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Abstract

Today, a device can be simnmultaneously connected to nultiple

communi cati on networks based on different technol ogy inplenentations
and network architectures like WFi, LTE, DSL. In such nulti-
connectivity scenario, it is desirable to conbine nultiple access
networ ks or select the best one to inprove quality of experience for
a user and inprove overall network utilization and efficiency. This
docunent presents the control plane nessage definitions and their
presentations in JSON, for control plane procedures for configuring
the user plane in a nulti access managenent services (MAMS) framework
that can be used to flexibly select the conbination of uplink and
downl i nk access and core network paths, and user plane treatnent for
i mprovi ng network efficiency and enhanced application quality of
experi ence.

Status of This Meno

This Internet-Draft is submtted in full conformance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunents of the Internet Engineering
Task Force (I1ETF). Note that other groups may al so distribute
wor ki ng docunents as Internet-Drafts. The list of current Internet-
Drafts is at http://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunents valid for a maxi mum of six nonths
and nmay be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress.”

This Internet-Draft will expire on January 4, 2018.
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1. Conventions used in this docunent

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMVENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in [ RFC2119].

2. I nt roducti on

Mul ti Access Managenent Service (MAVS)

[1-D. kanugovi -i nt area- mans- protocol] is a framework to sel ect and
configure network paths when nultiple connections can serve a client
device. It allows the path selection and configuration to adapt to
dynam c network conditions. It is based on principles of user plane
i nterworking that enables the solution to be depl oyed as an overl ay
wi t hout inpacting the underlying networks.

Thi s docunment presents the JSON based definitions for control plane

nmessages for the MAMS franmework. The control plane nessages for
whi ch have been defined in [I-D.zhu-intarea-mans-control-protocol].

Agarwal , et al. Expi res January 4, 2018 [ Page 4]



I nternet-Draft MAMS C-pl ane JSON July 2017

3. Term nol ogy

"Anchor Connection": Refers to the network path fromthe N MADP to
the Application Server that corresponds to a specific |IP anchor that
has assigned an | P address to the client.

"Delivery Connection": Refers to the network path fromthe N-MADP to
the client.

"“Net wor k Connection Manager" (NCM, "dient Connection Manager"

(CCM, "Network Multi Access Data Proxy" (N-MADP), and "Cient Milti
Access Data Proxy" (C-MADP) in this docunent are to be interpreted as
described in [I-D. kanugovi -i nt area- mans- prot ocol ] .

4. Protocol Specification: General Processing
4.1. Overall Design

Control plane nessages for MAMS are exchanged between the CCM and NCM
over WebSocket, the content of messages is defined in "Java Scri pt
bj ect Notation" (JSON) fornat.

4. 2. Not at i on

Thi s docunment uses JSONString, JSONNunmber, and JSONBool to indicate
the JSON string, nunber, and bool ean types, respectively. The type
JSONval ue indicates a JSON val ue, as specified in Section 3 of

[ RFC7159] .

Thi s docunent uses an adaptation of the Cstyle struct notation to
define JSON objects. A JSON object consists of nane/val ue pairs.
This docunent refers to each pair as a field. 1In sone context, this
docunent also refers to a field as an attribute. The nane of a
field/attribute may be referred to as the key. An optional field is
enclosed by [ ]. In the definitions, the JSON nanes of the fields
are case sensitive. An array is indicated by two nunbers in angle
brackets, <m.n> where mindicates the m nimal nunber of val ues and
nis the maxi mum Wen this docunent uses * for n, it nmeans no upper
bound.

For exanple, the definition bel ow defines a new type Type4, wth
three fields naned "nanel", "nanme2", and "nane3", respectively. The
field naned "nane3" is optional, and the field named "nanme2" is an
array of at |east one val ue.

obj ect { Typel nanel; Type2 nane2<l..*>; [Type3 nane3;] } Type4;
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Thi s docunent uses subtyping to denote that one type is derived from
anot her type. The exanpl e bel ow denotes that TypeDerived is derived
from TypeBase. TypeDerived includes all fields defined in TypeBase.
I f TypeBase does not have a field named "nanmel", TypeDerived wll
have a new field naned "nanel". |If TypeBase already has a field
named "nanel" but with a different type, TypeDerived wll have a
field naned "nanel” wth the type defined in TypeDerived (i.e., Typel
in the exanple).
obj ect { Typel nanel; } TypeDerived : TypeBase;
Note that, despite the notation, no standard, nachi ne-readable
interface definition or schema is provided in this docunent.
Ext ensi on docunents may descri be these as necessary.

4.3. Discovery Procedure

4.3.1. MX Discovery Message
This message is the first nessage sent by CCMto di scover the
presence of NCMin the network. It contains only the base

information as described in Section 5.1 with nessage_type set as
mx_di scover.

Followng is the representation of the nessage:
obj ect {
} MXDi scover : MXBase;
4.4. System Information Procedure
4.4.1. MX System I nfornmati on Message
This nessage is sent by NCMto CCMto i nform the endpoints that NCM
supports for MAMS functionality. |In addition to base infornmation
(Section 5.1) it contains follow ng information:
a) NCM Connections (described in Section 5.3)
Follow ng is the representation of the nessage:
obj ect {
NCMConnect i ons ncm connecti ons;

} MXSystemi nfo : MXBase;
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4.

4.

4.

5.

5.

5.

Capabi l ity Exchange Procedure
1. MX Capability Request

This nessage is sent by CCMto NCMto indicate the capabilities of
the CCMinstance available to the NCMindicated in SystemInfo
message earlier. In addition to base information (Section 5.1) it
contains follow ng information:

(a) Features Activation Status: Described in Section 5.5

(b) Nunber of anchor connections: Nunber of anchor connection
(towards core) supported by the NCM

(c) Anchor Connections: Described in sec Section 5.6

(d) Nunber of Delivery connections: Nunmber of delivery connection
(towards access) supported by the NCM

(e) Delivery Connections: Described in Section 5.7

(f) Convergence Methods: Described in Section 5.9

(g) Adaptation Methods: Described in Section 5.10

Follow ng is the representation of the nessage:

obj ect {

Feat uresActive feature_active;

JSONNunmber num anchor _connecti ons;

Anchor Connecti ons anchor _connecti ons;
JSONNunber num del i very_connecti ons;

Del i veryConnecti ons delivery_connecti ons;
Conver genceMet hods conver gence_net hods;
Adapt at i onMet hods adapt ati on_net hods

} MXCapabilityReq : MXBase;

2. MX Capability Response

This nmessage is sent by NCMto CCMto indicate the capabilities of
the NCM i nstance and uni que session identifier for CCM In addition
to base information (Section 5.1) it contains follow ng informtion:

(a) Features Activation Status: Described in Section 5.5

(b) Nunber of anchor connections: Number of anchor connecti on
(towards core) supported by the NCM

(c) Anchor Connections: Described in Section 5.6

(d) Nunber of Delivery connections: Nunber of delivery connection
(towards access) supported by the NCM

(e) Delivery Connections: Described in Section 5.7

(f) Convergence Methods: Described in Section 5.9

(g) Adaptation Methods: Described in Section 5.10

(h) Unique Session Id: This uniquely identifies the session between
CCM and NCMin a network. Described in Section 5.2
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Following is the representation of the nmessage:

obj ect {

Feat uresActive feature_active;

JSONNunmber num anchor _connecti ons;

Anchor Connecti ons anchor _connecti ons;
JSONNunber num del i very_connecti ons;

Del i veryConnecti ons delivery_connecti ons;
Conver genceMet hods conver gence_net hods;
Adapt at i onMet hods adapt ati on_net hods

Uni queSessi onl d uni que_sessi on_i d;

} MXCapabilityRsq : MXBase;

4.5.3. M Capability Acknow edge

This nmessage is sent by CCMto NCM to indi cate acceptance of
capabilities advertised by NCMin earlier MX Capability Response
message. In addition to base information (Section 5.1) it contains
follow ng information:

(a) Unique Session Id: Same identifier as provided in MX Capability
RSP. Described in Section 5. 2.

(b) Capability Acknow edgenent: Either Accept or Reject of the
capabilities sent by CCM Can take either "M _ACCEPT" or
"MX_REJECT" as accept abl e val ues.

Following is the representation of the nmessage:
obj ect {
Uni queSessi onl d uni que_sessi on_i d;
JSONSt ri ng capability_ack
} MXCapabilityAck : MXBase;
4.6. User Plane Configuration Procedure
4.6.1. M User Pl ane Configuration Request
This nmessage is sent by NCMto CCMto configure the user plane for
MAMS. |In addition to base information (Section 5.1) it contains
foll owi ng informtion:
(a) Nunber of Anchor Connection: Nunmber of anchor connections
supported by NCM
(b) Setup of Anchor Connections: Described in Section 5.11.
Following is the representation of the nmessage:

obj ect {
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JSONNunmber num anchor _connecti ons;
Set upAnchor Conns anchor _connecti ons;
} MXUPSet upConfi gReq : MXBase;

4.6.2. M User Plane Configuration Confirmation

This nmessage is the confirmati on of user plane setup nessage sent
from CCM after successfully configuring the user plane at user
equi pnent. This nmessage contains follow ng information:

(a) Unique Session Id: Sanme identifier as provided in MX Capability
RSP. Described in Section 5. 2.
(b) MX Probe Paraneters (included if probing is supported)

(1) Probe Port: UDP port for accepting probe nmessage.
(c) For each delivery connection followng is required:

(1) Connection ID Delivery connection id supported by UE
(2) dient Adaptation Layer Parameters: |f UDP adaptation |ayer
is in use then the UDP port to be used at C MADP si de.

