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1. Introduction

In RAN2#114 meeting, some agreements related group scheduling are reached as following, e.g. SPS related, DRX related, channel defemination/mapping and Multiplexing/de-multiplexing.
· 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 paper, we will focus on the RRC_CONNECTED mode MBS in this paper with following aspects.
· SPS configuration for MBS

· HARQ process id allocation 
· Bearer ID and LCID space for MBS
· DRX for MBS reception
2. SPS configuration for MBS

In RAN1#104 meeting, RAN1 agreed to support more than one SPS for MBS and define G-CS-RNTI for MBS SPS which is different from CS-RNTI of unicast SPS.
	Agreement:
The retransmission scheme for a given SPS group-common PDSCH can be either PTM scheme 1 or PTP.
· FFS: Whether PTM scheme 1 retransmission and PTP retransmission can be used simultaneously for different UEs in the same MBS group

Agreement
Define G-CS-RNTI at least for SPS group-common PDSCH and activation/deactivation of SPS group-common PDSCH, different from CS-RNTI for unicast SPS PDSCH.
· G-CS-RNTI is used for PTM scheme 1 based dynamic retransmission of SPS group-common PDSCH 
· FFS: Whether CS-RNTI can be used for PTP retransmission of SPS group-common PDSCH.

· FFS: Number of G-CS-RNTI.
Agreement: 

For RRC_CONNECTED UE supporting MBS, support up to 8 configured SPS configurations in a BWP of a serving cell for unicast and MBS in total. 

· It is up to gNB implementation to configure the SPS configuration indexes for unicast and MBS, respectively.

Agreement:

Confirm the working assumption: 

For activation/deactivation of SPS group-common PDSCH for MBS in RRC_CONNECTED state,

· At least group-common PDCCH is supported

· FFS: Whether and how to address the missed activation and deactivation

· FFS: Whether UE-specific PDCCH is supported for activation/deactivation

Agreement: 

For RRC_CONNECTED UEs, more than one SPS group-common PDSCH configuration for MBS can be configured per UE subject to UE capability

· The total number of SPS configurations supported by a UE currently defined for unicast is not increased due to additionally supporting MBS.

· FFS: How to allocate the total SPS configurations between MBS and unicast.

Agreement: 

For RRC_CONNECTED UEs, support HARQ-ACK feedback for SPS group-common PDSCH for MBS

· FFS: The retransmission scheme(s)

FFS: The HARQ-ACK details for SPS PDSCH and activation/deactivation, which can be discussed in AI 8.12.2


In RAN1#105 meeting, SPS related agreements are listed as following.
	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.
Agreement:
For reliability of the group-common PDCCH activation of SPS group-common PDSCH, support at least one of the following alternatives.

· Alt 1: retransmit the activation command via group-common PDCCH.

· Alt 2: retransmit the activation command via UE-specific PDCCH.
· Alt 3: retransmit the activation command via MAC-CE.
· FFS other details.
· Note: Down-selection can take into account the HARQ-ACK feedback scheme for SPS activation

Agreement:
Support NACK-only based HARQ-ACK feedback at least for multicast SPS PDSCH without PDCCH scheduling.

· FFS for SPS activation/deactivation. 

Agreement:
For support of ACK/NACK based HARQ-ACK feedback for SPS multicast, 
· the HARQ-ACK codebook index corresponding the HARQ-ACK codebook for SPS PDSCH is included in the configuration for SPS multicast. 
· UE determines a priority index from the HARQ-ACK codebook index
· UE can be optionally configured a separate SPS-PUCCH-AN-List for all SPS multicast configurations. Otherwise, a common SPS-PUCCH-AN-List applies to all SPS unicast and SPS multicast configurations.




In last RAN2 meeting, RAN2 agree to support one-to-one mapping between G-CS-RNTI and MBS session, others is FFS. For our understanding, there is no necessary to support multiple-to-one mapping between G-CS-RNTI and MBS session. For one-to-multiple mapping between G-CS-RNTI and MBS session, the UE may receive the MBS data the UE is not interesting and waste UE power. 
Proposal 1: One-to-multiple and multiple-to-one mapping between G-CS-RNTI and MBS session are not supported at least in R17.
Currently, one CS-RNTI is configured for one UE for both SPS and CG configuration, e.g. for SPS/CG activation and DCI scrambled with CS-RNTI for retransmission of SPS and CG.

