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1. Introduction 
During RAN2#111e, below were agreed:
· Focus initially on NR SA, TBD to what extent other scenarios NR DC, NE DC can be supported. 

· Confirm Will support PTM transmission in a cell. 

· Confirm that we will, for multicast services introduce support for PTP and PTM transmission of shared traffic delivered by 5GC, at least for connected mode (this is not intended to exclude other cases)

· For a UE, gNB dynamically decides whether to deliver multicast data by PTM or PTP (Shared delivery)

·  FFS: which layer(s) handles reliability (in general), in order delivery / duplicate handling, and it is FFS how it works at PTM PTP switch. 
·  R2 expect that there may be HARQ with feedback (for PTM) and this is specified by R1. 
· Chair observations: Many proposals to reuse (to significant extent or even 100%) LTE SC-PTM for Idle/Inactive for NR. Some companies suggest to do control etc in connected also for Idle/Inactive delivery. 

During RAN2#112e, below were agreed (not a full list):
· The function of mapping from QoS flows to MBS RBs in SDAP is needed for NR MBS. TBD whether any SDAP header is needed.

· (Working assumption) no SDAP functions other than “mapping from QoS flows to radio bearers” and “transfer of user plane data” are supported for MBS. FFS whether to support QoS flows to radio bearers remapping.

· In general: RAN2 wait for SA3’s progress for discussing security issues. TBD whether we need to send LS to SA3. 

· FFS for PTM if multiplexing/de-multiplexing of different logical channels are to be supported in MAC for NR MBS.

· Working assumption: RLC-AM for PTM is not supported (can be revisited but it means that proponents of RLC-AM for PTM need to demonstrate the need, to change this). 

During RAN2#113e, below were agreed:
· For the case that both PTM and PTP are RLC-UM, configuration with No L2 ARQ and with PDCP anchored PTM – PTP switching shall be supported (e.g. for services that would typically be configured with RLC UM for unicast).

During RAN2#114e, below were agreed:
· RLC-AM is not supported for PTM (for MBS R17 WI). 

· One-to-one mapping between G-RNTI and MBS session is supported in NR MBS. Other mappings FFS 

· One-to-one mapping between G-CS-RNTI and MBS session is supported in NR MBS. Other mappings FFS.

· A UE can support multiple G-RNTIs/G-CS-RNTIs, It is FFS whether this depends on UE capability. Inform RAN1 of this agreement.

· Multiple MBS QoS flows corresponding to the same MBS session can be mapped to one or more than one MBS radio bearers.

· MCCH is mapped to the DL-SCH for NR MBS delivery mode 2. 

· MTCH is specified for PTM transmission of NR MBS.

· MTCH is mapped to the DL-SCH. 

· DTCH is reused for PTP transmission of NR MBS.

· FFS if there is a need to have specific LCID spaces for the used channels. 

· Multiplexing/de-multiplexing of different logical channels associated with the same G-RNTI is supported for NR MBS. 

· FFS if Multiplexing/de-multiplexing of different logical channels associated with the same G-CS-RNTI is supported for NR MBS. 

· Multiplexing/de-multiplexing of different logical channels associated with the C-RNTI is supported for NR MBS.

· For NR MBS delivery mode 2, LTE SC-PTM DRX scheme is used as baseline.

· FFS whether For PTM transmission of NR MBS, DRX scheme is independent of DRX for unicast transmission, e.g. supported on a per G-RNTI basis

· FFS whether For PTP transmission, DRX operation for unicast transmission is reused.   
In this document, we will discuss our views about remaining issues for MRB architecture. 
2. Discussion 

2.1 Radio bearer type support for NR MBS
 WID Restrictions and assumptions:

 Architecture: it is the one in Figure 4.1-1 in TR 23.757 v0.2.0: High level MBS architecture, with the further restriction that only NR in NG-RAN (i.e. connected to 5GC) is considered as RAT. Consequently, in addition to in NR SA, there should be no reasons preventing the use of the feature standardized in this WI in case of MR DC configurations in the MCG when the MN is a gNB (NE-DC, NR DC).

RAN2#111e agreement:
· Focus initially on NR SA, TBD to what extent other scenarios NR DC, NE DC can be supported. 