Following is the representation of the nmessage:

obj ect {

Uni queSessi onl d uni que_sessi on_i d;
[ ProbePar am pr obe_param |
JSONNunber num del i very_conn;
CientParamclient _parans <l1...*>;
} MXUPSet upConfi gCnf : MXBase;

Where ProbeParamis defined as follow ng:
obj ect {
JSONNunber probe_port;
} ProbeParam

Where CientParamis defined as foll ow ng:
obj ect {
JSONNunber connection_i d;
[ Adapt at i onPar am adapt _par ani |
} dientParam

Where Adaptati onParamis defined as foll ow ng:
obj ect {

JSONNunber udp_adapt _port;
} Adapt ati onPar am
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4.7. Reconfiguration Procedure

4.7.1. Reconfiguration Request
This nessage is sent by CCMto NCMin case of reconfiguration of any
t he connections fromuser equipnment’s side. In addition to base

information (Section 5.1) it contains follow ng information:

(a)
(b)
(c)
(d)
(e)
()

(9)

(h)

Uni que Session Id: ldentifier for CCM NCM associ ati on

Section 5. 2.

Reconfiguration Action: Type of reconfiguration action can be
one of "setup", "release" or "nodify".

Connection Id: Connection Id for which the reconfiguration is

t aki ng pl ace.

| P address: | P address in case of setup and nodify type of
reconfi guration.

SSID: If the connection type is WFi, in that case the SSID the
UE has attached to is contained in this paraneter.

MIU of connection: MIU of the delivery path that is cal cul ated
at the UE for use by NCMto configure fragnmentati on and

concat enati on procedures at N MADP

Connection Status: This paranmeter informs if the connection is
currently "disabl ed", "enabl ed" or "connected". Default:
"connected".

Delivery Node Id: ldentity of the node to which the client is
attached. ECQ in case of LTE and WFi AP Id or MAC address in
case of WFi.

Follow ng is the representation of the nessage:

obj ect {

Uni queSessi onl d uni que_sessi on_i d;
JSONSt ri ng reconf_acti on;
JSONNunber connecti on_i d;
JSONStri ng i p_address;

JSONSt ri ng ssi d;

JSONNunmber ntu_si ze;

JSONSt ri ng connecti on_st at us;

[ JSONSring delivery node_id;]

}
4.7.2.

Thi s

MXReconf Req : MXBase;
Reconfi gurati on Response

nmessage is sent by NCMto CCM as a confirmation towards

reconfiguration requirenment after taking the reconfiguration into use
and contains only the base information (as defined in Section 5.1).

Following is the representation of the nessage:|]

Agar wal ,
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4. 8.

4.8.1.

This nmessage is sent
path estinmation reports.

obj ect {

MAMS C-pl ane JSON

} MXReconf Rsp : MXBase;

Path Estinmati on Procedure

Pat h Estimati on Request

(Section 5.1)

(a)
(b)
(c)
(d)
(e)
(f)
(9)
(h)
(i)

Following is the representation of the nmessage:

Connection |d:

estimation report is required.

Init Probe Test Duration: Duration of initial

mlliseconds. [TBD: Range of val ues]
Init Probe Test Rate: Initial testing rate in Mega Bits per

Second.

[ TBD: Range of val ues]

Init Probe Size: Size of each packet for
[ TBD: Range of val ues]

Init Probe Ack:

[ Possi bl e val ues: "yes", "no"]
Active Probe Frequency: Frequency in mlliseconds at which the

active probes shall be sent. [TBD: Range of val ues]

Active Probe Size: Size of the active probe in Bytes.

Range of val ues]

Active Probe Duration:

Acti ve Probe Ack.

[ Possi bl e val ues: "yes", "no"]

obj ect {

JSONNunber
JSONNunber
JSONNumber
JSONNunber
JSONSt ri ng
JSONNunber
JSONNunber
JSONNunmber
JSONSt ri ng

connection_i d;
init_probe test duration_ns;
i nit_probe_test_rate_Mps;

i nit_probe_size_bytes;

i nit_probe_ack _req;
active_probe_freq_ms;
active_probe_si ze bytes;
active_probe_duration_sec;
active_probe_ack _req;

} MXPat hEst Req : MXBase;

Agarwal , et al.
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Id of the connection for which the path
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by NCM towards CCMto configure the CCMto send
In addition to base information
it contains follow ng information:

probe test in

probe i n Bytes.

If an acknow edgenent for probe is required.

[ TBD:

Duration in seconds for which the active
probe shall be perfornmed. [TBD. Range of val ues]
I f an acknow edgenent for probe is required.
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4.8. 2.

Thi

Path Estimation Report

s nmessage is sent by CCMto NCM as report to the probe estimtion

configured by NCM In addition to base information (Section 5.1) it
contains follow ng information:

(a)
(b)

(c)
(d)

Fol

4.9.
4.9.1.

Thi
del

Uni que Session Id: Sanme identifier as provided in MX Capability
RSP. Described in Section 5. 2.
Connection Id: 1d of the connection for which the path
estimation report is required.
Init Probe Results: Defined in section Section 5.12.
Active Probe Results: Defined in section Section 5.13.

lowing is the representation of the nessage:

obj ect {

JSONNunber connection_i d;

Uni queSessi onl d uni que_sessi on_i d;
[InitProbeResults init_probe_results;]

[ Acti veProbeResults active_probe_ results;]
} MXPat hEst Results : MXBase;

Traffic Steering Procedure
Traffic Steering Request

s nmessage is sent by NCMto CCM for enabling traffic steering at
ivery side in uplink and downlink configuration. 1In addition to

base information (Section 5.1) it contains follow ng information:

(a)
(b)
(c)
(d)

Fol

Connection id: Defines the anchor connection nunber for which
the traffic steering is getting define.
Downl i nk Delivery: Defined in Section 5.14.
Uplink Delivery: Defined in Section 5.15.
Features Activated: Defined in Section 5.5.
lowing is the representation of the nessage:
obj ect {

JSONNunber connection_i d;
DLDel i very downlink _delivery;
ULDel i very uplink_delivery;

Feat uresActive feature_activation
} MXTraffi SteeringReq : MXBase;
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4.9.2. Traffic Steering Response

This message is response to Traffic Steering request fromCCMto NCM
In addition to base information (Section 5.1) it contains follow ng
i nformati on:

(a) Unique Session Id: Sane identifier as provided in MX Capability
RSP. Described in Section 5. 2.
(b) Features Activated: Defined in Section 5.5.

Follow ng is the representation of the nessage:

obj ect {

Uni queSessi onl d uni que_sessi on_i d;
Feat uresActive feature_activation;
} MXTraffi SteeringResp : MXBase;

4.10. SSID Indication
This nmessage is sent by NCMto CCMto indicate the list of allowed
SSI D which are supported by MAMS entity at the network side. It
contains the |ist of SSIDs.

Each SSID consists of the type of SSID (which can be one of the
"SSID', "BSSID' or "HESSI D' and the SSID itself.

Following is the representation of the nmessage:
obj ect {
SSID ssid_list<l1..*>;
} MXSSI DI ndi cation : MXBase;
Where each SSID is defined as foll ow ng:
obj ect {
JSONString ssid_type;
JSONSt ri ng ssid;
} SSI D
4.11. Measurenents
4.11.1. Measurenent Configuration
This nmessage is sent fromNCMto CCMto configure the period
measurenent reporting at CCM The nessage contains a |ist of

nmeasur enent configuration with each el ement containing foll ow ng
i nformati on:

Agarwal , et al. Expi res January 4, 2018 [ Page 13]
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(a) Connection Id: Connection id of the delivery connection for
whi ch the reporting is being configured.

(b) Connection Type: Connection Type for which the reporting is
bei ng configured, can be "lIte", "wifi", "bg-nr" etc.

(c) Measurenent Report Configuration: Actual report configuration
based on the connection type, as defined in Section 5.17

Follow ng is the representation of the nessage:

obj ect {
MeasReport Conf neasurenent _configuration <1..*>;
} MXMeasReport Conf : MXBase;

Where each nmeasurenment MeasReportConf is represented by foll ow ng:

obj ect {

JSONNunber connection_i d;

JSONSt ri ng connecti on_type;
MeasReport Confs nmeas_rep_conf <1..*>;
} MeasReport Conf;

4.11.2. Measurenent Report

This message is periodically sent by CCMto NCM after neasurenent
configuration. 1In addition to the base information it contains
follow ng informtion:

(a) Unique Session Id: Sane identifier as provided in MX Capability
RSP. Described in Section 5. 2.

(b) Measurenent report for each delivery connection is neasured by
the client device as defined in Section 5.18.

Following is the representation of the nmessage:
obj ect {
Uni queSessi onl d uni que_sessi on_i d;
MXMeasRep neasurment _reports <1..*>;
} MXMeasur enent Report : MXBase;
4.12. Keep Alive
4.12.1. Keep Alive Request

A Keep Alive Request nessage can be sent fromeither NCM or CCM on
expiry of MAMS KEEP _ALIVE tinmer or a handover event. This request
shal | be responded by the peer with Keep Alive Response. |In case of
no response from peer the MAMS connection shall be assuned to be
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broken and new connection shall be established again by CCM by
sendi ng MX Di scover nessages.