Currently, SPS list is configured per BWP and at most 8 SPS configured per BWP from ASN. 1 perspective. RAN1 agreed that more than one SPS can be configured for MBS PTM and support up to 8 configured SPS configurations in a BWP of a serving cell for unicast and MBS in total. RAN1 also agreed G-CS-RNTI at least for SPS group-common PDSCH and activation/deactivation of SPS group-common PDSCH, different from CS-RNTI for unicast SPS PDSCH is defined. So UE should know which RNTI will be used for MBS SPS activation and retransmission, and which SPS will be used for MBS PTM. There are 2 options to configure MBS SPS for PTM transmission. 

Option 1: A new SPS list is configured per BWP of a serving cell for MBS PTM transmission.

Option 2: One indication will be configured in SPS-Config IE to indicate this SPS is used for MBS PTM transmission.

From spec impact point of view and RAN1 agreement of supporting up to 8 configured SPS configurations (up to 8 SPS can be configured for UE in R16) in a BWP of a serving cell for unicast and MBS in total, option 2 is preferred. 

Proposal 2: One indication will be configured in SPS-Config IE to indicate this SPS is used for MBS PTM transmission.

In R16, the DCI for SPS retransmission is scrambled by CS-RNTI and HARQ process id will be used to identify the DCI is for which SPS and which data’s retransmission scheduling.
RAN1 agreed that the retransmission scheme for a given SPS group-common PDSCH can be either PTM scheme 1 or PTP. It is common understanding that G-CS-RNTI will be used for PTM retransmission scheduling. However, it is not clear which RNTI will be used for PTP retransmission scheduling of SPS. There are two options to fix the issue.
Option 1: define a new CS-RNTI for each UE used for PTP for PTP retransmission scheduling of SPS. The new CS-RNTI will be coupled with G-CS-RNTI.
Option 2: use CS-RNTI of UE configured for unicast SPS.
Due to separate CS-RNTI between MBS SPS and unicast SPS, so the HARQ process id can be overlapped between MBS SPS and unicast SPS. However, if CS-RNTI of UE configured for unicast SPS is used for PTP retransmission scheduling of MBS SPS, the HARQ process id cannot be overlapped between MBS SPS and per UE SPS because the UE will not know the DCI is for SPS retransmission via PTP or for unicast SPS retransmission.
Furthermore, no need to configure an extra CS-RNTI for SPS retransmission via PTP only, so CS-RNTI for unicast SPS can be reused.

Proposal 3: CS-RNTI for unicast SPS if configured can be reused SPS retransmission via PTP.
Proposal 4: MBS SPS and unicast SPS share the same HARQ process id space, i.e. HARQ process id cannot be overlapped.
3. HARQ process id allocation
The PDCP anchor-based L2 architecture is preferred by majority and we assume PDCP anchor-based L2 architecture is supported and discuss the HARQ process id allocation for MBS PTM and unicast. 
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It is common understanding, PTM will be scheduled with DCI scrambled with G-RNTI and unicast or PTP will be scheduled with DCI scrambled with C-RNTI. Due to different RNTI, it is possible to share the HARQ process id between PTM transmission and unicast transmission.

Option 1: PTM HARQ process id is reserved from unicast HARQ process id, i.e. PTM HARQ share the same HARQ process id with unicast.
Option 2: PTM HARQ process id owns separate HARQ process id space compared with HARQ process id space of unicast transmission, i.e. HARQ process id can be overlapped between PTM HARQ process and unicast HARQ process.

Proposal 5: HARQ process id can be overlapped between PTM HARQ process and unicast HARQ process due to separate RNTI based on anchor PDCP architecture.

In RAN1#104 meeting, PTP will be used PTM’s retransmission. 
	Agreement:
For RRC_CONNECTED UEs, if ACK/NACK based HARQ-ACK feedback is supported for PTM scheme 1, and if initial transmission for multicast is based on PTM transmission scheme 1, support retransmission(s) using PTP transmission.
· The HARQ process ID and NDI indicated in DCI is used to associate the PTM scheme 1 and PTP transmitting the same TB.
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In this case, PTM and PTP will share the same HARQ process to associate initial transmission from PTM and retransmission from PTP and perform soft combination for one TB in soft buffer. For HARQ process id allocation, there are 2 options.

Option 1: HARQ process id for MBS PTM and PTP is reserved from unicast transmission.