But it is not clear what scenarios of NR DC, NE DC to be supported during Rel-17 time frame. In order to support Multicast delivery via NR gNB acting as SN, there will be significant impact on both RAN2 and RAN3 inter node signalling procedures. Due to broad scope of current WID, we think it is reasonable to primarily focus on NR gNB acting as MN. 
Proposal 1.  In Rel-17, NR MBS functionality is supported by MN terminated MCG bearer for NE-DC and NR-DC architecture options.   

2.2 Multicast radio bearer aspects   

Option 1: Common PDCP associated with Multicast RLC  and Unicast RLC AM/UM 
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Figure 1. MRB Architecture with common PDCP associated with  with unicast and multicast RLC bearers
This user plane “Integrated MRB with unicast and multicast RLC bearers” architecture option includes SDAP, PDCP, RLC, MAC and PHY.  Here is it assumed that gNB gets multicast QoS flow data from UPF through Multicast PDU session. UPF may send multiple Multicast QoS flows within same Multicast PDU session, which is shared across multiple UEs. gNB may dynamically decide whether to use unicast RLC bearer or Multicast RLC bearer for multicast data delivery. It is possible that different Multicast QoS flows may have different reliability and latency requirements. Multicast QoS flows can be either GBR or Non-GBR QoS Flows. 5G QoS model and parameters as defined in TS 23.501 [2] clause 5.7 are same for unicast and multicast radio bearers with below differences:  
-
Reflective QoS is not applicable;

-
Wireline access network specific 5G QoS parameters do not apply to MBS services;

-
Alternative QoS Profile is not applicable;

-
QoS Notification Control is not applicable;

-
UE AMBR is not applicable;

-
Session-AMBR if provided is enforced at MB-UPF but not communicated to NG-RAN.

Observation 1. NR Multicast QoS flows can be either GBR or non-GBR and 5G QoS model and parameters are same for both unicast and multicast radio bearers.  

Observation 2. Different Multicast QoS flows will have different reliability and latency requirements. Multicast Radio Bearer must ensure Multicast QoS requirements.
It is possible to have multiple MBS QoS flows mapped to same multicast radio bearer. As baseline, in order to allow mapping of various Multicast QoS flows to MRB and/or unicast radio bearer, SDAP entity is required.  During RAN2#112e, following was agreed:
· The function of mapping from QoS flows to MBS RBs in SDAP is needed for NR MBS. TBD whether any SDAP header is needed.

·  (Working assumption) no SDAP functions other than “mapping from QoS flows to radio bearers” and “transfer of user plane data” are supported for MBS. FFS whether to support QoS flows to radio bearers remapping.

In SDAP layer, header is used in case of reflective QoS. For NR Multicast, there is only DL traffic and reflective QoS is not applicable. Support for DL QoS flows to radio bearer mapping can be accomplished by network implementation and is transparent to multicast UE. Therefore, we propose to confirm the working assumption from RAN2#112e as follows:
Proposal 2.   SDAP is supported for “mapping from DL QoS flows to radio bearers” and “transfer of user plane data”.
Proposal 3.    DL MBS QoS flows to radio bearer mapping is upto network implementation.

As shown in Figure 1 “Integrated MRB with unicast and multicast RLC bearers” option includes a common PDCP entity associated with one RLC leg acting as Multicast RLC and one UE specific RLC leg. PDCP entity is required to support loss-less handover, data recovery during PTM RLC-PTP RLC dynamic switching. 
During RAN2#113e, below is agreement for common PDCP associated with PTP and PTM RLC UM.
· For the case that both PTM and PTP are RLC-UM, configuration with No L2 ARQ and with PDCP anchored PTM – PTP switching shall be supported (e.g. for services that would typically be configured with RLC UM for unicast).

During RAN2#114e, it was agreed not to support PTM RLC AM.

· RLC-AM is not supported for PTM (for MBS R17 WI). 

