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1
Introduction

This document discusses aspects for Session Management for NR MBS for both, multicast and broadcast.
2
Discussion

2.1
Terminology

The following terms are defined in TR 23.757 [1]:

Broadcast session: A session to deliver the broadcast communication service. A broadcast session is characterised by the content to send and the geographical area where to distribute it.
Multicast session: A session to deliver the multicast communication service. A multicast session is characterised by the content to send, by the list of UEs that may receive the service and optionally by a multicast area where to distribute it.

Observation 1:
We observe from the definitions of “Broadcast session” and “Multicast session” in TR 23.757 that the 5GC decides whether an NR MBS Session is realised in broadcast or multicast mode, i.e. with knowledge about interested UEs (multicast) or without (broadcast), i.e. the NG-RAN cannot change such decision.

Further definitions from TR 23.757 [1]:

5GC Individual MBS traffic delivery: 5G CN receives a single copy of MBS data packets and delivers separate copies of those MBS data packets to individual UEs via per-UE PDU session.

NOTE 4:
It will be determined based on the selected solutions whether the 5GC Individual delivery method is supported.

5GC shared MBS traffic delivery: 5G CN receives a single copy of MBS data packets and delivers a single copy of those MBS data packets to a RAN node.

NOTE 5:
For 5GC shared MBS traffic delivery the RAN node either delivers a single copy of MBS data packets over radio to a set of UEs (PTM) or delivers separate copies of MBS data packets over radio to individual UEs (PTP).
Observation 2a: Following observation 1 and the definitions in TR 23.757 on 5GC shared/individual MBS traffic delivery , we deduce that the 5GC may decides on a per UE basis whether certain 5MBS content delivery is realised by means of shared NR MBS transport or legacy individual transport. As the individual delivery is performed by means of a PDU Session, one could deduce that the decision to use individual delivery stems from an application layer decision, which prevents the UE from joining an NR MBS multicast session. Such decision would be then transparent to NG-RAN. We further assume that individual delivery is only applicable for multicast. 
Observation 2b: Taking into account the discussions on support of gNBs not supporting NG-MBS, we understand that one should rather denote the case where the application function decides to provide user data of a MBS service via UE dedicated transport as “unicast delivery” whereas the term “individual delivery” should be only used for the delivery method to UEs that have joined a multicast service but move into a non-supporting area.
2.2
Overall interaction between 5GC and NG-RAN for NR MBS Session control

SA2 studies in TR 23.757 [1] depict the following (main) possibilities w.r.t. NR MBS Session control:

2.2.1
Setup of UP resources for NR MBS user data transport

2.2.1.1
Setup of UP resources - Multicast
As can be seen in TR 23.757, there are 3 possibilities:

1)
(solution #2) the UP path from the Application Function (AF) to the MB-UPF to the NG-RAN node is setup at Session Start. Apart from knowledge of UEs having joined the NR MBS Session, there is no NR MBS bearer context established in any of the entities.

2)
(solution #3) there is no “Session Start” event: when the UE is able to join an NR MBS Session, the UP path towards that NG-RAN node is established.

3)
A combination of both, i.e. preparing the UP-distribution tree in NG-RAN by at least allocating UP resources within the gNB-CU-UP, i.e. selecting/preparing the SDAP/PDCP entity distributing NR MBS multicast data and the N3 transmission.
Observation 3:
There are different SA2 assumptions wrt to user data transport setup for multicast. It would be beneficial to clarify the timeline in relation to session start. This may serve as input for discussions on the Reply LS to SA2 [2].
2.2.1.2
Setup of UP resources - Broadcast
TR 23.757 features two solutions for Broadcast start: solutions #5 and #9. 

Both solutions foresee a hierarchical setup of Control Plane and User Plane resources via SMF/AMF/NG-RAN (CP) and UP/NG-RAN (UP).

From an NG interface point of view it can be assumed that RAN solutions can be designed that foresee broadcast and multicast sharing the same functions with minor differences.

Observation 4:
NG interface protocol functions for multicast and broadcast seem to be very similar and could share the same approach.
2.2.1.3
NG-U transport
As can be seen in TR 23.757, the following has been agreed (§8.1.1):

-
For N3 transport of the shared delivery method, GTP-U tunnelling using a transport layer IP multicast method and shared N3 (GTP-U) Point-to-Point tunnel shall be supported with support for QoS.

The following can be deduced: IP multicast and point to point IP transport layer will both use GTP-U tunnelling.