Option 2: HARQ process id for MBS PTM and PTP is shared with unicast transmission.

The PTP will share the same HARQ process ids with unicast HARQ process because C-RNTI will be used for PTP scheduling and unicast scheduling. We prefer to reserve HARQ process ids for MBS PTM and PTP are reserved from HARQ process ids of unicast.

Proposal 6: HARQ process id for MBS PTM and PTP is reserved from unicast transmission and the reserved HARQ process id is configured to UE in case PTP is used for PTM retransmission.
4. Bearer ID and LCID space for MBS

In last RAN2 meeting, RAN2 reached some agreements related channel definition/mapping and Multiplexing/de-multiplexing rules in MAC. However, it is not clear how to configure the RB identity for MRB and logical channel identity for PTM leg and PTP leg.

· 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, the DRB-Identity value is from 1 to 32. It is unique in UE.
	DRB-Identity ::=                    INTEGER (1..32)


For split bearer, there is only one DRB identity and two LCIDs for the bearer. For anchor PDCP L2 protocol architecture, if PTM and PTP are configured for one UE, it is not clear the bearer id is one or two for PTP and PTM separately. It is also not clear whether it is necessary to define a separate bearer identity space for MBS.

For our understanding, the RB identity is only used to address the bearer and easy to manage the bearers, e.g. release bearers. The MAC layer will identity different leg or service according to LCID. Consider that the PTP and PTM will share the same PDCP, so no need to define 2 bearer ids respectively. 

Considering that the bearer id for PTM will be same for all UEs in the same MBS group. So the bearer id for PTM will not be used for DRB in each UE in MBS group. The shared bearer id with DRB will reduce the space for DRBs especially when many bearers are configured for MBS.

Proposal 7: Only one bearer id is configured for MBS bearer based on anchor PDCP L2 protocol architecture for PTM and PTP and the bearer id for MBS share the DRB identity space with DRBs.

From network point of view, the gNB MAC will not multiplex the RLC PDU of eMBB and PTM MBS because the PTM MBS data is for all UEs of MBS group. So it is enough that the LCID of PTM leg is unique only in MRB. For PTP leg, it is only for one UE and the data from PTP leg is scrambled by C-RNTI, so the LCID for PTP should be different from LCID of DRBs.

Proposal 8: The LCIDs for PTM leg are separate ID space and is only for PTM leg. The LCID for PTP leg share the current LCID space with LCID of DRB.
5. DRX for UE power saving during MBS reception
In last RAN2 meeting, DRX for multicast and broadcast MBS are discussed. However, it is not clear for DRX operation for multicast.
· 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 R13 SC-PTM, the DRX for SC-PRM reception is introduced. The SC-PTM DRX will also applied for RRC_CONNECTED mode UE if the RRC_CONNECTED mode UE is receiving SC-PTM service. The RRC_CONNECTED mode UE may also be configured with DRX for unicast reception. 
	5.7a
Discontinuous Reception (DRX) for SC-PTM

Each G-RNTI and, for NB-IoT UEs, BL UEs or UEs in enhanced coverage, each SC-RNTI of the MAC entity may be configured by RRC with a DRX functionality that controls the UE's PDCCH monitoring activity for this G-RNTI and SC-RNTI as specified in TS 36.331 [8]. When in RRC_IDLE or RRC_CONNECTED, if DRX is configured, the MAC entity is allowed to monitor the PDCCH for this G-RNTI or SC-RNTI discontinuously using the DRX operation specified in this clause; otherwise the MAC entity monitors the PDCCH for this G-RNTI or SC-RNTI continuously.

	5.7
Discontinuous Reception (DRX)

The MAC entity may be configured by RRC with a DRX functionality that controls the UE's PDCCH monitoring activity for the MAC entity's C-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, Semi-Persistent Scheduling C-RNTI (if configured), UL Semi-Persistent Scheduling V-RNTI (if configured), eIMTA-RNTI (if configured), SL-RNTI (if configured), SL-V-RNTI (if configured), CC-RNTI (if configured), SRS-TPC-RNTI (if configured), and AUL C-RNTI (if configured). When in RRC_CONNECTED, if DRX is configured, the MAC entity is allowed to monitor the PDCCH discontinuously using the DRX operation specified in this clause; otherwise the MAC entity monitors the PDCCH continuously.


