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1. Introduction
The work items for NR support of Multicast and Broadcast Service were approved in RAN #86. After several RAN1 e-meetings involved the discussion about mechanisms of group scheduling for UEs in RRC_CONNECTED, the basic functions for it can be achieved, but some remaining issues are left which will be solved in Rel-17 maintenance stage.
According to the agreements and conclusions achieved in RAN1 #107 e-meeting and previous e-meetings, the following issues will be discussed in this contribution:
· HARQ process number management across unicast service and multicast service
· DCI field for multicast service

2. HARQ process number management across unicast service and multicast service
In previous RAN1 e-meetings, it was agreed that the maximum number of HARQ process per cell is kept unchanged for UE to support multicast reception, and there is no intention to separate the HARQ process ID for multicast from current unicast service. Recording the HARQ process number, the agreements and conclusion achieved in the previous e-meetings are listed below[1].
	Agreement:
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.
Agreement:
The same HARQ process ID and NDI are used for PTM scheme 1 (re)transmissions and PTP retransmissions of the same TB.
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.


In RAN1 #107 e-meeting, how to determine LBRM/TBS for PTP retransmission of multicast was discussed, and two options were given[2]. One (Option1) is that the determination of LBRM/TBS is based on the LBRM/TBS determination of the PTM initial transmission using the same HPID and NDI. Another (Option2) is that the determination of LBRM/TBS based on the LBRM/TBS determination of the legacy unicast PDSCH transmission. 
Option2 was selected as the final rule since the opponents of Option1 argue that it is impossible for UE to determine whether this is PTP retransmission for multicast or PTP transmission for unicast, especially when the PTM initial transmission is missed by the UE according to the current mechanisms. The issue regarding how to differentiate PTP (re)transmission for unicast and PTP retransmission for multicast was first raised in RAN1 #105 e-meeting. This illustration for it is shown in Figure 1. For the same HARQ process, different UEs in an MBS group have different PTP scheduling, thus the NDI states are different for UE1 and UE2 (t1). When PTM scheme 1 is used for multicast initial transmission, its NDI toggle should be relative to the NDI in a previous DCI with the same G-RNTI (t2). Then PTP is used for the retransmission of PTM1 with the same NDI value as initial transmission. However, for UE2, if the initial PTM1 transmission was miss detected, when UE2 detects a DCI scheduling the retransmission of TB3 with NDI not toggled, it may make incorrect soft-combination between the retransmission TB with previous unicast transmission (t3). This issue was discussed in the last two meetings, but there are no conclusions for it.
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Figure 1
Since there is no intention to separate the HARQ process number for multicast service from the current maximum 16 HARQ processes used for unicast service, and the total maximum number of HARQ process is kept unchanged for UE to support the multicast reception, it leads to that a given HPN can be used for unicast now, and also can be used for multicast later even the expected transmission of HARQ-ACK feedback for that HARQ process is not receive. However, for the scenario illustrated in Figure 1, the UE sides, especially for UE2, must know whether the transmission is for unicast service or multicast. The initial transmission may be differentiated by RNTI type, i.e., schedules unicast service scrambled by C-RNTI and schedules multicast service scrambled by G-RNTI, but the retransmission cannot be differentiated by RNTI type since PTP retransmission can be supported for multicast service.
Directly, a certain field in scheduling DCI can be used to indicate the service type. It is not advisable to introduce a new DCI filed in the maintenance stage. According to the agreement in RAN1 #107 e-meeting, there are 3 bits reserved for other intentions, at least for DCI format 4_1[3]. Therefore, we propose to use one of the reserved three bits to indicate the PTP transmission is corresponding to unicast (re)transmission or multicast retransmission.
	Agreement
The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by G-RNTI for multicast:
· Frequency domain resource assignment
· Time domain resource assignment – 4 bits as defined in Clause 5.1.2.1 of TS38.214
· VRB-to-PRB mapping – 1 bit according to Table 7.3.1.2.2-5 in TS38.212
· Modulation and coding scheme – 5 bits as defined in Clause 5.1.3 of TS38.214
· New data indicator – 1 bit
· Redundancy version – 2 bits as defined in Table 7.3.1.1.1-2 in TS38.212
· HARQ process number – [4 or 5] bits
· Downlink assignment index – 2 bits as defined in Clause 9.1.3 of TS 38.213, as counter DAI
· PUCCH resource indicator – 3 bits as defined in Clause 9.2.3 of TS38.213
· PDSCH-to-HARQ_feedback timing indicator – 3 bits as defined in Clause 9.2.3 of TS38.213
· Reserved bits –3 bits
· FFS: Some of the fields may be not useful and can be reserved in some conditions, and FFS the details of the conditions
· FFS: other fields, e.g. for HARQ enabling/disabling
Note: Whether new fields are defined for multicast DCI format 1_0 can be discussed separately. The reserved bits can be used for new fields if needed.