Observation 5a: Point-to-point GTP-U tunnelling for NR MBS on NG-U will follow the same principles as for unicast services, i.e. exchange of UL and DL TEIDs between the NG-RAN and the 5GC, assuming both TEIDs are needed due to the applicability of path management messages (see TS 29.281).

Observation 5b: IP multicast GTP-U tunnelling for NR MBS requires provision of a C-TEID to the NG-RAN (see TS 29.281), the NG-RAN node will join the bearer service on (IP) transport layer.

2.2.1.4
MBS Session Resource control issued by several AMFs
UEs may be served by different AMFs connected to the same NG-RAN node, all of them maintaining UE Context data of UEs that have joined the same MBS multicast session.

Therefore, at start of user data transmission an NG-RAN node may receive the request to establish MBS Session Resources for an MBS multicast session from several AMFs. The same may happen at stop or modification of MBS Session Resources.

Therefore, NG-RAN node should be prepared to receive MBS Session Resource control signalling from more than one AMF for the same MBS multicast session.

The same may apply for broadcast session for redundancy reasons.

Observation 6: NG-RAN specification should cater for the case where an NG-RAN node receives MBS Session Resource control signalling for the same MBS Session from several AMFs.

2.1.2
UEs joining the NR MBS Session (multicast only)

SA2 identified 2 solutions, see TR 757: UE joins via NAS signalling or inband via IGMP signalling. SA2 agreed that support of joining via NAS signalling is mandatory, joining via IGMP is still under discussion.
Wrt joining via NAS, 2 main solutions are under discussion.

1)
(solution #2) The UE relevant context(s) are available in the AMF and (for CM-CONNECTED UEs) in the NG-RAN node. The MB-SMF only holds Session context relevant for the user data distribution.

2)
(solution #3) It is the SMF that holds UE specific session context, the AMF performs arbitration of SMF signalling as for unicast, where the AMF is aware of the SMFs involved per PDU Session but transparent to actual PDU Session context information.
Observation 7:
Wrt the method applied for a UE joining a multicast NR MBS Session, there is no difference from an NG-RAN function point of view. Should it be the AMF w/o or with SMF involvement is of minor relevance to NG-RAN, if at all.
2.3
Session Management Data structure in NG-RAN interfaces

2.3.1
Unicast Session Management in NG-RAN interface signalling up to Rel-16
NG-C

The following control structure was implemented on NG-C for PDU Session Management and is reflected in the UE Context data available at an NG-RAN node.

Request for PDU Session Resources (5GC to NG-RAN)

non PDU-Session-Resource related UE Context Data
PDU Session Resource Setup List (1..256)
   PDU Session ID 
   PDU Session NAS PDU
   S-NSSAI
   PDU Session Resource Setup Request Transfer (Transparent SMF container)
      PDU Session AMBR
      UL NG-U UP TNL Address
      PDU Session Type (ipv4v6, ethernet, unstructured ...)
      Security Indication (UP IP on/off, UP CP on/off)
      Network Instance
      QoS Flow SetupRequest List (1..64)
          QoS Flow ID
          QoS Flow Level QoS Parameters
Response PDU Session Resources (NG-RAN to 5GC):

PDU Session Resource Setup List (1..256)
   PDU Session ID
   PDU Session Resource Setup Response Transfer (Transparent SMF container)
      DL NG-U UP TNL Address (plus QoS flow associated to it)
      secondary DL NG-U UP TNL Address (plus QoS flow associated to it) for split session for MR-DC

While the actual Session Management related content is exchanged between the NG-RAN node and the SMF directly, i.e. transparent to the AMF, the AMF still has the role of routing SMF containers, due to the SMF being agnostic for the NG-RAN nodes “behind” the AMF.
Xn-C

Xn-C signalling, i.e. procedures for Handover, UE Context Retrieval and MR-DC “inherit” the PDU Session Resource control structure on NG-C. There is no principle difference on the nature of information passed in between the NG-RAN nodes involved in the above-mentioned procedures.

E1

E1AP still follows the UE Context structure from NGAP and XnAP, i.e. a single UE associated signalling connection transports PDU Session Resource information On E1, PDU Session Resource control signalling still displays “UE Contexts”, but focus on control of the higher layers of the radio bearers with the UE Context structure rather displaying protocol design.
F1

F1AP still follows the UE Context structure from NGAP and XnAP, i.e. a single UE associated signalling connection transports PDU Session Resource information On E1, PDU Session Resource control signalling still displays “UE Contexts”, but focus on control of lower layers of the radio bearers, with the UE Context structure providing additional scheduling information (UL boundaries).
2.3.2
Extension of Session Management to support NR MBS

For NR MBS, 2 kinds of NR MBS Session Management control functions have to be realized:

1)
control of the shared NR MBS Session resources

2)
for multicast, information which NR MBS Session the UE has joined

2.3.2.1
Control of shared NR MBS Session resources - NR MBS bearer context:

-
while for unicast communication PDU Session Resources are controlled on a per UE basis, for NR MBS, a per-NR-MBS Session common resource needs to be controlled.