Observation: The RRC_CONNECTED UE may be configured with DRX for unicast reception and SC-PTM DRX for SC-PTM reception simultaneously.
In LTE SC-PTM, there is only DL reception and no HARQ feedback, and also no retransmission. So the multicast DRX may be different from SC-PTM DRX. Here we assume that the multicast here needs HARQ feedback when we discuss DRX for multicast in NR. 
For MBS reception, the UE may receive multicast and also receive unicast, e,g. eMBB service. It is not clear how to configure DRX for multicast reception and unicast reception. 
Option 1: Multicast DRX is configured for MBS reception and another DRX is configured for unicast reception.
Option 2: Only one DRX is configured for multicast reception and unicast reception, i.e current DRX with revision, e.g including the G-RNTI monitor.

Compared with unicast DRX and SC-PTM DRX, the DRX retransmission timer and RTT timer are not used for SC-PTM DRX due to there is no retransmission for SC-PTM.
	Unicast DRX parameters in LTE R14
	SC-PTM DRX parameters in LTE R14

	onDurationTimer,

drx-InactivityTimer,
drx-RetransmissionTimer
drx-ULRetransmissionTimer
longDRX-Cycle, 

drxStartOffset
drxShortCycleTime

shortDRX-Cycle.
	onDurationTimerSCPTM, drx-InactivityTimerSCPTM, 

SCPTM-SchedulingCycle
SCPTM-SchedulingOffset


We think PTM supports retransmission or not will impact DRX design. Based on the working assumption that the PTP will be scheduled via C-RNTI and PTM will be scheduled via G-RNTI. For PTP scheduling, the unicast DRX will be used for PDCCH monitor for PTP reception because the C-RNTI will be used. For PTM scheduling, MBS DRX or unicast DRX can be used for PDCCH monitor for PTM reception. 
The PTM can perform retransmission or the retransmission of PTM can rely on PTP leg. So there is two cases, in different case, the DRX design may be different. 
Case 1: PTM will be used for new transmission and retransmission.  

Case 2: PTP will be only used for retransmission for PTM transmission and there is no retransmission via PTM leg. 
If there is retransmission in PTM leg, the DRX configuration and mechanism may be same with current NR unicast DRX. If there is no retransmission in PTM leg, there is no need to use retransmission timer and RTT timer, so the DRX configuration and mechanism can reuse the SC-PTM DRX for PTM reception.
Proposal 9: the DRX parameters configuration and mechanism for multicast will rely on whether PTM is used for retransmission. 
· Current DRX configuration and mechanism will be reused for multicast MBS if PTM will perform retransmission and only one set DRX is configured for both unicast and multicast;

· SC-PTM DRX configuration and mechanism will be reused for multicast MBS if PTM will not perform retransmission and one separate DRX is configured only for multicast;
6. Conclusions

Based on the discussion above, we propose:
Proposal 1: One-to-multiple and multiple-to-one mapping between G-CS-RNTI and MBS session are not supported at least in R17.
Proposal 2: One indication will be configured in SPS-Config IE to indicate this SPS is used for MBS PTM transmission.

Proposal 3: CS-RNTI for unicast SPS if configured can be reused SPS retransmission via PTP.
Proposal 4: MBS SPS and unicast SPS share the same HARQ process id space, i.e. HARQ process id cannot be overlapped.
Proposal 5: HARQ process id can be overlapped between PTM HARQ process and unicast HARQ process due to separate RNTI based on anchor PDCP architecture.

Proposal 6: HARQ process id for MBS PTM and PTP is reserved from unicast transmission and the reserved HARQ process id is configured to UE in case PTP is used for PTM retransmission.
Proposal 7: Only one bearer id is configured for MBS bearer based on anchor PDCP L2 protocol architecture for PTM and PTP and the bearer id for MBS share the DRB identity space with DRBs.

Proposal 8: The LCIDs for PTM leg are separate ID space and is only for PTM leg. The LCID for PTP leg share the current LCID space with LCID of DRB.
Proposal 9: the DRX parameters configuration and mechanism for multicast will rely on whether PTM is used for retransmission. 

· Current DRX configuration and mechanism will be reused for multicast MBS if PTM will perform retransmission and only one set DRX is configured for both unicast and multicast;

· SC-PTM DRX configuration and mechanism will be reused for multicast MBS if PTM will not perform retransmission and one separate DRX is configured only for multicast;

10/24