In addition to the base information it cantains foll ow ng
i nformati on:

(a) Keep Alive Reason: Reason for sending this nmessage, can be
“Ti meout” or "Handover".

(b) Unique Session Id: ldentifier for CCM NCM associ ati on
Section 5. 2.

(c) Connection Id: Connection id for which handover is detected, in
case the reason is "Handover".

(d) Delivery Node Id: The target delivery node id (ECA or WFi
Access Point 1d/MAC) to which the handover is executed.

Following is the representation of the nmessage:

obj ect {

JSONSt ri ng keep_al i ve_reason;

Uni queSessi onl d uni que_sessi on_i d;
JSONNunmber connection_ i d;
JSONSt ri ng delivery _node_ i d;

} MXKeepAliveReq : MXBase;

4.12.2. Keep Alive Response

On receiving Keep Alive Request from peer, NCM CCM shall inmediately
respond with a Keep Alive Response nmessage on the same delivery path
fromwhere the request arrived. |In addition to base information it
contains the unique session identifier for the CCM NCM associ ati on
(defined in Section 5.2)

Following is the representation of the nmessage:
obj ect {
Uni queSessi onl d uni que_sessi on_i d;
} MXKeepAliveResp : MXBase;
4.13. Session Term nation Procedure
4.13.1. Session Term nate Request
In the event where NCM or CCM can no | onger handl e MAMS for any
reason then it can send MX session term nation request to the peer.
In addition to base information it contains Unique Session Id and

reason for termnation, this can be "MX_ NORVAL RELEASE",
"MX_NO_RESPONSE" or "I NTERNAL_ ERROR"
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Following is the representation of the nmessage:

obj ect {

Uni queSessi onl d uni que_sessi on_i d;
JSONSt ri ng reason

} MXSessi onTerm nati onReq : MXBase;

4.13.2. Session Term nate Response

On reception of MX session term nation request from peer, NCM CCM
shall respond with MX Session Term nati on Response on the sane
delivery path where the request arrived and cl ean the MAMS rel at ed
resources and settings. CCMshall re-initiate a new session with MX
D scover nessages again.

Following is the representation of the nmessage:

obj ect {
Uni queSessi onl d uni que_sessi on_i d;
} MXSessi onTerm nati onResp : MXBase;

5. Protocol Specification: Data Types
5.1. MXBase

This is the base information that every nessage between CCM and NCM
exchanges shall have as mandatory information. It contains follow ng
i nformati on:

(a) Version: Version of MAMS in used
(b) Message Type: Message type being sent with followng as valid
val ues:

(a) "nx_discover"

(b) "nmx_system. nfo"

(c) "nx_capability req"
(d) "nx_capability_resp"
(e) nx_capability_ack"
(f) "mx_up_setup_conf _req
(g) "mx_up_setup_cnf"

) "nmx_reconf_req"

)  "nx_reconf_rsp"

) "mx_path_est_req"
)
)

"nx_path_est _results"”
"nx_traffic_steering_req"
m "nx_traffic_steering_rsp"
n) "nx_ssid_indication”

0) "nx_keep_alive_req"
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)  "nx_keep_alive_rsp"

) "nx_measurenment _conf"

)  "nx_measurenent _report”

) "nx_session_termnation_req"
(t) "nx_session_term nation_resp"

(c) Sequence Nunber: Sequence nunber to uniquely identify a
transacti on of nessage exchange, e.g. MX Capability REQ RSP/
ACK.

—~ N~
n - 0T

Following is the representation of this data type:

obj ect {

JSONSt ri ng version
JSONSt ri ng nessage_type;
JSONNunber sequence_num
} MXBase;

5.2. Unique Session Id

This data type defines the unique session id between a CCM and NCM
entity, it contains a NCMid which is unique in the network and a
session id allocated by NCM for that session. On reception, of

di scovery nessage if the session is existing then the old session id
is returned in System I nfo nessage otherwi se NCM al | ocates a new
session id to the CCM and sends in response with System | nfo nessage.

Following is the representation of this data type:

obj ect {

JSONNunmber ncm i d;
JSONNunber session_ i d;
} Uni queSessi onl d;

5.3. NCM Connecti ons
This data type defines the connection avail able at NCM for NMAMS
connectivity towards the User Equipnment. It contains a |list of NCM
connections avail abl e where each connection has foll ow ng
i nformati on:
(a) Connection Information: As defined in Section 5.4
(b) NCM End Point information: This contains | P Address and Port
exposed by NCM end point for CCM
Following is the representation of this data type:

obj ect {
NCMConnection itens<l..*>;
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} NCMConnect i ons;
wher e NCMConnection is defined as:

obj ect {
NCMVENndPoi nt ncm end_poi nt;
} NCMConnection : Connecti onl nfo;

wher e NCMEndPoi nt is defined as:

obj ect {

JSONStri ng i p_address;
JSONNunber port;

} NCMEndPoi nt ;

5.4. Connection |Information

This data type provides the mappi ng of connection Id and connecti on
type. It contains follow ng information:

(a) Connection Id: Nunber indicating the connection can be 0,1,2 and
3.

(b) Connection type: Type of connect can be "W-Fi, "5G NR', "Milti-
Fire" and "LTE".

The two are considered a mapping like O-"W-Fi", 1-"5G NR', 2-"Multi-
Fire" and 3-"LTE".

Followng is the representation of this data type:

obj ect {

JSONNunber connection_ i d;
JSONSt ri ng connecti on_type;
} Connecti onl nf o;

5.5. Feat ures Activation Status

This data type provides the list of all features with their
activation status. Each feature status contains follow ng:

(a) Feature Nane: Nane of the feature can be one of the foll ow ng:

(a) "lossless_swtching"
(b) "fragmentation"

(c) "concatenation”

(d) "uplink_aggregation”
(e) "downlink _aggregation”
(f) "neasurenent”
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(b) Active status: Activation status of the feature, "true" nmeans
feature is active, "false" nmeans feature is inactive.

Following is the representation of this data type:

obj ect {

Featurelnfo itens<l..*>;

} FeaturesActive;
where Featurelnfo is defined as:

obj ect {

JSONSt ri ng feature_nane;

JSONBool acti ve;

} Feat urel nf o;

5.6. Anchor Connecti ons

This data type contains the |list of Connection Information
(Section 5.4) that are supported at anchor (core) side.

Following is the representation of this data type:
obj ect {
Connectionlnfo itens<l..*>;
} Anchor Connecti ons;

5.7. Delivery Connections

This data type contains the list of Connection Information
(Section 5.4) that are supported at delivery (access) side.

Following is the representation of this data type:
obj ect {
Connectionlnfo itens<l..*>;
} DeliveryConnecti ons;
5.8. Method Support

This data type provides the support for a particular convergence or
adaptation nethod. It consists of follow ng:

(a) Method: Nanme of the nethod.
(b) Supported: Whether the method named above is supported or not.
Possi bl e values are "true" and "fal se".

Following is the representation of this data type:
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obj ect {
JSONSt ri ng mnet hod;
JSONBool support ed;
} Met hodSupport;

5.9. Convergence Methods

This data type contains the list of all convergence nethods and their
support status. Converge Methods possible are:

“"Trail er _Based"
" MPTCP_Pr oxy"
" GRE_Aggr egati on_Proxy"

Following is the representation of this data type:

obj ect {
Met hodSupport itens<l..*>;
} Conver genceMet hods;

5.10. Adaptation Mt hods

This data type contains the Iist of all convergence nethods and their
support status. Converge Methods possible are:

"UDP_wi t hout _DTLS"
"UDP_with_DTLS"

"1 PSec”
"Cient NAT"

Following is the representation of this data type:

obj ect {
Met hodSupport itens<l..*>;
} Adapt ati onMet hods;

5.11. Setup of Anchor Connections

This data type defines the setup configuration for each of the anchor
connection that is required at the user equi pnent side. Each anchor
connection contains follow ng information:

(a) Convergence Method: Converge nethod sel ected, has to be one of
t he supported convergence nethod as listed in section
Section 5.9.

(b) Convergence Method Paraneters: Described in section
Section 5.11.1
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(c) Nunber of Delivery Connections: Nunmber of delivery connections
(access side) that are supported for this anchor connection.
(d) Setup Delivery Connections: Described in section Section 5.11. 2.

Followng is the representation of this data type:

obj ect {
Set upAnchor Conn itenms<l..*>;
} Set upAnchor Conns;

where each Anchor connection configuration is defined as foll ow ng:

obj ect {

JSONSt ri ng conver gence_net hod;

Conver genceMet hodPar am conver gence_net hod_par ans;
JSONNunber num del i very_connecti ons;

Set upDel i veryConns del i very_connecti ons;

} SetupAnchor Conn : Connecti onl nf o;

5.11.1. Convergence Method Paraneters

This data type defines the paranmeters used for convergence net hod and
contains foll ow ng:

(a) Proxy IP: IP Address of proxy that is provided by Convergence
Met hod sel ect ed.

(b) Proxy Port: Port of the proxy that is provided by Convergence
Met hod sel ect ed.

Following in the representation of this data type:

obj ect {

JSONSt ri ng proxy_ip;
JSONSt ri ng proxy_port;

} Conver genceMet hodPar am

5.11.2. Setup Delivery Connections

This is the Iist of delivery connections and their paranmeters to be
configured at the user equi pment. Each delivery connection defined
by its connection informati on (Section 5.4) contains optionally
fol | ow ng:

(a) Adaptation Method: Sel ected adaptation nethod nane, this shal
be one of the nanes as listed in Section 5.10.

