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Introduction
In [Post115-e][092][MBS] Remaining user plane issues [1], user plane open issues and proposed resolutions are discussed. In this contribution, we mainly discuss the detail solutions for FFSs of LCID space, G-RNTI/MBS session mapping. For power saving, MBS DRX configuration are also discussed. DL SPS RAN2 impact is discussed in the end of the contribution.
Discussion
LCID Space
In RAN2 #115e meeting, following agreements are captured:
	FFS whether to share common LCID space for Multicast PTM and Unicast DTCH. FFS How many PTM LCIDs to be reserved if separate space is used.
Multicast PTP and Unicast DTCH/DRB share common LCID space.


It was discussed in [1] whether common LCID space or separate LCID space should be used for multicast PTM.
Following four types of traffic need to be handled/processed at MAC layer:
1) unicast traffic via logical channel DTCH (DRB)
2) multicast PTP initial and retransmission traffic via logical channel DTCH (MRB)
3) multicast PTM initial traffic via logical channel MTCH (MRB)
4) multicast PTM retransmission traffic via PTP via logical channel DTCH (MRB)
As agreed in RAN1 #104bis-e and #105-e meeting:
	Conclusion:
The maximum number of HARQ processes per cell, currently supported for unicast, is kept unchanged for UE to support multicast reception.
· How to allocate HARQ processes between unicast and multicast is up to gNB.

Agreement:
The same HARQ process ID and NDI are used for PTM scheme 1 (re)transmissions and PTP retransmissions of the same TB.
For HARQ process management, further study whether/how to differentiate the HARQ process ID used for PTP (re)transmission for unicast and PTP retransmission for multicast.


This indicates that PTP retransmission for multicast PTM will also use different HARQ process ID than other PTP traffic. RAN1 will further discuss how UE can distinguish PTP retransmission for PTM from PTP transmission. 
Before discussing whether common/separate LCID space is used for multicast PTM, we first clarify the meaning of common/separate LCID space. 
As shown in Figure 1, a common LCID space is shared among all traffic types. The common LCID space is defined as TS38.321 Table 6.2.1-1 [2]. In this solution, three types of traffic should use different LCID values. One MBS service should allocate different LCIDs for PTP (for DTCH) and PTM (for MTCH). A reserved LCID space within the common LCID space can also be considered by gNB implementation. 
Observation 1: [bookmark: _Ref85790485]For common LCID space, legacy LCID values and LCID table are reused. Multicast PTM should use different LCID values with unicast/multicast PTP. No impact to MAC layer.



[bookmark: _Ref85466027]          Figure 1. Common LCID space                     Figure 2. Separate LCID space
In Figure 2, a new LCID space is defined for multicast PTM only. In this solution, it is possible that multicast PTM use the same LCID value as either unicast or multicast PTP, as two LCID space are independent with each other. The new LCID space requires defining a new LCID table in MAC layer.
Observation 2: [bookmark: _Ref85790490]For separate LCID space, multicast PTM can use the same LCID value as unicast/multicast PTP.
Assuming separate LCID space is used, if multicast PTM uses the same LCID value from new LCID space as LCID valued used for unicast/multicast PTP from legacy LCID space, UE’s MAC layer will receive two TBs, one for multicast PTM retransmission (via PTP), one for unicast/multicast PTP (including corresponding HARQ retransmission). Both are scrambled with C-RNTI, but their HARQ process ID can be differentiated by RAN1 solution. When delivering to upper layer (RLC layer), as LCID values are the same, the UE needs decide which RLC entity to deliver based on HARQ process ID and its corresponding initial transmission RNTI. If initial transmission is G-RNTI, then the packet will be delivered to Multicast RLC entity, and vice versa.
Observation 3: [bookmark: _Ref85790495]With separate LCID space configured for multicast PTM, when delivering MAC SDU to RLC layer, the UE needs to find the right RLC entity by identifying the initial transmission RNTI for the corresponding HARQ process ID of the received TB.
As analyzed above, both common and separate LCID space is workable, while common LCID space would be simpler and doesn’t have dependency on RAN1.
Proposal 1: [bookmark: _Ref85790500]Multicast PTM share common LCID space with Unicast and Multicast PTP.
As agreed in RAN2 #114e meeting:
	A UE can support multiple G-RNTIs/G-CS-RNTIs,
Multiplexing/de-multiplexing of different logical channels associated with the same G-RNTI is supported for NR MBS. 