In case of unicast radio bearer establishment, PDCP entity will be established and PDCP state variables will be set to initial value. In case of Multicast session, if a multicast UE joins an ongoing multicast session, UE side MRB PDCP entity state variables have to be set to the same values as gNB side PDCP entity state variables to support synchronization between gNB side PDCP transmitter and UE side PDCP receiver. This MRB PDCP state variable sync between UE and gNB can be accomplished by communicating PDCP state variables to UE at the time of MRB configuration, during HO from non-MBS supported gNB (Multicast data delivered by DRB) to MBS supported gNB (multicast data delivered by MRB) etc. For same reason, multicast RLC UM state variables need to be conveyed to multicast UE.
Proposal 4.   PDCP and PTM RLC state variables are provided to UE joining Multicast session and during HO procedure from source gNB DRB to target gNB MRB. 
The main intention to support common PDCP entity associated with Multicast RLC and unicast RLC entity is to enables loss-less switching between multicast leg and unicast leg but it is not intended to provide PDCP level re-transmission by switching between unicast and multicast RLC leg. PDCP PDU re-transmission based on UE provided PDCP level feedback (i.e., UE indicating which PDCP SNs are missing), there is need to implement RLC AM type of functionality at PDCP level. Potential changes include new triggers (example: polling based, number of PDCP SNs missing, window management changes etc.) for UEs to report missing PDCP SNs and gNB decides whether to re-transmit PDCP PDU to one UE or group of UEs depending on received feedback from UEs. This essentially means implementation of RLC AM kind of functionality at PDCP which adds PDCP complexity and overhead to provide the same lower layer RLC AM functionality at higher layer. 

Similar to LTE SC-PTM as baseline, Multicast data can be scheduled to UEs using PDSCH scrambled with G-RNTI. At PHY/MAC level, gNB can use Multicast HARQ process associated with multicast for scheduling Multicast data using PDCCH/PDSCH group scheduling (scrambled with G-RNTI, using Multicast beam). Details of HARQ design is under RAN1 scope. RAN2 can further discuss any MAC specification impact based on RAN1 inputs. 
RAN2 needs to further discuss about how to specify mapping between Multicast Services to LCID space and G-RNTI.
During RAN2#114e, following was agreed.

· One-to-one mapping between G-RNTI and MBS session is supported in NR MBS. Other mappings FFS 

· One-to-one mapping between G-CS-RNTI and MBS session is supported in NR MBS. Other mappings FFS.
· FFS if there is a need to have specific LCID spaces for the used channels. 

· Multiplexing/de-multiplexing of different logical channels associated with the same G-RNTI is supported for NR MBS. 

· FFS if Multiplexing/de-multiplexing of different logical channels associated with the same G-CS-RNTI is supported for NR MBS. 

· Multiplexing/de-multiplexing of different logical channels associated with the C-RNTI is supported for NR MBS.

A Multicast service identified by Multicast Session ID (ex: TMGI as session ID) is delivered by using MBS session from MB-UPF to gNB. It is possible to have multiple QoS flows within each MBS session and gNB maps different DL QoS flows to different multicast radio bearers at SDAP layer. It should be allowed to map different Multicast services  to either same LCID or multiple LCIDs as configuration choice. At MAC level, different LCIDs can be multiplexed into a single MAC TB.

 For certain applications like IIoT, where different set of UEs may be subscribed to different services (different services can be mapped to different LCIDs) can be multiplexed into same TB and scheduled using same G-RNTI. This avoids UEs subscribed to multiple services (mapped to different LCIDs) are not required to monitor multiple G-RNTIs/G-CS-RNTIs which will impact UE power consumption if UEs blind decoding budget exceeds. From specification perspective, it should be allowed to support multiplexing of different LCIDs into same MAC TB and each LCID can be mapped to a separate TB as well.
Thus, we propose 
Proposal 5. Allow mapping of MB service: LCID: G-RNTI = (1:1:1), N:1:1 and N:M:1 as configuration choice. 
Proposal 6. Multiplexing/de-multiplexing of different logical channels associated with the same G-CS-RNTI is supported for NR MBS.
Another key aspect is what is LCID space to be used for PTM. One possibility is to use common LCID space for both DTCH and MTCH or use separate LCID space for MTCH. Since MTCH is shared across a group of MBS UEs, it is clean approach to use LCID/eLCID space separately from unicast LCID/eLCID space.
Proposal 7. Adopt separate LCID/eLCID space for MBS services to differentiate from Unicast LCIDs.
Option 2: Independent PDCP for multicast RLC bearer and unicast RLC bearer each supporting L2 RLC Re-transmissions + HARQ
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Figure 2. Option 2: Independent PDCP for multicast RLC bearer and unicast RLC bearer
With Option 2, Multicast RLC bearer and unicast RLC bearer are associated with independent PDCPs. Within one MRB (e.g. MRB0 in the figure), it is possible to have Multicast RLC AM associated with 2 LCIDs (one multicast LCID associated with G-RNTI and one unicast LCID associated with C-RNTI). Since both DRB1 and MRB0 in this diagram use different PDCP entities, RRC signalling is needed for switching between PTP and PTM. In addition, PDCP SN synchronization need to be maintained somehow between the 2 PDCP entities. 
In case of Multicast loss-less HO from MBS supporting cell to Non-MBS supporting cell, source cell may need to switch from MRB to DRB configuration through RRC signalling and perform unicast DRB loss-less to target cell not supporting MBS service.