(b) Adaptation Method Paraneters: Dependi ng on the adaptation method
one or nore of the follow ng paraneters shall be provided.
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(a) Tunnel |P address
(b) Tunnel Port nunber
(c) Shared Secret

Followng in the representation of this data type:

obj ect {
Set upDel i veryConn itens<l..*>;
} SetupDeliveryConns;

where each Setup Delivery Connection consists of follow ng:

obj ect {

[ JSONSti ng adapt ati on_net hod; ]

[ Adapt at i onMet hodPar am adapt ati on_net hod_param ]
} SetupDeliveryConn : Connecti onl nfo;

where Adaptation Method Paramis defined as:

obj ect {

JSONSt ri ng tunnel _i p_addr;
JSONSt ri ng tunnel _end_port;
JSONSt ri ng shared_secret;

} Adapt at i onMet hodPar am

5.12. Init Probe Results

This data type defines the results of init probe request made by NCM
It consists of follow ng information:

(a) Lost Probes: Percentage or probes |ost.
(b) Prode Del ay: Average del ay of probe nessage in m croseconds.
(c) Probe Rate: Probe rate achieved in Mega Bits per second.
Followng in the representation of this data type:
obj ect {
JSONNunber | ost_probes_percent age;
JSONNunber probe_rate_Mps;
} InitProbeResults;
5.13. Active Probe Results

This data type defines the results of init probe request made by NCM
It consists of follow ng information:

(a) Average Probe Throughput: Average active probe throughput
achieved in Mega Bits per second.
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Following in the representation of this data type:
obj ect {
JSONNunber avg_tput | ast _probe_durati on_Mops;
} ActiveProbeResults;

5.14. Downlink Delivery

This data type defines the Iist of connections which are enabled in
delivery side to be used in downlink direction.

Following in the representation of this data type:
obj ect {
JSONNunmber connection_id <1..*>;
} DLDelivery;
5.15. Uplink Delivery

This data type defines the |ist of connections and paraneters enabl ed
for deliver side to be used in uplink direction.

The uplink delivery consists of nultiple uplink delivery entities,
where each entity consists of a traffic flow tenplate (TFT)
Section 5.16 and list of connection ids in uplink where traffic
qual i fying for such traffic flow tenplate can be redirected.

Following in the representation of this data type:
obj ect {

ULDel i veryEntity ul _del <1..*>;
} ULDelivery;

Where each uplink delivery entity consists of foll owi ng data type:
obj ect {
Traffi cFl owTenplate ul _tft <1..*>;
JSONNunmber connection_id <1..*>;
} ULDel i veryEntity;
5.16. Traffic Flow Tenpl ate

Traffic flow tenplate follows in general guidelines specified in 3GPP
TS 23. 060.

Traffic flow tenplate in MAMS consists of one or nore of follow ng:
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Renot e Address and Mask: | P address and subnet for renote
addresses represented in CIDR notation. Default: "0.0.0.0/0".
Local Address and Mask: | P address and subnet for | ocal
addresses represented in CIDR notation. Default: "0.0.0.0/0"
Prot ocol Type: |IP protocol nunber of the payl oad being carried
by IP packet. e.g. UDP, TCP etc. Default: 255.

Local Port Range: Range of ports for local ports for which the
flow tenplate is applicable. Default: Start=0, End=65535.
Renote Port Range: Range of ports for renote ports for which the
flowtenplate is applicable. Default: Start=0, End=65535.
Traffic Class: Represented by Type of Service in |IPv4 and
Traffic Cass in IPv6. Default: 255

Fl ow Label : Flow | abel for IPv6, applicable only for IPv6
protocol type. Default: O.

Following in the representation of this data type:

obj ect {

JSONSt ri ng renote_addr_nmask;
JSONSt ri ng | ocal _addr_mask;
JSONNunber prot ocol _type;
Port Range | ocal port_range;
Port Range renote_port _range;
JSONNunber traffic_cl ass;
JSONNunber fl ow | abel ;

}

Traf fi cFl owTenpl at e;

Wiere the port range is defined as follow ng:

obj ect {
JSONNunber start;
JSONNunber end;

}

Por t Range;

5.17. Measurenent Report Configuration

Thi s

data type defines the configuration done by NCM towards CCM f or

reporting measurement events.

(a)

(b)

Agar wal ,

Measur enent Report Parameter: Parameter which shall be neasured
and reported. This is dependent on the connection type:

(a) For connection type "wifi" allowed neasurenent paraneters
are "WLAN RSSI", "W.AN LCAD', "UL_TPUT", "DL_TPUT",
"EST_UL_TPUT" and "EST_DL_TPUT".

(b) For connection type "lIte" allowed nmeasurenent paraneters
are "LTE RSRP", "LTE RSRQ', "UL_TPUT" and "DL_TPUT".

Threshol d: Hi gh and Low threshold for reporting.

et al. Expi res January 4, 2018 [ Page 24]



I nternet-Draft MAMS C-pl ane JSON July 2017

(c) Period: Period for reporting in mlliseconds.
Following is the representation of this data type:

obj ect {

JSONSt ri ng nmeas_r ep_par am
Threshol d neas_t hreshol d;
JSONNunber neas_peri od;

} MeasReport Conf s;

Where Threshold is defined as foll ow ng:

obj ect {
JSONNunber hi gh;
JSONNurber | ow;
} Threshol d;

5.18. Measurenent Report

This data type defines the neasurenents reported by CCM for each
access network nmeasured. This type contains the connection

i nformation, delivery node id which identifies the cell (ECA) or the
W FI Access Point |d or MAC address (or equivalent identifier in

ot her technol ogi es) and the actual neasurenment performed by CCMin

t he | ast measurenent period.

Following is the representation of this data type:

obj ect {

JSONNunber connection_i d;
JSONSt ri ng connecti on_type;
JSONStri ng delivery_node_ i d;
Measur enment neasurenents <1..*>;
} MXMeas Rep;

Where Measurenent is defined as the key value pair of neasurenent
type and value. The exact type and val ue are defined on a per
delivery type and defined in Section 5.17.

obj ect {

JSONSt ri ng neasur enent _type;
JSONNunmber neasur enent _val ue;
} Measurenent;
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6. Schemas in JSON

6. 1. MX Base Schemn

{

"$schemn": "http://json-schema. org/draft-04/schema#",
"definitions": {
"message_type_def": {
"enum': |
"mx_di scover",
"nmx_system.info",
"nx_capability_req",
"nx_capability_resp",
"nx_capability_ack"
"mx_up_setup_conf_req",
"mx_up_setup_cnf",
"nx_reconf_req",
"nmx_reconf _rsp",
"nx_path_est_req",
"nx_path_est _results",
"nx_traffic_steering_req",
"nx_traffic_steering rsp”,
"nmx_ssid_indication",
"nx_keep_alive_req",
"nx_keep_al ive_rsp",
"nx_neasurenent _conf",
"mx_nmeasurenment _report”,
"mx_session_termnation_req",
"nx_session_term nation_resp"
1,
"type": "string"

"éequence_nunLdef": {
“mnimun': 1,
"type": "integer"

}

"version_def": {
"type": "string"

"id": "http://ww.ietf.org/ mans/ nx_base_def.json"

}
6. 2. MX Definitions

"$schemn": "http://json-schema. org/draft-04/ schema#",
"definitions": {
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"adapt _net hod": {
"enunt': |

"UDP_wi t hout DTLS",

"UDP_wi t h_DTLS",
"1 PSec",
"Cl i ent _NAT"

]

’ype": "string"
}

’onv_nethod": {

"enum':
"Trail er Based",
" MPTCP_Pr oxy",
" GRE_Aggr egati on_Proxy"
],
"type": "string"
b
"supported": {
"type": "bool ean”
}
"active": {
"type": "bool ean”
}

’onnection_id": {
"type": "integer"
}

eature_nanme": {
"enunt:

"l ossl ess_swi t chi ng",

"fragnentation”,
"concat enati on",

"upl i nk_aggr egation”,
"“downl i nk_aggr egation”,

"measur enent "

1,
"type": "string"
}
"connection_type": {
"enum': |
"wi-fit,
"509-nr",
"multi-fire",
"Ite"

]

’ype": "string"
}

3p_address": {
"type": "string"
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}

"port": {
"maxi munt: 65535,
"mnimunt: 1,
"type": "integer"

}

"adapt ati on_net hod": {

"al lOF" o [
{ "$ref": "#/ definitions/adapt_nethod" },
{ "$ref": "#/definitions/supported" }