The existing value range 1-32 may not be enough when considering unicast, multicast PTP, and multicast PTM. In Rel-16, two types of eLCID are supported:
1) one-octet eLCID for MAC CE
2) two-octet eLCID for IAB BH links
In Rel-16 IAB, due to the increasing number of BH links in IAB-topology, two-octet was supported. To avoid mixing with legacy approach of using one-octet eLCID for MAC CE, it is proposed to extend two-octet eLCID to support increasing number of logical channels required by multicast services.
Proposal 2: [bookmark: _Ref85790506]If common LCID space is used for multicast PTM, two-octet eLCID is supported for multicast.
DRX
In RAN2 #115e meeting, following agreements are captured for DRX:
	For multicast PTM transmission, Multicast DRX pattern is configured on a per G-RNTI basis (i.e. independent of legacy UE-specific DRX for unicast transmission).
Legacy UE-specific DRX pattern for unicast is reused for PTP transmission of NR MBS, which means the UE specific DRX pattern are for both unicast services and the MBS PTP bearer of UE
Multicast long DRX support is baseline for PTM. FFS whether to support optional short DRX or not. 
The Multicast Long DRX operation has to support the following parameters which are  similar to the UE-specific DRX for unicast, where the last two parameters are needed if the HARQ- feedback is enabled:
- drx-onDurationTimerPTM
- drx-InactivityTimerPTM
- drx-LongCycleStartOffsetPTM
- drx-SlotOffsetPTM
- drx-HARQ-RTT-TimerDLPTM 
- drx-RetransmissionTimerDLPTM


Based on the agreement, PTP transmission uses legacy UE-specific DRX pattern, while PTM transmission (i.e. PTM initial transmission and PTM retransmission) uses Multicast Long DRX pattern.
RAN1 agreed that PTP for PTM HARQ retransmission is also supported, where UE-specific PDCCH/PDSCH scrambled with C-RANTI is used. As discussed in [1], it is not clear how to configure DRX pattern to this scenario (i.e. PTM initial transmission, PTP retransmission). Three options were proposed during post email discussion:
-   Option 1: the UE monitors UE specific PDCCH/C-RNTI when either drx-onDurationTimerPTM or drx-InactivityTimerPTM or drx-RetransmissionTimerDLPTM are running. 
-   Option 2: the UE monitors UE specific PDCCH/C-RNTI only when drx-RetransmissionTimerDLPTM is running. For example, when drx-onDurationTimerPTM and drx-InactivityTimerPTM are running but drx-RetransmissionTimerDLPTM is not running, the UE does not monitor UE specific PDCCH/C-RNTI.
-   Option 3: the UE monitors UE specific PDCCH/C-RNTI only during unicast DRX’s active time. Unicast DRX’s RTT timer can be started when PTP retransmission is expected.
When HARQ retransmission is transmitted via PTP (for UE-specific PDSCH) scheme, MBS DRX HARQ related timers are not suitable to monitor retransmission via UE-specific PDSCH. Legacy DRX timer drx-HARQ-RTT-TimerDL is proposed to start for the corresponding HARQ process via PTP. Another legacy DRX timer drx-RetransmissionTimerDL also follows the same procedure as legacy unicast DRX. This allows UE to follow the same behavior as receiving unicast traffic, as both PTP retransmission and unicast/PTP transmission are using UE-specific PDSCH/PDCCH.
In summary, for PTM transmission, following two sets of DRX pattern will be used. It is left to gNB implementation based on which retransmission scheme is used for PTM initial transmission.
1) PTM initial transmission and PTM retransmission
- drx-onDurationTimerPTM
- drx-InactivityTimerPTM
- drx-LongCycleStartOffsetPTM
- drx-SlotOffsetPTM
- drx-HARQ-RTT-TimerDLPTM 
- drx-RetransmissionTimerDLPTM
2) PTM initial transmission and PTP retransmission:
- drx-onDurationTimerPTM
- drx-InactivityTimerPTM
- drx-LongCycleStartOffsetPTM
- drx-SlotOffsetPTM
- drx-HARQ-RTT-TimerDL 
- drx-RetransmissionTimerDL
Proposal 3: [bookmark: _Ref85790511]For multicast PTM retransmission via PTP (for UE-specific PDSCH), HARQ related DRX timers drx-HARQ-RTT-TimerDL and drx-RetransmissionTimerDL are configured and start when PTP retransmission is expected.
SPS
In this section, we mainly focus on RAN2 impact of supporting SPS in PTP and PTM transmission. 
As agreed in RAN1:
	Agreement:
For PTP retransmission of SPS group-common PDSCH, CS-RNTI is used for CRC scrambling of PDCCH with the NDI bit set to 1.


