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1. Introduction

In RAN#86 meeting, a new WI for MBS is approved for R17 NR. Two objectives are specified in WI [1].

The set of objectives includes:
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:

· Specify a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service [RAN1, RAN2]

· This objective includes specifying necessary enhancements that are required to enable simultaneous operation with unicast reception.

We will focus on the RRC_CONNECTED mode MBS in this paper with following aspects.
· DRX for MBS reception

· Bearer ID and LCID space for MBS
· SPS configuration for MBS

· HARQ process id allocation 
· Radio resource allocation for MBS service;
2. DRX for UE power saving during MBS reception
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.
It is not clear whether DRX should also be introduced for NR multicast reception in NR. The DRX is for UE power saving purpose and the UE power saving is necessary in NR. 3GPP take the UE power saving as an objective in NR evaluation since R15. The UE power saving is also a hot topic in R16 NR and R17 NR.
Proposal 1: DRX is introduced for NR multicast for UE power saving. 
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.

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. 
Proposal 2: RAN2 is kindly asked to confirm one set DRX for both multicast and unicast reception, or two sets DRX for multicast and unicast reception respectively.

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


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 3: 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 if PTM will perform retransmission;

· SC-PTM DRX configuration and mechanism will be reused if PTM will not perform retransmission;
3. Bearer ID and LCID space for 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 4: Only one bearer id is configured for MBS bearer based on anchor PDCP L2 protocol architecture for PTM and PTP and the bearer id space for MBS will be reserved separately.

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 the LCID of PTM leg will unique in each UE. For the same reason as bearer id for PTM, the LCIDs for PTM leg are better reserved from LCIDs for DRB. For PTP leg, it is only for one UE, So the LCID for PTP can be share the same space with DRB and no need to reserve.

Proposal 5: The LCIDs for PTM leg are reserved only for PTM leg. The LCID for PTP leg use the current LCID space for DRB.
4. SPS configuration for MBS

In RAN1#104 meeting, RAN1 agreed to support more than one SPS for MBS and subject to UE capability.
	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


It is not clear the relationship between SPS and MBS service, i.e. TMGI. It is also not clear the mapping between G-RNTI and TMGI. In LTE SC-PTM, there is one to one mapping between G-RNTI and TMGI. So we assume it is also for NR. So it seems it is fine to support one to one mapping for SPS and TMGI.
Proposal 6: There is one to one mapping for SPS and TMGI for one MBS service.
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.

If more than one SPS configured for MBS PTM transmission, the CS-RNTI is also common for all UEs in one MBS group. It seems that the CS-RNTI for MBS PTM transmission via SPS should be configured separately from CS-RNTI for per UE SPS configuration. 
Proposal 7: Support more than one SPS configuration for MBS PTM and extra CS-RNTI is configured for MBS SPSs.

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 subject to UE capability. Due to extra CS-RNTI will be configured and UE should know which RNTI will be used for SPS activation and retransmission, the UE should know which SPS will be used for MBS PTM and which SPS will be used for unicast reception. There are 2 options to configure MBS SPS for PTM transmission. 
Option 1: A new SPS list is configured per BWP 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, option 2 is preferred. 

Proposal 8: One indication will be configured in SPS-Config IE to indicate this SPS is used for MBS PTM transmission.

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.

Proposal 9: HARQ process id can be overlapped between MBS SPS and per UE SPS due to different CS-RNTI configuration respectively for MBS SPS and per UE SPS.
5. 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: HARQ process id is reserved from unicast HARQ process id.

Option 2: HARQ process id is shared between PTM transmission and unicast transmission.

Proposal 10: HARQ process id is shared between PTM transmission and unicast transmission 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.

For simplicity, we prefer to reserve HARQ process id for MBS PTM and PTP and the reserved HARQ process id can be configured to UE and then the logical channel identity can be shared between MBS and eMBB unicast.
Proposal 11: 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.
6. Radio resource allocation for MBS service
Currently, the network can configure at most 4 dedicated BWPs for one UE and the BWP id is from 1 to 4. The UE will also have one initial BWP per cell which can be used for idle/inactive mode UE and connected UE and its BWP id is 0 as default.

Now, the RRC_CONNECTED mode UE will receive the MBS via PTM or PTP. For PTM case, all the UEs in this MBS group will receive the same MBS service. The UE will also receive the eMBB unicast via dedicated BWP. We assume that there is only one active BWP as R15 from UE perspective in R17 NR MBS reception. In order to receive the MBS and eMBB service, one simple way is to configure all the dedicated BWPs for the UE are overlapped with the MBS BWP. It will make all the UEs’ dedicated BWP configuration are gathered into the same frequency range in one cell. 
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Proposal 12: The MBS BWP is defined for one MBS service and FFS the MBS BWP is one dedicated BWP with BWP id is {1..4} or one BWP without BWP id but with MBS indication. FFS how to ensure the MBS reception and eMBB reception simultaneously.

If the MBS BWP and dedicated BWPs are not overlapped, we should consider the co-existing of MBS and unicast, so the mechanism is needed to ensure the UE will receive the MBS data and eMBB unicast data in one RRC connection.
Option 1: the BWP switching between dedicated BWPs and MBS BWP based on timer or based on TDM pattern pre-configured in RRC signalling. 

Option 2: the BWP switching between dedicated BWPs and MBS BWP based on DCI from network.
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Proposal 13: Both DCI based BWP switching and timer/TDM pattern-based BWP switching between dedicated BWPS and MBS BWP are considered.
3 Conclusions

Based on the discussion above, we propose:

Proposal 1: DRX is introduced for NR multicast for UE power saving. 
Proposal 2: RAN2 is kindly asked to confirm one set DRX for both multicast and unicast reception, or two sets DRX for multicast and unicast reception respectively.

Proposal 3: 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 if PTM will perform retransmission;

· SC-PTM DRX configuration and mechanism will be reused if PTM will not perform retransmission;
Proposal 4: Only one bearer id is configured for MBS bearer based on anchor PDCP L2 protocol architecture for PTM and PTP and the bearer id space for MBS will be configured separately.

Proposal 5: The LCIDs for PTM leg are reserved only for PTM leg. The LCID for PTP leg use the current LCID space for DRB.

Proposal 6: There is one to one mapping for SPS and TMGI for one MBS service.
Proposal 7: Support more than one SPS configuration for MBS PTM and extra CS-RNTI is configured for MBS SPSs.

Proposal 8: One indication will be configured in SPS-Config IE to indicate this SPS is used for MBS PTM transmission.

Proposal 9: HARQ process id can be overlapped between MBS SPS and unicast SPS due to different CS-RNTI configuration respectively for MBS and unicast.
Proposal 10: HARQ process id is shared between PTM transmission and unicast transmission due to separate RNTI based on anchor PDCP architecture.

Proposal 11: 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 12: The MBS BWP is defined for one MBS service and FFS the MBS BWP is one dedicated BWP with BWP id is {1..4} or one BWP without BWP id but with MBS indication. FFS how to ensure the MBS reception and eMBB reception simultaneously.

Proposal 13: Both DCI based BWP switching and timer/TDM pattern-based BWP switching between dedicated BWPS and MBS BWP are considered.
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