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Introduction
In RAN2 #111-e meeting, following was agreed:
Agreements: 
1. Focus initially on NR SA, TBD to what extent other scenarios NR DC, NE DC can be supported.
2. 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)
Several key issues are still open, such as L2 architecture modeling, control plane configuration, interest indication, etc. Besides, RAN2 also receives one liaison from SA2 (S2-2006044) requesting RAN2 feedback on broadcast, assistance information, etc. 
In this contribution, we discuss following points:
· A unified MBS L2 architecture (single PDCP, single RLC entity) for both PTP and PTM, including user plane modeling in each layer
· We first analyze multicast and broadcast service support from RAN’s perspective. Then analyze how RAN to support control plane configuration and collect interest indication
· In the end, we provide reply LS on RAN2 impact of FS_5MBS Study
Discussion
Types of MBS services
In RAN #89e meeting RP-202086 “Reply LS on RAN impact of FS_5MBS study”:
	RAN would like to clarify that NR-based broadcast is within the scope of RAN WI for NR MBS in Rel-17, as per the WID approved in RP-201038. According to the discussion at RAN#89e, it is concluded that the scope of RAN WI for NR MBS in Rel-17 is kept as was.


Both multicast and broadcast service are within the scope of RAN WI for NR MBS in Rel-17. To continue the discussion on solution to multicast and broadcast service, we first explain how RAN to understand multicast and broadcast services.
As defined in TR23.757 [1]:
	Broadcast communication service: A communication service in which the same service and the same specific content data are provided simultaneously to all UEs in a geographical area (i.e., all UEs in the broadcast coverage area are authorized to receive the data).
NOTE 1:	For the broadcast communication service, the content provider and network may not be aware whether the authorized UEs are actually receiving the data being delivered.
Multicast communication service: A communication service in which the same service and the same specific content data are provided simultaneously to a dedicated set of UEs (i.e., not all UEs in the multicast coverage are authorized to receive the data).
NOTE 2:	For multicast communication service, the content provider and network can be aware whether the authorized UEs are actually receiving the data being delivered.


For broadcast services, as network may not be aware whether the UEs are actually receiving the data being delivered, hence, broadcast services can be received by both RRC_CONNCTED UEs and RRC_IDLE/INACTIVE UEs.
For multicast services, where the authorized UEs receiving MBS data can be aware by network, services can be separated into high-reliability multicast service and low-reliability multicast service, based on the reliability requirement provided by 5GC.
· High reliability multicast services, such as V2X, require tighter service continuity, functionalities such as L1 HARQ, RLC ARQ, PDCP status reporting, etc, can help to guarantee reliability and lossless packet delivery. To enable above listed functions, UEs are required to stay in RRC_CONNCTED state to provide feedback. Besides, above listed functions for reliability improvement are discussed in another companion contribution [4].
· Low reliability multicast services, such as group communication, RLC UM can sufficiently meet its reliability requirement. It may even be suitable for IOT applications, as IIOT in Rel-16 is defined to be supported with RLC UM. It is also possible for both RRC_CONNCTED and RRC_IDLE/INACTIVE UEs to receive such service data.
Observation 1: [bookmark: _Ref54271815][bookmark: _Ref54100502]High reliability multicast services (such as V2X) require UEs in RRC_CONNCTED state to enhance reliability.
Observation 2: [bookmark: _Ref54271822] Low reliability multicast (such as group communication) and broadcast services can be received by UEs in both RRC_CONNCTED and RRC_IDLE/INACTIVE.
L2 Architecture and User Plane
During email discussion [Post111-e][904]MBS L2 Architecture, split bearer was discussed to be adopted for PTP and PTM for MBS service. There are some limitations if adopting this architecture to MBS:
· High complexity of MBS L2 architecture
It may need to have some restriction to split bearer architecture in order to fit with MBS or define a new type of bearer architecture. Two RLC entities are introduced for split bearer since two RLC entities are in different RAN nodes. Another case for PDCP duplication, two or more RLC entities are introduced for CA duplication to handle LCP restriction in order to avoid duplicated packets transmitted in the same carrier. Hence, for MBS, it is not necessary to introduce two RLC entities for one MBS bearer and also new architecture may increase complexity in MBS architecture.
· Increase UE complexity and cost
During email discussion [AT110-e][017A][NR15], UE cap number of Number of RLC entities increases UE complexity and cost, hence, split bearer-like architecture which has two RLC entities may introduce UE complexity for MBS service.