From RAN2 point of view, SPS of PTP transmission (for PTCH) in delivery mode 1 should also have the same configuration/behavior for unicast service. CS-RNTI is used for DL SPS activation/deactivation/retransmission. 
Proposal 4: [bookmark: _Ref61604523]In PTP transmission (for DTCH), RAN2 confirms CS-RNTI is used for DL SPS activation/deactivation/retransmission.
RAN1 has agreed both ACK/NACK based HARQ-ACK feedback and NACK-only based HARQ-ACK feedback for SPS multicast. 
In legacy SPS, HARQ process ID is derived from CURRENT_slot, numberOfSlotsPerFrame, periodicity, nrofHARQ-Processes and harq-ProcID-Offset. It is possible that MBS DL SPS will be overlapped with normal DL SPS. To avoid the initial transmission of DL SPS for MBS and unicast service use the same HARQ process ID when they are configured in the same slot, mbs-nrofHARQ-Processes, mbs-harq-ProcID-Offset and mbs-periodicity are introduced to calculate HARQ process ID of DL SPS for MBS. If DL SPS for MBS and unicast service are overlapped in the same slot, MBS DL SPS can set a different HARQ process ID by using mbs-harq-ProcID-Offset.
Following parameters is configured for MBS DL SPS:
-	g-cs-RNTI: G-CS-RNTI for activation, deactivation, and retransmission;
-	mbs-nrofHARQ-Processes: the number of configured HARQ processes for MBS DL SPS;
-	mbs-harq-ProcID-Offset: Offset of HARQ process for MBS DL SPS;
-	mbs-periodicity: periodicity of configured downlink assignment for MBS DL SPS.
Proposal 5: [bookmark: _Ref61604541][bookmark: _Ref61604533]RAN2 confirms, for PTM (for MTCH), G-CS-RNTI is used for MBS DL SPS activation/deactivation/retransmission if PTM (for group-common PDSCH) is used for DL SPS initial transmission and DL SPS HARQ retransmission in both delivery mode 1 and delivery mode 2. 
Proposal 6: [bookmark: _Ref79090789]MBS DL SPS is configured with parameters g-cs-RNTI, mbs-nrofHARQ-Processes, mbs-harq-ProcID-Offset and mbs-periodicity.
As agreed in RAN1 #105e meeting:
	Agreement:
For PTP retransmission of SPS group-common PDSCH, CS-RNTI is used for CRC scrambling of PDCCH with the NDI bit set to 1.


When PTP (for UE-specific PDSCH) is used for retransmission, both CS-RNTI and G-CS-RNTI are used in MBS DL SPS. It is because that CS-RNTI is used for dynamic scheduling for retransmission in the normal DL SPS. During MBS DL SPS, G-CS-RNTI is used for DL SPS activation/deactivation. CS-RNTI is used to indicate the retransmission from DL SPS, so that the downlink assignment of MBS DL SPS retransmission can be received on the PDCCH which is scrambled with CS-RNTI in PTP (for UE-specific PDSCH). The retransmission TB can be identified for MBS by comparing HARQ process ID with initial transmission.
Proposal 7: [bookmark: _Ref68120829][bookmark: _Ref61604550]In delivery mode 1, for PTM (for MTCH), RAN2 confirms G-CS-RNTI is used for activation/deactivation, CS-RNTI is used for DL SPS HARQ retransmission when PTM (for group-common PDSCH) is used for DL SPS initial transmission and PTP (for UE-specific PDSCH) is used for DL SPS HARQ retransmission. 
Conclusion
In this contribution, we discussed remaining user plane issues of MBS. We first compared specification impact between common LCID space and separate LCID space. Then, for PTP retransmission of PTM initial transmission, DRX configuration and timer is analyzed. In the end, RAN2 impact on DL SPS is discussed based on RAN1 progress.
We propose the following observations and proposals:
Observation 1:For common LCID space, legacy LCID values and LCID table are reused. Multicast PTM should use different LCID values with unicast/multicast PTP. No impact to MAC layer.
Observation 2:For separate LCID space, multicast PTM can use the same LCID value as unicast/multicast PTP.
Observation 3:With separate LCID space configured for multicast PTM, when delivering MAC SDU to RLC layer, the UE needs to find the right RLC entity by identifying the initial transmission RNTI for the corresponding HARQ process ID of the received TB.
Proposal 1:Multicast PTM share common LCID space with Unicast and Multicast PTP.
Proposal 2:If common LCID space is used for multicast PTM, two-octet eLCID is supported for multicast.
Proposal 3:For multicast PTM retransmission via PTP (for UE-specific PDSCH), HARQ related DRX timers drx-HARQ-RTT-TimerDL and drx-RetransmissionTimerDL are configured and start when PTP retransmission is expected.
Proposal 4:In PTP transmission (for DTCH), RAN2 confirms CS-RNTI is used for DL SPS activation/deactivation/retransmission.
Proposal 5:RAN2 confirms, for PTM (for MTCH), G-CS-RNTI is used for MBS DL SPS activation/deactivation/retransmission if PTM (for group-common PDSCH) is used for DL SPS initial transmission and DL SPS HARQ retransmission in both delivery mode 1 and delivery mode 2.
Proposal 6:MBS DL SPS is configured with parameters g-cs-RNTI, mbs-nrofHARQ-Processes, mbs-harq-ProcID-Offset and mbs-periodicity.
Proposal 7:In delivery mode 1, for PTM (for MTCH), RAN2 confirms G-CS-RNTI is used for activation/deactivation, CS-RNTI is used for DL SPS HARQ retransmission when PTM (for group-common PDSCH) is used for DL SPS initial transmission and PTP (for UE-specific PDSCH) is used for DL SPS HARQ retransmission.
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