Proposal 1:
· Reuse the reserved 3 bits to indicate the PTP transmission corresponding to unicast (re)transmission or multicast transmission at least for DCI format 4_1.

3. DCI field for multicast service
In the last RAN1 e-meetings, the field of DCI format 4_2 was discussed. Considering it is hard to converge, the moderator suggests the discussion can be prolonged to the maintenance phase. The last proposal updated by the moderator is listed as follows.
	[Stable] Updated proposal 2-4a:
Multicast DCI format 1_1 includes all configurable fields of unicast DCI format 1_1 except
· Identifier for DCI formats, TPC command for scheduled PUCCH, SRS request
· FFS: Scell dormancy indication
· One-shot HARQ-ACK request, PDSCH group index, New feedback indicator, Number of requested PDSCH group(s), ChannelAccess-Cpext
· CBGTI, CBGFI
· Minimum applicable scheduling offset indicator
· FFS: Carrier indicator, BWP indicator, ZP CSI-RS trigger
· FFS: MCS/NDI/RV for TB2


Regarding the first bullet, the third bullet, the fourth bullet and the fifth bullet, there is no controversy on whether to keep them in or not. By the way, even though we are now in the maintenance stage of Rel-17, some critical issues are in process (e.g., identifying HARQ feedback option concluding enable/disable in UE side, differentiating PTP (re)transmission for unicast and PTP transmission for multicast), and they could be solved by an explicit indicator in DCI filed as mentioned by several companies. Therefore, we propose to keep them until the related issues are converged.
Regarding ‘Scell dormancy indication’ field, ‘Carrier indicator’ field, and ‘BWP indicator’ field, we think they all are UE-specific, thus they are useless for multicast transmission. Besides, at least we have not an agreement regarding supporting CA or Scell for multicast transmission currently (although they were discussed in the last e-meeting). It is not advisable to introduce a new function for multicast at the maintenance phase (even they are applicable for unicast service).
Regarding ‘ZP CSI-RS trigger’ field, it should not be excluded since it will affect the implementation of rate matching of PDSCH according to TS 38.212 clause 5[4].
Regarding MCS/NDI/RV for TB2, the intention of why they should be reserved is not clear since more than 4 layers for multicast transmission may not be supported.
Proposal 2: 
· DCI format 4_2 includes all configurable fields of unicast DCI format 1_1 except
· Identifier for DCI formats, TPC command for scheduled PUCCH, SRS request
· Scell dormancy indication
· One-shot HARQ-ACK request, PDSCH group index, New feedback indicator, Number of requested PDSCH group(s), ChannelAccess-Cpext
· CBGTI, CBGFI
· Minimum applicable scheduling offset indicator
· Carrier indicator, BWP indicator
· MCS/NDI/RV for TB2

4. Conclusion
In this contribution, we discuss the remaining issues for group scheduling mechanisms for RRC_CONNECTED UEs. Proposals are summarized as follows: 
Proposal 1:
· Reuse the reserved 3 bits to indicate the PTP transmission corresponding to unicast (re)transmission or multicast transmission at least for DCI format 4_1.
Proposal 2: 
· DCI format 4_2 includes all configurable fields of unicast DCI format 1_1 except
· Identifier for DCI formats, TPC command for scheduled PUCCH, SRS request
· Scell dormancy indication
· One-shot HARQ-ACK request, PDSCH group index, New feedback indicator, Number of requested PDSCH group(s), ChannelAccess-Cpext
· CBGTI, CBGFI
· Minimum applicable scheduling offset indicator
· Carrier indicator, BWP indicator
· MCS/NDI/RV for TB2
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