Observation 3: [bookmark: _Ref54024620]Split bearer or split bearer-like architecture is not suitable for MBS L2 architecture due to following reasons: 1) High complexity of MBS L2 architecture; 2) Increase UE complexity and cost
Hence, we propose a unified MBS L2 architecture for PTP and PTM, as shown in Figure 1 and Figure 2, in this architecture, there is a single PDCP entity and a single RLC entity.


[bookmark: Fig_Arch_UE]Figure 1: MBS L2 Architecture (UE side)

L2 architecture from network’s perspective is shown in Figure 2 below.


[bookmark: Fig_Arch_Network]Figure 2: MBS L2 Architecture (Network side)

SDAP Layer
During email discussion [Post111-e][904]MBS L2 Architecture, the function of mapping from QoS flows to MBS RBs in SDAP is assumed to be needed for NR MBS. Hence, in this contribution, we assume SDAP layer exists in MBS L2 architecture unless SA2 concludes the QoS model for MBS is in 5GC.
PDCP Layer
A single PDCP entity is adopted in MBS L2 architecture at least for functionality such as, transfer of data, reordering and in-order delivery, SN maintenance, etc. Service switching in mobility related to PDCP layer is analysis in companion contribution [2].  
RLC Layer
One motivation to propose two RLC entities for PTP and PTM from other contributions is that two RLC entities use different RLC mode, i.e. PTP supports RLC UM and RLC AM, PTM supports only RLC UM. However, for a certain MBS service, reliability requirement should be same regardless of PTP or PTM delivery. In RAN3#109e meeting, following working assumption was agreed: “For multicast, same QoS requirements are applicable regardless of whether PtP or PtM is selected by NG-RAN. [Input from SA2 is needed]”. Thus, for those MBS services requiring high reliability and AM is used in PTP, there’s no reason to remove it from PTM, as analyzed in another companion contribution [4]. Moreover, for the same RLC bearer, it also should support same RLC mode.
Observation 4: [bookmark: _Ref54024492]For a certain MBS service, reliability requirement should be same regardless of PTP or PTM delivery. If RLC AM is supported in PTP, it should also be supported in PTM.
Thus, a single RLC entity can be used for either PTP and PTM, configured as RLC UM or RLC AM. In case of RLC AM, gNB can configure with RRC signaling whether a UE can send RLC status report. After receiving RLC status report from UEs, gNB performs RLC retransmissions for RLC SDUs and/or RLC SDU segments based on the aggregated status report and potentially the channel quality of the corresponding UEs. Retransmission may happen over PTP or PTM as analyzed in [4]. When RLC AM is configured for PTM, for a certain UE, it is possible that some byte segments of the RLC SDU contained in the AMD PDU (RLC retransmission) have been received before. In this case, UE can discard the duplicated byte segments. The dynamic switching between PTP and PTM is transparent to UE.
Proposal 1: [bookmark: _Ref54024638]A unified L2 architecture (single PDCP and single RLC entity for a MBS bearer) is used for MBS service at both NG-RAN and UE.
MAC Layer
In this unified L2 architecture, it is assumed that Group RNTI (G-RNTI) is used for PTM delivery, while PTP delivery can use C-RNTI. 
If C-RNTI is used in the PDCCH scheduling PTP delivery, it is possible that both PTM and PTP delivery for one MBS service is configured to one UE simultaneously. From UE receiver’s perspective, the data received from PTM delivery (scheduled by PDCCH with G-RNTI) and PTP delivery (scheduled by PDCCH with C-RNTI) is delivered to the same RLC entity. In MAC layer, one LCID is configured for PTP delivery of one MBS bearer, and the LCID is linked to the PTM configuration. Such configuration is signalled in RRC signalling.
Proposal 2: [bookmark: _Ref54327836]G-RNTI is used for PTM delivery, C-RNTI is used for PTP delivery.
[bookmark: _GoBack]In the case of PTP delivering, MAC-SDUs carrying MBS data can be multiplexed with MAC-SDUs carrying unicast data and carried in a single MAC-PDU sent on PDSCH with the C-RNTI with each PDSCH scheduled by UE specific C-RNTI. HARQ is performed separately for each UE, as in unicast transmissions in Rel-15/Rel-16. 
In case of PTM delivering, multiplexing/de-multiplexing of different logical channels (different MBS services) in single TB, it wastes extra resources and power consumption on certain UE in de-multiplexing if some multiplexed logical channel data do not come from its interested MBS service. For those UEs who may require multiple MBS services simultaneously, UE can receive multiple configurations from RAN for different MBS service, and receive each subscribed MBS service data according to its configuration. 