-
while the PDU Session Resource procedures could be partly re-used - functionally - they probably have to be only enhanced by some NR MBS Session ID and other information (e.g. service area), we rather advocate to define new procedures on NG-RAN interfaces. Therefore, new procedures are expected which control the setup, modification and release of NR MBS Session resources:
-
in NGAP, a set of MBS Session Resource control procedures for setup, modification and release of MBS Session Resources. Whether and how those control procedures coincide with the MBS Session Start/Stop functionality presented in some of the solutions in TR 23.757 needs to be seen, see another observation above.

-
NR MBS Session Resource control procedures would need to carry

-
NR MBS Session identifier (TMGI, ...)

-
NR MBS Session specific information (not present in PDU Session), like service area etc.

-
information equivalent to PDU Session descriptor with QoS flow(s) descriptors etc.

-
Control of shared NR MBS Session resources are expected to be similar for multicast and broadcast.

-
while PDU Session control signalling on NGAP use UE associated signalling, signalling for MBS Session Resources could use an equivalent method, the term “UE” associated signalling however doesn’t seem to be appropriate. It could be also discussed whether one NGAP MBS Session Resource procedure instance is allowed to carry data of several MBS Sessions (some FFS in Annex B included), which could allow efficient signalling e.g. in case of local MBS services (but this is FFS and dependent on final decisions in SA2.).

-
F1AP session control would depend on RAN1/2 discussions, especially regarding differences between multicast and broadcast delivery.

Observation 8:
Establishment of multicast/broadcast NR MBS Session Resources at NG-RAN appears to require equivalent functions as compared to the PDU Session Resource Control functions for unicast sessions, however, it seems advantageous to define a new set of procedures. 
On NGAP, there seems to be only minor differences between multicast and broadcast delivery which would advocate for a common set of functions, on F1AP this needs to be seen and is dependent from RAN1/2 results.

Proposal 1:
Introduce NGAP procedures to control the setup, release and modification of MBS Session Resources. Those procedures are very similar to the PDU Session Resource procedures, a first draft of NGAP text is provided in Annex B. Agree that those MBS Session Resource procedures use a signalling method equivalent to the UE-associated signalling.

2.2.2.2
For multicast, information which NR MBS Session the UE has joined.

A natural place for storing information whether the UE has joined an NR MBS Session is the UE Context, with the understanding that the NG-RAN node would need to keep track whether, how many and which UEs with UE Contexts in the NG-RAN node have joined a NR MBS Session and are expecting NR MBS user data delivery. The UE Context would be beneficial, as NR MBS Session information will be passed on at mobility to the affected NG-RAN node, no additional signalling (e.g. in between the NR MBS Session Resource contexts) would be necessary.
In discussions at the last meeting we have observed that for basic functionality the NR MBS multicast additions within the UE Context would probably only need a list of NR MBS Session IDs the UE has joined. (Basic functionality == w/o interworking towards non-supporting nodes, probably w/o dual connectivity).
Looking into TR 23.757, implicitly as part of many solutions and explicitly in solution #3, there seems to be a couple of approaches possible, which also take into account support of NR MBS multicast delivery in non-supporting NR-RAN nodes (“individual delivery”) which in our view would have an effect on NG-RAN interface signalling design: within the UE Context
Observation 9:
Without the requirement to support individual delivery (in our view only applicable to non-supporting gNBs) UE context data within NG-RAN would only need to contain a reference to a (probably globally unique) NR MBS Session ID. With this requirement we have to go through an exercise to search for an advantageous protocol design, which require better understanding of the required functions.