]
}
"connection": {
"al lOEF" o[
{ "$ref": "#/definitions/connection_id" },
{ "$ref": "#/definitions/connection_type" }
]
}
"convergence_net hod": {
"al | OfF " |
{ "$ref": "#/definitions/conv_nethod" },
{ "$ref": "#/definitions/supported" }
]
}
"feature_status": {
"al | OfF " |
{ "$ref": "#/ definitions/feature_nanme" },
{ "$ref": "#/definitions/active" }
]
1
"ncmend_point": {
"al lOEF" o[
{ "$ref" . "#/definitions/ip_address" },
{ "$ref" . "#/definitions/port" }
]
1
"“capability_acknow edgenent" : {
"enunt : [
" MX_ACCEPT",
" MX_REJECT"
1,
"type" : "string"
1
"threshol d" : {
"high" : {
"type" : "integer"
¥
"low' : {
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"type" : "integer"
},
"type" : "object”
},
"meas_report_parant : {
"enunt : |
"WLAN RSSI ",
"WLAN LOAD",
"LTE_RSRP",
"LTE_RSRQ',
"UL_TPUT",
"“DL_TPUT",
"EST_UL_TPUT",
"EST _DL_TPUT"
1.
"type" : "string"
},
"meas_report_conf" : {
"meas_rep_parant :
"$ref" : "#definitions/neas_report_parani
},
"meas_t hreshol d" : {
"$ref" : "#definitions/threshol d"
b
"meas_period_ns" :
"type" : "integer"
},
"type" : "object”
},
"ssid types" : {
"enunm' :
"ssid",
"bssi d",
"hessi d"
1.
"type" : "string"
},
"i p_addr_mask" : {
"type" : "string",
"default" : "0.0.0.0/0"
},
"port _range" : {
"start" @ {
"type" : "integer",
"default" : O
},
"end" : {
"type" : "integer",
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"default" : 65535

}
}
"traffic_flow tenplate"” : {
"renot e_addr _mask" { "$ref”
r_mask" },
"l ocal _addr_mask" : { "$ref"
r_mask" },
"protocol type" : {
"type" : "integer",
“mni munt : O,
"maxi munt : 255
}
"l ocal _port_range" : { "$ref"
range" 1},
"renpte_port_range" { "$ref”
range" },
"traffic_class" : {
"type" : "integer",
"default" : 255
}
"flow_ | abel " : {
"type" : "integer",
"default” : O
}
}
"delivery node_id" : {
"type" : "string"
}
"uni que_session_id" : {
"type" : "object",
"ncmid" o {
"type" : "integer"
"session_id" : {
"type" : "integer"
}
}
"keep_alive_reason” : {
"enum' : [
"Ti meout ",
"Handover"
1,
"type" : "string"
}
"connection_status" : {
"enunt : |
"di sabl ed",
"enabl ed",
"connect ed"
]

’ype" . "string",

July 2017
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"#definitions/port_

"#definitions/port _



Agarwal , et al. Expi res January 4, 2018 [ Page 30]



I nternet-Draft MAMS C-pl ane JSON July 2017

"default" : "connected"
}
"adapt ati on_parant : {
"udp_adapt _port" : {
"type" : "integer"
}
}s
"probe_param' : {
"probe_port" : {
"type" : "integer"
b
"“client_param' : {
"connection_id" : {
"type" : "integer"
}
"adapt _param' : {
"type" : {"$ref" : "#definitions/adaptation_para
nt }
}
} }
"id": "http://ww.ietf.org/ mans/definitions.json"
}
6.3. MX Discover
{ _
"$schemn": "http://json-schema. org/draft-04/schema#",
"addi tional Properties": false,
"id": "http://ww.ietf.org/ mans/ nx_di scover.json",
"properties": {

"message_type" : {"$ref": "nx_base_def.]son#/ message_type_def"},
"sequence_num : {"$ref": "nx_base_def.]son#/ sequence_num def"},
"version" : {"$ref": "nx_base_def.]json#/ version_def"}

}

’ype": "obj ect™

6.4. MX System Update
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{
"$schemn": "http://json-schena. org/draft-04/ schema#",
"addi tional Properties": false,
“id": "http://ww.ietf.org/ mans/ nx_system.i nfo.json",
"properties": {
"message_type": {
"$ref": "nx_base_def.|son#/ nessage_type_def"
}
"sequence_nuni: {
"$ref”: "nx_base_def. | son#/ sequence_num def"
}
"version": {
"$ref": "nx_base_def.json#/ version_def"
}
"ncm.connections": {
"type": "array",
"items": [
{ "$ref": "definitions.json#/ connection" },
{ "$ref": "definitions.json# ncmend_point"
}
]
}
¥
"type": "object”
}

6.5. MX Capability Request

Agarwal , et al. Expi res January 4, 2018 [ Page 32]



I nternet-Draft MAMS C-pl ane JSON July 2017

{
"$schemn": "http://json-schena. org/draft-04/ schema#",
"addi tional Properties": false,
“id": "http://ww.ietf.org/ mans/ nx_capability req.json",
"properties": {

"message _type" : {"$ref": "nx_base def.json#/ nessage type def"},
"sequence_num' : {"$ref": "nx_base_def.|son#/ sequence_num def"},
"version" : {"$ref": "nx_base def.]json#/ version_def"},
"adapt ati on_net hods": {

"itenms": { "$ref" : "definitions.json#/ adaptation_nethod"},
"type": "array"

"énchor_connections": {

"items": { "$ref" : "definitions.json#/ connection"},
"type": "array"
"éonvergence_nethods": {
"items": { "$ref" : "definitions.json#/ convergence nethod"},
"type": "array"
}
"del i very_connections": {
“itenms": { "$ref" : "definitions.json#/ connection"},
"type": "array"
}
"feature_active": {
"itens": { "S$ref" : "definitions.json#/ feature_status"},
"type": "array"
"hunLanchor_connections": {
"type": "integer"
"hunLdeIivery_connections": {
"type": "integer"
}

’ype": "obj ect"

6.6. MX Capability Response
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raft-04/ schema#",

base_def .| son#/ message_type_def"},
base_def .| son#/ sequence_num def"},

"nx_base_def. | son#/version_def"},

. j son#/ adapt ati on_mnet hod" 1},

. ] son#/ connection"},

. j son#/ conver gence_net hod" },

. j son#/ connection"},

.json#/feature_status"},

i tions.json#/ uni que_session_id"

{
"$schemn": "http://json-schema.org/d
"addi tional Properties": false,
"id": "http://ww.ietf.org/ mans/ nx_capability resp.json",
"properties": {
"message_type" {"$ref": "nx_
"sequence_num' : {"$ref": "nmx_
"version" {"$ref":
"adapt ati on_net hods": {
"items": { "$ref" “definitions
"type": "array"
"énchor_connections": {
"items": { "$ref" “definitions
"type": "array"
"éonvergence_nethods": {
"itenms": { "S$ref” “definitions
"type": "array"
}
"del i very_connections": {
"items": { "$ref" “definitions
"type": "array"
},
"feature_active": {
"items": { "$ref" “definitions
"type": "array"
"hunLanchor_connections": {
"type": "integer"
"hunLdeIivery_connections": {
"type": "integer"
’ "uni que_session_id" : {
"Sref": "defin
}
}, |
"type": "object”
6.7. MX Capability Ack

Agarwal , et al.
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{
"$schemn": "http://json-schena. org/draft-04/ schema#",
"definitions": {},
“id": "http://ww.ietf.org/ mans/ nx_capability_ack.json",
"properties": {
"message_type" : {"$ref": "nx_base_def.]json#/ nessage type de
f"},
"sequence_num' : {"$ref": "nx_base_def.]son#/ sequence_num de
f"},
"version" : {"$ref": "nx_base_def.]json#/ version_def"},

"uni que_session_i d"

ssion_id" },
"capability ack": {"$ref"
enment "}

}

’ype": "obj ect™

6.8. MX Reconfiguration Request

{ "$ref": "definitions.json#/ uni que_se

"definitions.json#/ capability_acknow edg
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{
"$schemn": "http://json-schena. org/draft-04/ schema#",
"definitions": {},
"id": "http://ww.ietf.org/ mans/ nx_reconf _req.json",
"properties": {
"message_type" : {"$ref": "nx_base def.json#/ nessage type def"},
"sequence_num' : {"$ref": "nx_base_def.|son#/ sequence_num def"},
"version" : {"$ref": "nx_base def.]json#/ version_def"},
"uni que_sessi on_i d"
"$ref”: "definitions.json#/ uni que_session_id"
}
“connection_id" : {"$ref" : "definitions.json#/ connection_id" },
"I p_address": {"$ref" : "definitions.json#/ip_address" },
"mu_size": {
“maxi munt : 65535,
“m ni nunt': 1,
"type": "integer"
1
"ssid" o {
"type" : "string"
}
"reconf _action": {
"enunt: |
"rel ease",
"setup",
"updat e"
1,
"id": "/properties/reconf_action",
"type": "string"
"connection_status" : {"$ref" : "definitions.json#/ connection_status
II}’
“delivery_node_id" : {"$ref": "definitions.json#/ delivery_node_ id"}
}

"’ype": "object"

6.9. MX Reconfiguration Response
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{
"$schemn": "http://json-schena. org/draft-04/ schema#",
"definitions": {},
"id": "http://ww.ietf.org/ mans/ nx_reconf _rsp.json",
"properties": {

"message _type" : {"$ref": "nx_base def.json#/ nessage type def"},
"sequence_num' : {"$ref": "nx_base_def.|son#/ sequence_num def"},
"version" : {"$ref": "nx_base def.]json#/ version_def"}

}

’ype": "obj ect™

6.10. MX UP Setup Configuration
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{
"$schemn": "http://json-schena. org/draft-04/ schema#",
"addi tional Properties": false,
"definitions": {},
"id": "http://ww.ietf.org/ mans/ nx_up_setup_conf _req.json",
"properties": {
"message_type" : {"$ref": "nx_base_def.]son#/ message_type def"},
"sequence_num' : {"$ref": "nx_base_def.|son#/ sequence_num def"},
"version" : {"$ref": "nx_base_def.json#/ version_def"},
"num_ anchor _connections”: {
"type": "integer"
"anchor _connections": {
"items": {
"properties": {
"“connection_id": { "$ref" : "definitions.json#/ connection_id" },
“connection_type": { "$ref"” : "definitions.json#/ connection_type"
1
"convergence_nethod": { "$ref" : "definitions.json#/ conv_nethod" }
"convergence_net hod_paranms": {
“properties”: {
"proxy_ip": { "$ref" : "definitions.json#/ip_address" },
"proxy_port": {"$ref" : "definitions.json#/ port" }
}
"type": "object”
"num del i very_connections": {
"type": "integer"
"del i very_connections": {
"items":{ "$ref" : "definitions.json#/ connection" },
"type": "array"
}
|
"type": "object”
}
"type": "array"
}
}
"type": "object”
}