Inter-cell PTP/PTM switching is discussed in companion contribution [2].
Proposal 3: [bookmark: _Ref54271852][bookmark: _Ref54327647]Multiplexing/demultiplexing should not be supported in MAC for PTM for UE power saving.
Proposal 4: [bookmark: _Ref54327654][bookmark: _Ref54333538]Multiplexing/demultiplexing is supported in MAC for PTP with unicast data (same as today). 
Control Plane and Interest Indication
As discussed in previous section, UEs may receive different types of MBS services from RAN, some services require UE to stay in RRC_CONNECTED state, while other services can receive either in RRC_CONNECTED or RRC_IDLE/INACITVE. It is essential for UEs to understand which service requires it receiving data in RRC_CONNECTED then transit accordingly. Such information can be provided by RAN via SIB to both RRC_CONNECTED and RRC_IDLE/INACTIVE UEs.
New SIB for Service Information
A new SIB is introduced transmit service information to UE, in order to help UEs understand which services is necessarily requiring it go to RRC_CONNCTED and other assistance information. 
· List of SAIs of current frequency
Facilitate UE determines a frequency for MBS service reception and frequency prioritization for IDLE mode UE mobility.
· Service indication
A bit indicates whether a certain MBS service requires UE go to RRC_CONNECTED to receive or stay in RRC_IDLE/INACTIVE. 
By knowing the QoS profile of each MBS service from 5GC, gNB can map MBS services into three types: high reliability multicast service, low reliability multicast service and broadcast service. For those high reliability multicast service, in SIB configuration, gNB indicates “yes” for UE transiting to RRC_CONNECTED, and for other services, gNB configures “no” referring that UE can stay in RRC_IDLE/INACTIVE to receive data traffic.
Observation 5: [bookmark: _Ref54271860]Service indication included in SIB can provide UE guidance to build RRC connection or stay in RRC_IDLE/INACTIVE for MBS service reception.
· Start time window
A window for UE finish RRC connection build or resume, including start time for build RRC connection and when the window is closed.
The start time can be deferred by RAN from the MBS session start time in user service description (USD). It can be configured advanced to MBS session start time from 5GC, allowing some time for UEs build RRC connection, etc, also avoiding packet loss in the beginning of MBS session starts. Moreover, it can also help UE saving power, since UE can still stay in RRC_IDLE/INACTIVE until the start time indicated in SIB. 
Considering MBS normally has large number of UEs’ interests, setting up a window can avoid contention of massive RRC connection establishment. UE should randomly select a time point in the window to perform the transition to RRC_CONNECTED. In this way, the state transition can be distributed in the window, so that congestion can be minimized.
Observation 6: [bookmark: _Ref54271865]Start time window included in SIB 1) allows UE finish RRC connection before MBS session starts; 2) UE power saving; 3) avoid contention during massive UEs’ RRC connection establishment/resume
· Neighbor frequency related information
When a UE receives this service information SIB from gNB, UE determines the frequency on which a service is provided if the same MBS SAI is identified in both SIB and user service description (UE received from CN, including TMGI, session start/end time, frequencies, MBS SAIs). UE compares TMGI of its interest MBS service with the list provided under this SAI, then check the service indication of this TMGI to know whether it needs to go to RRC_CONNCTED or not to receive this MBS service. 
For high-reliability multicast services, if the service indication implies “yes”, then UE initiates transferring to RRC_CONNECTED via RRC connection establishment or resume. For low-reliability multicast services and broadcast services, the service indication implies “no”. For those UEs who are interested in these two types of MBS services, it continues to read another SIB, which points to multicast control channel configuration, etc. 
Proposal 5: [bookmark: _Ref54024796][bookmark: _Ref54025093][bookmark: _Ref54271872]Introduce a new SIB to MBS for service indication, including information: 1) list of SAIs of current frequency; 2) Service indication on whether a UE need to go to RRC_CONNCTED for receiving MBS service; 3) Start time window of MBS service; 4) Neighbor frequency related information
Interest indication
Per guidance from TR23.757, network can be aware of multicast service reception at UEs, MBS service interest indication can help to provide network the interested multicast services from UEs.  Interest indication can be used to collect number of UEs interested in certain MBS service, assisting PTP/PTM dynamic switching. If number of UEs interested in one MBS service is high, RAN may decide to switch to PTM for the purpose of saving resource allocation to multiple UEs. The threshold of PTP/PTM switching is decided by RAN. 