We have identified two basic options to realise NR MBS related UE Context content, taking into account the requirement for interworking with non-supporting nodes:

option 1)
introduce a separate NR MBS Session Resource List, included on the same level as the PDU Session Resource List.
option 1.1) introduce within the separate NR-MBS Session resource list information to which (default) PDU Session/QoS flows multicast data would be mapped in case of “individual delivery”.

option 2)
a list of MBS Session information items integrated in the legacy PDU Session Resource List, each PDU Session Resource Item contains on top of unicast information MBS Session related information. This would allow re-using the existing structure which aids interworking with non-supporting nodes.
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Figure 1: NR MBS Session UE Context structure - 2 options.
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Figure 2: NR MBS Session resource model - UE Context related to the NR MBS Resource Context
ad option 1)
the MBS Session Resource info separated from legacy PDU Session Resource list, with the addition of MBS specific information, see additions below in red
Request for PDU Session Resources (example: 5GC to NG-RAN)

non PDU-Session-Resource related UE Context Data
PDU Session Resource Setup List (1..256)
   PDU Session ID
...etc. 
MBS Session Resource Setup List (0..n)
   MBS Session ID
   PDU Session NAS PDU (response to the NAS join)
   S-NSSAI (may be specific for NR MBS Session)
   MBS Session Resource Setup Request Transfer (Transparent SMF container)
      TMGI (or any other link to a service/session identifier)
      and other parameters

Response PDU Session Resources (example: NG-RAN to 5GC):

PDU Session Resource Setup List (1..256)
   PDU Session ID
   PDU Session Resource Setup Response Transfer (Transparent SMF container)
      DL NG-U UP TNL Address (plus QoS flow associated to it)
MBS Session Resource Setup List (0..n)
   MBS Session ID
   MBS Session Resource Setup Response Transfer (for basic service probably empty)

ad option 2)
the MBS Session Resource info integrated in the existing PDU Session Resource list, with the addition of MBS specific information, see additions below in red
Request for PDU Session Resources (5GC to NG-RAN)

non PDU-Session-Resource related UE Context Data
PDU Session Resource Setup List (1..256)
   PDU Session ID 
   PDU Session NAS PDU (response to the NAS join)
   S-NSSAI (may be specific for NR MBS Session)
   PDU Session Resource Setup Request Transfer (Transparent SMF container)
      PDU Session AMBR
      UL NG-U UP TNL Address (of no relevance, can be ignored)
      PDU Session Type (ipv4v6, ethernet, unstructured ...)
      Security Indication (UP IP on/off, UP CP on/off) (expected to be off)
      Network Instance
      QoS Flow SetupRequest List (1..64) (only a single QoS flow expected)
          QoS Flow ID
          QoS Flow Level QoS Parameters
      new: TMGI (or any other link to a service/session identifier)
Response PDU Session Resources (NG-RAN to 5GC):

PDU Session Resource Setup List (1..256)
   PDU Session ID
   PDU Session Resource Setup Response Transfer (Transparent SMF container)
      DL NG-U UP TNL Address (plus QoS flow associated to it) (can be ignored)
      explicit indication that UE Context has a MBS Session entry
Observation 10: There are 2 options conceivable to extension of the existing PDU Session Resource Control structure within the UE associated signalling for NR MBS purpose.

As discussed above, additions to UE Context data structure is expected on all interfaces. It needs to be seen, based on detailed stage 2/3 discussions, whether a separate or integrated approach is more advantageous. Probably we need to have a per interface discussion, based on required functions like interworking to non-supporting nodes, dual connectivity, mobility scenarios etc.

Observation 11: As discussed above, It appears to us that the merits of the two approaches depend on final stage 2/functional details, partly still to be developed in SA2, partly in RAN WGs.
Proposal 1:
We propose to acknowledge the possibility of the approaches for NR MBS Session related UE associated signalling and keep those two options open when discussing various stage 2/3 details.
3
Conclusion and Proposals
We had a first in-depth review of findings from the TR 23.757 and NG-RAN aspects for NR MBS Session Resource control.
The following can be observed:

Observation 1:
We observe from the definitions of “Broadcast session” and “Multicast session” in TR 23.757 that the 5GC decides whether an NR MBS Session is realised in broadcast or multicast mode, i.e. with knowledge about interested UEs (multicast) or without (broadcast), i.e. the NG-RAN cannot change such decision.

Observation 2a: Following observation 1 and the definitions in TR 23.757 on 5GC shared/individual MBS traffic delivery , we deduce that the 5GC may decides on a per UE basis whether certain 5MBS content delivery is realised by means of shared NR MBS transport or legacy individual transport. As the individual delivery is performed by means of a PDU Session, one could deduce that the decision to use individual delivery stems from an application layer decision, which prevents the UE from joining an NR MBS multicast session. Such decision would be then transparent to NG-RAN. We further assume that individual delivery is only applicable for multicast. 