6.11. MX UP Setup Confirmation
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{
"$schemn": "http://json-schena. org/draft-04/ schema#",
"definitions": {},
“id": "http://ww.ietf.org/ mans/ nx_up_setup_cnf.json",
"properties": {

"message _type" : {"$ref": "nx_base def.json#/ nessage type def"},
"sequence_num' : {"$ref": "nx_base_def.|son#/ sequence_num def"},
"version" : {"$ref": "nx_base def.]json#/ version_def"},

"uni que_session_id" : { "$ref": "definitions.json#/ uni que_session_id
Y
“probe_parant : { "$ref": "definitions.json#/ probe_parani },
"num_ del i very_conn" : {
"type" : "integer"
}
"client_parans" : {
"type" : "array",
"itens" : |
{"$ref": "definitions.json#/client_ parani}
]
}
}, |
"type": "object”
}

6.12. MX Traffic Steering Request
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"$schemn”: "http://json-schenma. org/draft-04/ schema#",
"definitions": {
“conn_list" : {
"items" : { "S$ref" : "definitions.json#/ connection_id" },
"type": "array"
¥
"ul _delivery"
“ul _tft" o { "$ref" : "definitions.json#/traffic_flow_tenpla
te"},
“connection_list" : { "$ref” : "#definitions/conn_list" }
} }
"id": "http://ww.ietf.org/ mans/ nx_traffic_steering_req.json",
"properties": {
"message_type" : {"$ref": "nx_base_def.json#/ nessage_ type def"},
"sequence_nuni : {"$ref": "nx_base_def.]json#/ sequence_num def"},
"version" : {"$ref": "nx_base_def.]son#/ version_def"},
"“connection_id": {"$ref" : "definitions.json#/ connection_id" },
"downl i nk_del i very": {
"items": { "$ref" : "definitions.json#/ connection_id" },
"type": "array"
}

eature_activation": {
"itenms": {"$ref" : "definitions.json#/feature_status" },
n t ypeII : n ar r a.yll

“uplink_delivery":
"items": { "$ref" : "#definitions/ul _delivery" },
"type": "array"
}
}, |
n ypeII : n ObJ eCt n

6.13. MX Traffic Steering Response
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{
"$schemn”: "http://json-schenma. org/draft-04/ schema#",
"definitions": {},
“id": "http://exanpl e.com exanpl e.json"
"properties": {

"message _type" : {"$ref": "nx_base def.json#/ nessage type def"},
"sequence_num' : {"$ref": "nx_base_def.|son#/ sequence_num def"},
"version" : {"$ref": "nx_base def.]json#/ version_def"},

"uni que_session_id" : { "$ref": "definitions.json#/ unique_session_id
1 }’
"feature_activation": {
"items": {"$ref" : "definitions.json#/feature_status" },
"type": "array"
}, |
"type": "object”
}
6.14. MX Path Estimation Request
{
"$schemn": "http://json-schema. org/draft-04/ schema#",
"definitions": {},
“id": "http://ww.ietf.org/ mans/ nx_path_est_req.json",
"properties": {
"message_type" : {"$ref": "nx_base_def.]son#/ nmessage_type def"},
"sequence_nuni : {"$ref": "nx_base_def.json#/ sequence_num def"},
"version" : {"$ref": "nx_base_def.json#/ version_def"},
"active_probe_ack req": {
"enum': |
"no",
"yes"
1, .
"type": "string"
b
"active_probe freq ns": {
"maxi munt : 10000,
"m ni munt': 100,
"type": "integer"
}

ctive_probe_size bytes": {
"maxi munt: 1500,

"m ni munt: 100,

"type": "integer"

"active_probe duration_sec" : {

“maxi munt’ : 100,
"m ni munt : 10,
"type" : "integer"

Agarwal , et al. Expi res January 4, 2018 [ Page 41]



I nternet-Draft MAMS C-pl ane JSON July 2017

}s
"connection_id": { "$ref" : "definitions#/ connection_id" },
"init_probe_ack req": {
"enum': |
"no",
"yes"

1.
"type": "string"

init_probe_size bytes": {
“maxi munt: 1500,

"m ni munt: 100,

"type": "integer"

init_probe_test duration_ns": {
“maxi nunt: 10000,

“m ni nunt: 100,

"type": "integer"
init_probe_test rate Mps": {
“maxi munt: 100,

“m ni nunt': 1,

"type": "integer"

b _
"type": "object”

6.15. MX Path Estination Report
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"$schemn": "http://json-schena. org/draft-04/ schema#",
"definitions": {},
"id": "http://www.ietf.org/ mans/ nx_path _est results.json",
"properties": {
"message_type" : {"$ref": "nx_base def.json#/ nessage type def"},
"sequence_num' : {"$ref": "nx_base_def.|son#/ sequence_num def"},
"version" : {"$ref": "nx_base def.]json#/ version_def"},
"uni que_session_id" : { "$ref": "definitions.json#/ uni que_session_id
1 }’
"active_probe results": {
"properties": {
"avg_tput | ast_probe_duration_Mps": {
"maxi muni: 100,
“mnimun': 1,
"type": "nunber”
}
}
"type": "object”
}
“connection_id": { "$ref" : "definitions.json#/ connection_id" },
"init_probe results": {
"properties": {
"| ost _probes _percentage": {
"maxi munt: 100,
"m ni munt': 1,
"type": "integer"
"probe_ rate Mops": {
"maxi munt: 100,
"m ni munt': 1,
"type": "nunber”

}

’ype": "obj ect"
}
}, |
n ypeII : IlobJ eCt n
}

6. 16. MX SSID | ndicati on
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{
"$schemn": "http://json-schena. org/draft-04/ schema#",
"definitions": {},
"id": "http://ww.ietf.org/ mans/ nx_ssid_indication.json",
"properties": {
"message_type" : {"$ref": "nx_base_def.]json#/ nessage type de
£},
"sequence_num' : {"$ref": "nx_base_def.]son#/ sequence_num de
£},
"version" : {"$ref": "nx_base_def.]json#/ version_def"},
"ssid list": {
"items": {
"properties” : {
"ssid type": { "$ref" : "definitions
. son#/ssid_types" },
"ssid_id" : {
"type" : "integer"
}

}

’ype": "array"”

}

},
ype": "object”

}
6.17. MX Measurenents Configuration
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"$schemn": "http://json-schena. org/draft-04/ schema#",
"addi tional Properties": false,
"definitions" : {
"meas_conf" : {
“connection_id" : { "$ref" : "definitions.json#/ connection_i
d" },
"connection_type" : { "$ref" : "definitions.json#/ connection
_type" },
"meas_rep_conf" : {
"items" : { "$ref"” : "definitions.json#/ nmeas_report _
conf" },
"type" : "array"
}
}
}
“id": "http://ww.ietf.org/ mans/ nx_neasur enent _conf.json",
"properties": {

"message_type" : {"$ref": "nx_base_def.]son#/ message_type def"},
"sequence_num' : {"$ref": "nx_base_def.]son#/ sequence_num def"},
"version" : {"$ref": "nx_base_def.json#/ version_def"},

"“measurenment _configuration” : {
"itenms" : {"$ref" : "#definitions/neas_conf" },
"type" : "array"”
}
}

"’ype": "obj ect™

6.18. MX Measurenents Report
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{
"$schemn": "http://json-schena. org/draft-04/ schema#",
"definitions": {},
“id": "http://ww.ietf.org/ mans/ nx_measur enent _report.json",
"properties": {
"message_type" : {"$ref": "nx_base_def.]json#/ nessage type de
f"},
"sequence_num' : {"$ref": "nx_base_def.]son#/ sequence_num de
f"},
"version" : {"$ref": "nx_base_def.]json#/ version_def"},
"uni que_session_id" : { "$ref": "definitions.json#/ unique_se

ssion_id" },
"measurnment _reports": {
"items": {
"properties": {
"connection_id": {

"$ref" . "definitions.json#/ connection_id"
b
"connection_type" : {
"$ref" : "definitions.json#/
connection_type"
}
"delivery node_id" : {
"$ref" : "definitions.json#/
delivery_node_i d"
1

"measurenents”: {
"items": {
"properties": {
"measurenent _type": {

"$ref" : "definitions.json#/ nmeas_report_pa
r ant
}
"measur enent _val ue": {
"type": "integer"
}
}, |
"type": "object”
}
"type": "array"
}
}, |
"type": "object”
"iype": "array"
}

’ype": "obj ect”
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6.19. MX Keep Alive Request

{
"$schemn": "http://json-schema. org/draft-04/ schema#",
"addi ti onal Properties": false,
"id": "http://ww.ietf.org/ mans/ nx_keep_alive_req.json",
"properties": {