Besides interested UE number collection, if UE is interested in multiple MBS services and would like to receive them simultaneously, according to UE’s capability, interest indication can also help UE to report multiple frequencies of multiple interested MBS services.
There are two possible ways RAN can get number of interested UE to a MBS service, via Core Network or via Access Network.
· Indication collected by core network:
As mentioned in some solutions in TR23.757, CN can collect number of UEs subscribed to MBS service when UE joining the MBS session. This number of UEs includes all UEs who are interested in this MBS service, while it may not start receiving data. If RAN take this indication from core network, including UEs who only subscribe the service but not receiving data, RAN may waste some resource allocation on those UEs and lead to a sub-optimal performance. 
Besides, the number provided by CN cannot assist UE to report multiple frequencies in order to receive multiple MBS services simultaneously.
Observation 7: [bookmark: _Ref54271878]CN indicated number of UE receiving or interested MBS service is not suitable for RAN.
· Indication collected by RAN
As discussed in previous paragraph, RAN will send all MBS services information in service information SIB to all UEs in its service area. After receiving and analyzing the embedded information, if a RRC_CONNECTED UE would like to receive MBS services from RAN, it can report interest indication to RAN, indicating a list of interested MBS services (e.g. TMGI) and frequency list of its interested services. 
Interest indication (feedback) may be only applicable to RRC_CONNECTED UEs, since feedback is required from those interested UEs, RRC_IDLE/INACITVE UEs may prioritize frequency locally without any feedback [5].
Proposal 6: [bookmark: _Ref54271883]For RRC_CONNCTED UEs, UE reports its interest indication to RAN after receiving MBS service information from SIB.
Proposal 7: [bookmark: _Ref54271889]Interest indication includes following information: 1) frequency list of its interested MBS service(s); 2) TMGI of its interested MBS service(s); 3) MBS priority over unicast.
Service Configuration Signaling for RRC_CONNCETD
For high reliability multicast service for RRC_CONNCTED UEs, after gNB receives interest indication from RAN, dedicated RRC signaling can be used to carry the MBS control information for one or several MBS traffic channels of UE’s interested multicast service. For each MBS traffic channel, the control information can include e.g. related MBS session information, and the scheduling information. 
The unicast RRC signaling can also include other information like the list of neighboring cells providing MBS service. After the UE acquires the dedicated RRC signaling, the UE can start data traffic reception based on the received traffic channel configuration.
For those low reliability multicast service and broadcast services, UE is not required to stay in RRC_CONNCTED for service reception. After decoding the service information SIB, it continues to read another SIB, which points to the resources where multicast control channel (MCCH) information can be found (notification related configuration parameters). According to the traffic channel configuration found in MCCH, UE can start receiving service data traffic. Hence, a LTE SC-PTM like solution (e.g. SIB+MCCH) can be used, which is discussed in the companion contribution [5]. 
Proposal 8: [bookmark: _Ref54271894][bookmark: _Ref54024815]Dedicated RRC signaling is used for RRC_CONNCTED UEs to carry MBS traffic channels service control information for the high reliability multicast service.
Proposal 9: [bookmark: _Ref54271899]LTE SC-PTM like control plane signaling solution (e.g. SIB+MCCH) is used for low reliability multicast service for RRC_CONNECTED, RRC_IDLE, and RRC_INACTIVE UEs.
Reply LS on RAN2 impact of FS_5MBS Study
Regarding to “SA2 is debating whether broadcast (i.e. without the network’s awareness about UEs receiving broadcast contents and for other use cases than the ones excluded already for Rel-17) should be further down-scoped in Rel-17 for remaining broadcast requirement in the SID. Some companies have provided solutions on broadcast (which are documented in the TR). SA2 would like to ask SA, RAN, RAN2 and RAN3 for feedback on broadcast support in Rel-17.”
As mentioned in RP-202086 [6] and SP-200884 [7], NR-based broadcast is within the scope of RAN WI for NR MBS in Rel-17 and SA SID, so we suggest RAN2 agree that broadcast is within the scope of RAN WI and supported in Rel-17.
Regarding to “Some solution suggests the 5GC sends MBS assistance information to RAN for PTP/PTM delivery method decision and switching.”. 
As discussed in Section 2.3 “SIB for service information”, after UE joining MBS session, information of subscribed service(s)/group(s), such as TMGI, session start time, need to be forwarded from 5GC to RAN, which can assist RAN to form the service information SIB and let UE successfully build the RRC connection within the start time window. 