Therefore, from specification point of view, we need to allow RRC signalling based switching between multicast radio bearer and unicast radio bearer. RAN2 may need to wait for SA3 security discussion before deciding how security will be supported in PDCP for multicast and unicast radio bearer delivery of MBS data.

Proposal 8. Support RRC signalling based switching between multicast radio bearer and unicast radio bearer with independent PDCP entities.
2.3 Broadcast radio bearer configuration

Broadcast services are delivered from UPF to a group of gNBs belonging to broadcast service area by using shared MBS session (i.e. using broadcast MB-N3 tunnel). All gNBs within broadcast service area will broadcast to all UEs within the service area. All broadcast capable UEs within the broadcast service area can receive broadcast services while in RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED states by using PTM radio bearer (unicast PTP bearer is not used for delivering broadcast services). Unlike multicast services, broadcast service delivery is more suitable for applications which does not require high reliability like broadcast TV, live video streaming etc. For broadcast PTM radio bearer, there is no need to support L2 feedback. Likewise, loss-less HO support is not needed. 

· For mapping multiple broadcast service QoS flows to a PTM bearer, SDAP without DL header can be used. 
· PDCP is needed if there is need to support AS security (which has to be concluded by SA3), for supporting unidirectional DL RoHC functionality, re-ordering function, duplicating detection/discarding.
· RLC UM is sufficient as there is no need to have a high reliability broadcast service delivery.

· MAC/PHY can be configured to support broadcast HARQ with no feedback but this has to be concluded by RAN1.

Proposal 9. NR Broadcast PTM radio bearer stack includes 

· SDAP for downlink QoS multiplexing

· PDCP to support AS security (pending SA3 decision), optional DL unidirectional RoHC, re-ordering, duplicate detection/discard functions.

· RLC UM mode.
3. Conclusion

In this contribution, we discussed various aspects related to NR Multicast MRB architecture ,Broadcast MRB protocol stack functions and related proposals. 
Observation 1.
NR Multicast QoS flows can be either GBR or non-GBR and 5G QoS model and parameters are same for both unicast and multicast radio bearers.
Observation 2.
Different Multicast QoS flows will have different reliability and latency requirements. Multicast Radio Bearer must ensure Multicast QoS requirements.


Proposal 1.
In Rel-17, NR MBS functionality is supported by MN terminated MCG bearer for NE-DC and NR-DC architecture options.
Proposal 2.
SDAP is supported for “mapping from DL QoS flows to radio bearers” and “transfer of user plane data”.
Proposal 3.
DL MBS QoS flows to radio bearer mapping is upto network implementation.
Proposal 4.
PDCP and PTM RLC state variables are provided to UE joining Multicast session and during HO procedure from source gNB DRB to target gNB MRB.
Proposal 5.
Allow mapping of MB service: LCID: G-RNTI = (1:1:1), N:1:1 and N:M:1 as configuration choice.
Proposal 6.
Multiplexing/de-multiplexing of different logical channels associated with the same G-CS-RNTI is supported for NR MBS.
Proposal 7.
Adopt separate LCID/eLCID space for MBS services to differentiate from Unicast LCIDs.
Proposal 8.
Support RRC signalling based switching between multicast radio bearer and unicast radio bearer with independent PDCP entities.
Proposal 9.
NR Broadcast PTM radio bearer stack includes
-
SDAP for downlink QoS multiplexing
-
PDCP to support AS security (pending SA3 decision), optional DL unidirectional RoHC, re-ordering, duplicate detection/discard functions.
-
RLC UM mode.
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