"message_type" : {"$ref": "nx_base_def.]son#/ nessage_type def"},
"sequence_nuni : {"$ref": "nx_base_def.json#/ sequence_num def"},
"version" : {"$ref": "nx_base_def.]json#/ version_def"},
"keep_alive_reason” : {"$ref": "definitions.json#/ keep_alive_reason"

1
"uni que_session_id" : {"$ref": "definitions.json#/ uni que_session_id"
}s
"“connection_id" : {"$ref": "definitions.json#/ connection_id"},
“delivery_node_id" : {"$ref": "definitions.json#/ connection_id"}
b
"type": "object”
}
6.20. MX Keep Alive Response
{ _
"$schemn": "http://json-schema. org/draft-04/schema#",
"addi tional Properties": false,
“id": "http://ww.ietf.org/ mans/ nx_keep_alive_rsp.json",
"properties": {

"message_type" : {"$ref": "nx_base_def.]son#/ message_type_def"},
"sequence_num' : {"$ref": "nx_base_def.]son#/ sequence_num def"},
"version" : {"$ref": "nx_base_def.]son#/ version_def"},

"uni que_session_id" : {"$ref": "definitions.json#/ uni que_session_id"
}
}, |
"type": "object”
}

6.21. MX Session Term nati on Request
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{
"$schemn”: "http://json-schenma. org/draft-04/ schema#",
"addi tional Properties": false,
“id": "http://ww.ietf.org/ mans/ nx_keep_alive_req.json",
"properties": {

"message_type" : {"$ref": "nx_base_def.]son#/ message_type_def"},
"sequence_num' : {"$ref": "nx_base_def.|son#/ sequence_num def"},
"version" : {"$ref": "nx_base def.]json#/ version_def"},

"uni que_session_id" : { "$ref": "definitions.json#/ unique_session_id
"y
"reason" : {
"enum' : [
" MX_NORMAL_RELEASE",
" MX_NO_RESPONSE",
" | NTERNAL _ERROR"
1,
"type" : "string"
}
}, |
"type": "object”
}
6.22. MX Session Term nation Response
{ _
"$schemn": "http://json-schena. org/draft-04/ schema#",
"addi tional Properties": false,
“id": "http://ww.ietf.org/ mans/ nx_session_term nation_resp.json",
"properties": {

"message _type" : {"$ref": "nx_base def.json#/ nessage type def"},
"sequence_num' : {"$ref": "nx_base_def.]son#/ sequence_num def"},
"version" : {"$ref": "nx_base_def.json#/ version_def"},

"uni que_session_id" : { "$ref": "definitions.json#/ uni que_session_id
"}
¥
"type": "object”
}

7. Exanples in JSON

7.1. MX Di scover

{
"version" : "1.0",
"message_type" : "nx_discover",
"sequence_nunt : 1

}
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7.2. MX System Updat e

{
"“version" : "1.0",
"message_type" : "nx_system.info",
"sequence_nuni : 2,
"ncm.connections" |
{
"“connection_id" : O,
"connection_type" : "lte",
"ncmend _point" : {
"ip_address" : "192.168.1.10",
"port" : 1234
}
b
{
“connection_id" : 1,
"connection_type" @ "wifi",
"ncmend_point" : {
"i p_address" : "192.168.1.10",
"port" : 1234
}
}
]
}
7.3. MX Capability Request
{ _
“version" : "1.0",
"message_type" : "nx_capability req",
"sequence_num' : 3,
"feature_active" : |
{
"feature_nane" : "l ossless _swtching”,
"active" : true
b
{
"feature_name"” : "fragnmentation®
"active" : false
}
1,
"num anchor _connections" : 2,
"anchor _connections” : [
{
"“connection_id" : O,
"“connection_type" : "lte"
b
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{
"“connection_id" : 1,
"connection_type" "w i
}
],
"num_del i very_connections" : 2,
"del i very_connections" : |
{
"“connection_id" : O,
"connection_type" "Ite"
¥
{
“connection_id" : 1,
"connection_type" "wfi"
}
],
"convergence_net hods" : |
{
"met hod" : "Trail er _Based",
"supported" : true
¥
{
“met hod" : " MPTCP_Proxy",
"supported" : false
}
],
"adapt ati on_net hods" : |
{
“met hod" : "UDP_wi t hout DTLS",
"supported" : false
1
{
"met hod" : "UDP_with_TLS",
"supported"” : false
¥
{
“met hod" : "I PSec",
"supported" : true
¥
{
"met hod" : "dient NAT",
"supported" : false
}
]
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{

"version" "1.0",
"message_t ype"
"sequence_nun' : 3,

"feature_active" : |
{
"f eature_nane"
"active" true
1,
{
"feature_nane" "fragnmentation”
"active" fal se
}
1,
“num anchor _connections" : 2,
"anchor _connecti ons” [
{
"“connection_id" 0,
"connection_type" : "lte"
}
{
"connection_id" 1,
"connection_type" @ "wfi"
}
1,
“num del i very_connections" : 2,
"delivery _connections" : [
{
"“connection_id" 0,
"connection_type" : "lte"
b
{
"“connection_id" 1,
"connection_type" : "wifi"
}
1,
"conver gence_net hods" [
{
"met hod" "Trail er Based",
"support ed" true
b
{
" met hod" " MPTCP_Pr oxy",
"supported"” : false
}

Agarwal , et al.
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"adapt ati on_net hods" : |
{
“met hod" : "UDP_w t hout DTLS",
"supported" : false
1
{
"met hod" : "UDP with TLS",
"supported” : false
1
{
“met hod" : "I PSec",
"supported" : true
1
{
"met hod" : "dient NAT",
"supported"” : false
}
1,
"uni que_session_id" : {

"ncmid" : 110,
"session_ id" : 1111

}
}
7.5. MX Capacity Ack
{ .
"version" : "1.0",
"message_type" : "nx_capability_ack",
"sequence_nuni : 3,
"uni que_session_id" : {
"ncm.id" : 110,
"session_id" : 1111
}
“capability _ack" : "MX ACCEPT"
}

7.6. MX Reconfiguration Request
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{
"version" : "1.0",
"message_type" : "nx_reconf_req",
"sequence_nunt : 4,
"uni que_session_id" : {

"ncm.id" : 110,
"session_id" : 1111

}
"reconf _action" : "setup",
"connection_id" : O,
“i p_address" : "192.168.110.1",
"ssid" : "SSID 1",
"mu_size" : 1300,
"connection_status" : "connected",
"delivery node_id" : "2Al12C

}

7.7. MX Reconfiguration Response

{ .
"version" : "1.0",
"message_type" : "nx_reconf_rsp",
"sequence_nunt : 4

}

7.8. MX UP Setup Configuration Request
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{
"version" : "1.0",
"message_type" : "nmx_up_setup_conf_req",
"sequence_nunt : 5,
“num anchor _connections" : 1,
"anchor _connections" : |
{
"“connection_id" : O,
"connection_type" : "lte",
"convergence_met hod" : "MPTCP_Proxy",
"conver gence_net hod_parans" : {
“proxy_ip" : "192.168.1.1",
“proxy_port" : 1234
"num del i very_connections" : 2,
"del i very_connections" : |
{
"connection_id" : O,
"connection_type" : "lte"
s
{
"“connection_id" : 1,
"“connection_type" : "wfi",
"adapt ation_net hod" : "I PSec",
"adapt ati on_net hod_parant :
“tunnel _ip_addr" : "192.168.
3.3",
"tunnel _end _port" : "NA",
"shared_secret" : "abcdefgl2
345"
}
}
]
}
]
}

7.9. MX UP Setup Confirmation
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{
"version" : "1.0",
"message_type" : "nx_up_setup_cnf",
"sequence_nunt : 5,
"uni que_session_id" : {
"ncm.id" : 110,
"session_id" : 1111
}
"probe_param' : {
"probe_port" : 48700
},
"num_ del i very_conn" : 2,
"“client_parans" @ [
{
"“connection_id" : O,
"adapt _param’' : {
"udp_adapt _port" : 51000
}
b
{
“connection_id" : 1,
"adapt _param’' : {
"udp_adapt _port" : 52000
}
}
]
}
7.10. MX Traffic Steering Request
{ _
"version" : "1.0",
"message_type" : "nx_traffic_steering req",
"sequence_nunt : 6,
"“connection_id" : O,
"downl i nk_del i very" : [
{
“connection_id" : O
b
{
“connection_id" : 1
}
. _
"uplink_delivery" : [
“ul _tft" o {
"renote_addr _mask" : "10.10.0.0/24",
"l ocal _addr _mask" : "192.168.0.0/24",

Agarwal , et al. Expi res January 4, 2018 [ Page 55]



I nternet-Draft MAMS C-pl ane JSON July 2017

"protocol _type" : 6,

"l oca_port_range" : {
"start" : 100,
"end" : 1000

}

’ennte_port_range" A
“start" : 100,
"end" : 1000

"iraffic_class" . 20,
“flow | abel" : 100
1

"conn_list" : [

"“connection_id" : O

"connection_id" : 1

S
{
3
{
}

ul _tft" : {
"renote_addr _nmask" : "10.10.0.0/24",
"l ocal _addr _mask" : "192.168.0.0/24",
"protocol type" : 6,
"l ocal _port_range" : {
"start" : 2000,
"end" : 2000
}
"renote_port_range" : {
"start" : 100,
"end" : 1000