Observation 2b: Taking into account the discussions on support of gNBs not supporting NG-MBS, we understand that one should rather denote the case where the application function decides to provide user data of a MBS service via UE dedicated transport as “unicast delivery” whereas the term “individual delivery” should be only used for the delivery method to UEs that have joined a multicast service but move into a non-supporting area.
Observation 3:
There are different SA2 assumptions wrt to user data transport setup for multicast. It would be beneficial to clarify the timeline in relation to session start. This may serve as input for discussions on the Reply LS [2] to the SA2 LS in [3].
Observation 4:
NG interface protocol functions for multicast and broadcast seem to be very similar and could share the same approach.
Observation 5a: Point-to-point GTP-U tunnelling for NR MBS on NG-U will follow the same principles as for unicast services, i.e. exchange of UL and DL TEIDs between the NG-RAN and the 5GC, assuming both TEIDs are needed due to the applicability of path management messages (see TS 29.281).

Observation 5b: IP multicast GTP-U tunnelling for NR MBS requires provision of a C-TEID to the NG-RAN (see TS 29.281), the NG-RAN node will join the bearer service on (IP) transport layer.

Observation 6: NG-RAN specification should cater for the case where an NG-RAN node receives MBS Session Resource control signalling for the same MBS Session from several AMFs.

Observation 7:
Wrt the method applied for a UE joining a multicast NR MBS Session, there is no difference from an NG-RAN function point of view. Should it be the AMF w/o or with SMF involvement is of minor relevance to NG-RAN, if at all.
Observation 8:
Establishment of multicast/broadcast NR MBS Session Resources at NG-RAN appears to require equivalent functions as compared to the PDU Session Resource Control functions for unicast sessions, however, it seems advantageous to define a new set of procedures. 
On NGAP, there seems to be only minor differences between multicast and broadcast delivery which would advocate for a common set of functions, on F1AP this needs to be seen and is dependent from RAN1/2 results.

Observation 9:
Without the requirement to support individual delivery (in our view only applicable to non-supporting gNBs) UE context data within NG-RAN would only need to contain a reference to a (probably globally unique) NR MBS Session ID. With this requirement we have to go through an exercise to search for an advantageous protocol design, which require better understanding of the required functions.

Observation 10: There are 2 options conceivable to extension of the existing PDU Session Resource Control structure within the UE associated signalling for NR MBS purpose.

Observation 11: As discussed above, It appears to us that the merits of the two approaches depend on final stage 2/functional details, partly still to be developed in SA2, partly in RAN WGs.

The following is proposed:

Proposal 1:
Introduce NGAP procedures to control the setup, release and modification of MBS Session Resources. Those procedures are very similar to the PDU Session Resource procedures, a first draft of NGAP text is provided in Annex B. Agree that those MBS Session Resource procedures use a signalling method equivalent to the UE-associated signalling.

Proposal 2:
We propose to acknowledge the possibility of the approaches for NR MBS Session related UE associated signalling and keep those two options open when discussing various stage 2/3 aspects and details.

Proposal 3:
It is proposed to agree on the outlined stage 2 (38.300) TP in Annex A and stage 3 (38.413) TP in R3-206386 as basis for further work.
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<<<<<<<<<<<<<<<<<<<< First Change >>>>>>>>>>>>>>>>>>>>

3.2
Definitions

<<<<<<<<<<<<<<<<<<<< Unmodified Text omitted >>>>>>>>>>>>>>>>>>>>
Broadcast session: As defined in TR 23.757 [x].
MBS session: As defined in TR 23.757 [x].

MBS Session Resource: This term denotes NG-RAN interface resources and radio resources provided to support an MBS Session.

Multicast session: As defined in TR 23.757 [x]
MBS Session Resource: This term denotes NG-RAN interface and radio resources provided to support an MBS Session.
Editor’s Note: references to TR 23.757 [x] to be replaced by references to 23.501 [3].
<<<<<<<<<<<<<<<<<<<< Next Change >>>>>>>>>>>>>>>>>>>>

16.x.3
Session Management
Editor’s Note: Session Management aspects to be covered here.

Session Management for NR MBS includes the following functions:

-
Setup of MBS Session Resources at the start of user data provision for MBS Session and release of MBS Session Resources at the end.

-
For Multicast, control of MBS Session Resource related information within the UE Context, according to the MBS Sessions joined by the UE.
-
For Multicast, control of NG-RAN UP resources to distribute MBS Session user data to UEs which have joined the MBS Session.
An NG-RAN node shall be prepared to receive MBS Session Resource control signalling for the same MBS session from more than one AMF. In this case, the NG-RAN shall execute the setup, release or modification for the same MBS session only once.
<<<<<<<<<<<<<<<<<<<< End of Changes >>>>>>>>>>>>>>>>>>>>
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