As discussed in Section 2.3 “Interest indication”, RAN can collect number of UEs receiving or interested in the MBS service via interest indication reported by UE, and RAN can decide when to switch between PTP and PTM, there’s no need for 5GC to provide assistance information such as:
· Number of UEs receiving or interested in the MBS service
· Suggested number of UEs for multicast delivery
· NG-RAN performance prediction
· Suggested delivery mode based on NG-RAN performance
Proposal 10: [bookmark: _Ref54024852]We propose following to be included in Reply LS to SA2:
a. [bookmark: _Ref54271944]RAN2 to agree that broadcast is within the scope of RAN WI and supported in Rel-17.
b. [bookmark: _Ref54271953]RAN2 would suggest 5GC to provide assistance information “information of MBS services/groups subscribed by the UE, e.g. TMGI, session start time” 
c. [bookmark: _Ref54271959]RAN2 would suggest following assistance information is not needed from 5GC:
· Number of UEs receiving or interested in the MBS service
· Suggested number of UEs for multicast delivery
· NG-RAN performance prediction
· Suggested delivery mode based on NG-RAN performance
Conclusion
In this contribution, based on the reliability requirement for different MBS services, we first discussed relationship between MBS service and RRC status. Then discussed and analyzed the split bearer (like) architecture is not suitable for MBS architecture, and proposed a unified MBS L2 architecture (single PDCP, single RLC entity) for both PTP and PTM. Then control plane configuration and interest indication are analyzed for different types of MBS services. In the end, we provide reply LS on RAN2 impact of FS_5MBS Study.
We propose the following observations and proposals:
Observation 1:High reliability multicast services (such as V2X) require UEs in RRC_CONNCTED state to enhance reliability.
Observation 2:Low reliability multicast (such as group communication) and broadcast services can be received by UEs in both RRC_CONNCTED and RRC_IDLE/INACTIVE.
Observation 3:Split bearer or split bearer-like architecture is not suitable for MBS L2 architecture due to following reasons: 1) High complexity of MBS L2 architecture; 2) Increase UE complexity and cost.
Observation 4:For a certain MBS service, reliability requirement should be same regardless of PTP or PTM delivery. If RLC AM is supported in PTP, it should also be supported in PTM.
Proposal 1:A unified L2 architecture (single PDCP and single RLC entity for a MBS bearer) is used for MBS service at both NG-RAN and UE.
Proposal 3: G-RNTI is used for PTM delivery, C-RNTI is used for PTP delivery.
Proposal 3: Multiplexing/demultiplexing should not be supported in MAC for PTM for UE power saving.
Proposal 4: Multiplexing/demultiplexing is supported in MAC for PTP with unicast data (same as today).
Observation 5: Service indication included in SIB can provide UE guidance to build RRC connection or stay in RRC_IDLE/INACTIVE for MBS service reception.
Observation 6: Start time window included in SIB 1) allows UE finish RRC connection before MBS session starts; 2) UE power saving; 3) avoid contention during massive UEs’ RRC connection establishment/resume.
Proposal 5: Introduce a new SIB to MBS for service indication, including information: 1) list of SAIs of current frequency; 2) Service indication on whether a UE need to go to RRC_CONNCTED for receiving MBS service; 3) Start time window of MBS service; 4) Neighbor frequency related information.
Observation 7: CN indicated number of UE receiving or interested MBS service is not suitable for RAN.
Proposal 6: For RRC_CONNCTED UEs, UE reports its interest indication to RAN after receiving MBS service information from SIB.
Proposal 7: Interest indication includes following information: 1) frequency list of its interested MBS service(s); 2) TMGI of its interested MBS service(s); 3) MBS priority over unicast.
Proposal 8: Dedicated RRC signaling is used for RRC_CONNCTED UEs to carry MBS traffic channels service control information for the high reliability multicast service.
Proposal 9: LTE SC-PTM like control plane signaling solution (e.g. SIB+MCCH) is used for low reliability multicast service for RRC_CONNECTED, RRC_IDLE, and RRC_INACTIVE UEs.
Proposal 10: We propose following to be included in Reply LS to SA2:
a) RAN2 to agree that broadcast is within the scope of RAN WI and supported in Rel-17.
b) RAN2 would suggest 5GC to provide assistance information “information of MBS services/groups subscribed by the UE, e.g. TMGI, session start time”
c) RAN2 would suggest following assistance information is not needed from 5GC:
· Number of UEs receiving or interested in the MBS service
· Suggested number of UEs for multicast delivery
· NG-RAN performance prediction
· Suggested delivery mode based on NG-RAN performance
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