}

’raffic_class" . 20,
"flow_|abel™ : 50
}

"conn_li

"“connection_id" : O
"connection_id" : 1

}

eature_activation" : |

]
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"dl _aggregation”,

"ul _aggregation",

"l ossl ess_sw tching",

"fragnentation”,

{
"f eature_nane"
"active" true
1
{
"f eat ure_nane"
"active" fal se
}
]
}
7.11. MX Traffic Steering Response
{ .
"version" "1.0",
"message_t ype" "nx_traffic_steering rsp”,
"sequence_nunt 0,
"uni que_session_id" : {
"ncm.id" 110,
"session_id" 1111
1,
"feature_activation" : |
{
"f eat ure_nane"
"active" true
1
{
"f eature_nane"
"active" fal se
}
]
}
7.12. MX Path Estimation Request
Agarwal , et al. Expi res January 4, 2018
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"version" : "1.0",

"message_type" : "nx_path_est _req",
"sequence_nunt : 7,

"“connection_id" : O,
"init_probe_test_duration_ns" : 100,
"init_probe_test_rate_ Mps" : 10,
"init_probe_size bytes" : 1000,
"init_probe_ack req" : "yes",
"active_probe freq_ns" : 10000,
"active_probe_size bytes" : 1000,
"active_probe_duration_sec" : 10,
"active_probe_ack _req" : "no"

7.13. MX Path Estinmati on Results

"version" : "1.0",
"message_type" : "nx_path_est _results"”,
"sequence_nunt : 8,
"uni que_session_id" : {
"ncmid" : 110,
"session_id" : 1111
}
"“connection_id" : O,
"init_probe results" : {
"l ost _probes_percentage" : 1,
"probe_rate Mops" : 9.9
1
"active_probe_results" : {
"avg_tput | ast_probe_duration_Mps" : 9.8
}

}
7.14. MX SSID | ndicati on
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{
"version" : "1.0",
"message_type" : "nx_ssid_indication"
"sequence_nunt : 9,
"ssid list" @ |
{
"ssid_type" : "ssid",
"ssid_id" : "SSID 1"
b
{
"ssid_ type" : "bssid",
"ssid_id" : "xxx-yyy"
}
]
}
7.15. MX Measurenents Configuration
{ _
"version" : "1.0",
"message_type" : "nx_neasurenment_conf",
"sequence_nunt : 10,
“measurenent _configuration" : |
{
"“connection_id" : O,
“connection_type" : "w-fi",
"meas_rep_conf" |
{
"meas_rep_parant’ : "WLAN RSSI",
"meas_t hreshol d" : {
“hi gh" : -10,
"low' : -15
}
"meas_period_ns" : 500
1
{
"meas_rep_parant : "W.AN _LQAD',
"meas_threshol d" : {
“high" : -10,
“low' : -15
b
"meas_period _ns" : 500
{,
"meas_rep_paramt’ : "EST_UL_TPUT",
"meas_t hreshol d" : {
“high" : 100,
"low' : 30
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1
"meas_period_ns"
}
]
“connection_id" : 1,
“connection_type" : "lte",
"meas_rep_conf" |
{
"meas_rep_parant
"meas_t hreshol d"
“high" : -10,
"low' : -15
1
"meas_period_ns"
¥
{
"meas_rep_parant
"nmeas_t hreshol d" :
“hi gh" : -10,
"low' : -15
1
"meas_period_ns"
}

7.16. MX Measurenments Report

Agar wal ,

et al.
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{
"version" : "1.0",
"message_type" : "nx_nmeasurenment _report",
"sequence_nunt : 11,
"uni que_session_id" : {
"ncm.id" : 110,
"session_id" : 1111
¥
"measurnment _reports" : |
{
"“connection_id" : O,
"connection_type" @ "wi-fi",
"delivery_node_id" : "2021A"
"measurenments” |
{
"measurenment _type" : "W.AN_RSSI ",
"measur enent _val ue" : -12
1
{
“measurenent _type" : "UL_TPUT",
"nmeasur enent _val ue" : 10
b
{
“measurenent _type" : "EST_UL_TPUT",
"measur enent _val ue" : 20
}
]
s
{
"connection_id" : 1,
"connection_type" : "lte",
"delivery node_id" : "12323",
"measurenents” |
{
"measurenent _type" : "LTE_RSRP",
"measurenent _val ue" : -12
s
{
"measurenment _type" : "LTE_RSRQ
"measur enent _val ue" : -12
}
]
}
]
}
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7.17. MX Keep Alive Request

{
"version" : "1.0",
"message_type" : "nx_keep_alive_req",
"sequence_num' : 12,
"keep_alive_reason" : "Handover",
"uni que_session_id" :
"ncmid" : 110,
"session_id" : 1111
},
"connection_id" : O,
"delivery_node_id" : "2021A"
}
7.18. MX Keep Alive Response
{ _
"version" : "1.0",
"message_type" : "nx_keep_alive_rsp”,
"sequence_nunt : 12,
"uni que_session_id" : {
"ncmid" : 110,
"session_id" : 1111
}
}
7.19. MX Session Term nati on Request
{ _
"version" : "1.0",
"message_type" : "nx_session_termnation_req",
"sequence_nunt : 13,
"uni que_session_id" : {
"ncmid" : 110,
"session_id" : 1111
},
"reason" : "MX_NORVAL_ RELEASE"

}

7.20. MX Session Term nation Response
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{
"version" : "1.0",
"message_type" : "nx_session_termnation_resp",
"sequence_nunt : 13,
"uni que_session_id" : {
"ncm.id" : 110,
"session_id" : 1111
}
}
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Appendi x A. I nplenmentation Exanple

A sinple client side inplenentation using python can be as foll ow ng:
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#! [/ usr/ bi n/ env python
i nport asynci o

i nport websockets

i mport json

i nport ssli

i mport tine

i mport sys

context = ssl.SSLCont ext (ssl.PROTOCOL_TLS)

context.verify node = ssl.CERT_REQUI RED

cont ext.set _ci phers("RSA")

cont ext. check_host nanme = Fal se
context.load_verify_| ocations("/hone/ mecadm n/certs/rootca. pent)

di scoverMsg = {’version’:" 1.0,
'message_type’:’ nx_discover’}

MXCapabilityRes = { "version’ :"1.0’
'nmessage_type’:’'nx_capability_res’,

"FeatureActive :[{ feature_nane’:’fragnentation , ’'active' :'yes'}, { feature
_nanme’ :’lossless_switching’, 'active :’yes'}],

"num _anchor _connections’: 1,

"anchor _connections’:[{’ connection_id :0, ’'connection_type :’'lte }],

"num del i very_connections’: 1,
"delivery_connections’ :[{ connection_id :1, 'connection_type :"wifi"}],
"convergence_nethods’:[{ ' nethod’ : trail er_based, ’'supported :’true’}],
"adaptation_nmethods’ :[{ nmethod :’client_nat’, ’'supported :’false’}]

}

async def hello():

async with websockets.connect(’  wss://I1ocal host: 8765, ssl=context) as we
bsocket :

try:
| oopFl ag=Fal se
whil e True:

awai t websocket. send(j son. dunps(di scover Msg))
j son_nessage = await websocket.recv()

nmessage = json. | oads(json_nessage)

if "message_type" in nmessage. keys():

print("Recieved nessage: {}".fornmat (nmessage[ " nessage_type"]), "ver

sion:{}".format (nmessage[ "version"]))

i f message[ "nessage _type"] == "nx_capability _reqg"
awai t websocket . send(j son. dunps(MXCapabilityRes))
| oopFl ag=Tr ue
whi | e(| oopFl ag==Tr ue) :

pass
except:
print("Cient stopped")

asynci o. get _event | oop().run_until_conplete(hello())
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A server client side inplenentation using python can be as follow ng:

#! [/ usr/ bi n/ env pyt hon
i nport asynci o

i nport websockets

i mport json

i mport ssli

ctx = ssl.SSLCont ext (ssl.PROTOCOL_TLS)

#ct x. set _ci pher s(" RSA- AES256- SHA")

ctx.load verify | ocations("/honme/ mecadm n/certs/rootca. pemt')
certfile = "/home/ mecadm n/ certs/server. penf

keyfile = "/honme/ mecadm n/ certs/serverkey. pent

ctx.load _cert_chain(certfile, keyfile, password=None)

MXCapabilityReq = { ’version’ :’ 1.0,
'message_type’ :’'nx_capability req’,

"FeatureActive :[{ feature_nane’ :’fragnentation’, 'active' :’yes'}, { feature
_nane’ :’lossless_switching', 'active :’yes'}],

"num anchor _connections’:1,

anchor _connections’:[{’ connection_id :0, 'connection_type :'Ilte }],

num del i very_connections’: 1,
delivery_connections’:[{’ connection_id :1, 'connection_type :"wfi"}],

}

convergence_nethods’ :[{ ' nethod’ : trailer_based’, 'supported :’true’'}],
adaptation_nethods’:[{ ' nethod':’client_nat’, ’supported :’'false’ }]
async def hell o(websocket, path):
try:

whil e True:

nane = await websocket.recv()
nsg = j son. | oads(namne)
if "message_type" in nmeg. keys():
print("Recieved nessage: {}".format (nsg["nessage type"]), "version:{}
.format (nmsg["version"]))
if nmsg[’ message_type’'] == 'nx_discover’:
awai t websocket . send(j son. dunps( MXCapabi lityReq))

except:
print("client disconnected")

try:
start_server = websockets.serve(hello, 'local host’, 8765, ssl =ctx)

asynci o. get _event | oop().run_until _conplete(start_server)
asynci o. get _event | oop().run_forever ()
except :

print("server stopped")
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