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1. Introduction
The work items for NR support of Multicast and Broadcast Service was approved in RAN #86. The detail of the WIs are listed as following[1].
	· 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.
· [bookmark: _Hlk47347546][bookmark: _Hlk47366295][bookmark: _Hlk47362778]Specify required changes to improve reliability of Broadcast/Multicast service, e.g. by UL feedback. The level of reliability should be based on the requirements of the application/service provided. [RAN1, RAN2]
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states [RAN2, RAN1]:
· Specify required changes to enable the reception of Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, with the aim of keeping maximum commonality between RRC_CONNECTED state and RRC_IDLE/RRC_INACTIVE state for the configuration of PTM reception. [RAN2, RAN1].
Note: the possibility of receiving Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, without the need for those UEs to get the configuration of the PTM bearer carrying the Broadcast/Multicast service while in RRC CONNECTED state beforehand, is subject to verification of service subscription and authorization assumptions during the WI. 


According to the agreements and conclusions achieved in RAN1 #106b e-meeting and previous e-meetings, the following issues will be discussed in this contribution:
· Frequency domain resource allocation for unicast when support multicast service
· HARQ process number management across unicast service and multicast service

2. Frequency domain resource allocation for unicast when support multicast service
In RAN1 # 106b e-meeting, the following agreements are reached for the determination of the starting PRB and the length of PRBs of CFR[2].
	Agreement:
The starting PRB and the length of PRBs of CFR are jointly indicated reusing the RIV indication mechanism in the same way as locationAndBandwidth of a BWP.

Agreement:
RBG and PRG for multicast GC-PDSCH in CFR are defined using the same procedure as for unicast PDSCH in DL BWP.
· For RBG, the size is defined based on the starting PRB of the CFR, size of the CFR and the higher layer parameter rbg-Size configured by PDSCH-Config for multicast in the CFR.
· For PRG, the size is defined based on the starting PRB of the CFR, size of the CFR and precoding granularity for multicast which can be equal to one of the values among {2, 4, wideband}.
· Note: Whether the RBG and PRG size for multicast (configured directly or indirectly) is the same as for unicast can be discussed separately.


For a multicast transmission, a UE receives the GC-PDSCH in CFR which occupies a section of frequency domain resources in the UE active BWP, and the remaining part in that BWP can be scheduled for a unicast transmission.
According to the current spec, for type 0 FDRA of DL transmission, one bit can indicate a RBG that mapped to a set of consecutive virtual resource blocks where the size of RBG can be determined by Table 5.1.2.2.1-1 in TS 38.214 clause 5. If the RBG in the BWP crosses the CFR boundary, the available RBs used for multicast and available RBs used for unicast will be overlapping in the head of CFR. The same issue exists at the end of the CFR. For type 1 FDRA of DL transmission, the contiguous block of RBs will be interrupted by CFR for supporting multicast reception, which is not conducive to combating poor transmission environment through large block of RBs.
For example, as shown in Figure 1, 
· For type 0 FDRA, if the value of P for unicast is 8 and the value of P for multicast is 4, then the full RBs of the first RBG and part of RBs of the second RBG in CFR used for multicast service will overlapped with the second RBG used for unicast service. The same issue may exist between the last RBG in CFR and the first RBG following the end of CFR. The detail is shown in figure (a).
· For type 1 FDRA, since multicast transmission is supported, the continuous RBs available for unicast service is interrupted by CFR when multicast service is scheduled in CFR including RB1 to RB23. The detail is shown in figure (b).
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Figure 1
In order to avoid available overlapping resources between unicast service and multicast service, there are two methods that can be considered:
· Option 1: by gNB implement. i.e., if RBs in CFR are used to schedule multicast services, the gNB will not schedule unicast service on these RBs, or if some resources in CFR are occupied by unicast transmission, the gNB should not schedule multicast service in the resources.
· Option 2: by spec enhancement. 
For Option 1, the advantage is that it has little impact on the spec, but the shortcomings are quite obvious.
· Regarding type 0 FDRA, some RBs will be allocated to unicast RBG and multicast RBG simultaneously especially when the value of P is large. In the illustration of Figure 1 (a), to avoid overlapping RBGs between multicast and unicast, RB8, RB9 and RB 10 are not available for unicast since the whole second RBG that contain RB8, RB9 and RB 10 are overlapping with the first RBG in CFR. Of course, the gNB cannot schedule multicast services on the first RBG in CFR, but according to the agreement of the last meeting, the size of RBG is defined based on the starting PRB of the CFR. If the first RBG in CFR cannot be scheduled due to overlapping, the first bit in bitmap is redundant.
· Regarding type 1 FDRA, gNB cannot schedule a large block of RBs to a UE for unicast service even if the SINR of DL is relatively low. In the illustration of Figure 1 (b), a BWP is divided into two segments due to the CFR for supporting multicast service. If multicast services are transmitted in CFR, unicast services are difficult to overcome the poor transmission environment by using more frequency domain resources.
For Option 2, its advantage is that it can make full use of frequency domain resources, but its disadvantage is that it needs some standardization work. A simpler approach is,
· Regarding type 0 FDRA, if an RBG is both inside and outside the CFR, the one bit indicating this RBG in the bitmap for unicast only represents resources outside the CFR. For example, the second bit for unicast indicates RB8, RB9 and RB10 rather from RB8 to RB15 if GC-PDSCHs are scheduled in CFR in Figure 1 (a).
· Regarding type 1 FDRA, when the gNB calculates RIV for unicast PDSCH transmission, CFR included in BWP is automatically eliminated, and the RBs outside CFR can seems as a contiguous resource.
Based on the above analysis, for frequency domain resource allocation of unicast service when supporting multicast service, we prefer Option 2 considering the benefit of resource utilization.

Proposal 1:
· Spec enhancements are needed for frequency domain resource allocation of unicast service when supporting multicast service.
· For type 0 FDRA, the one bit in bitmap indicates the RBs that outside CFR if this RBG across the boundary of CFR.
· For type 1 FDRA, CFR included in BWP is automatically eliminated when calculating the length of continuous RB in RIV.

3. HARQ process number management across unicast service and multicast service
In previous two RAN1 e-meetings, it 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.
	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 #105 e-meeting, one issue about PTP retransmission for PTM initial transmission was discussed. The issue is shown in the following figure. 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 differentiate 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 differentiate 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 this stage for this case. Considering there are some useless fields for the first DCI format and the second DCI format for scheduling multicast service if they are same as the current DCI format 1_0 and DCI format 1_1, these fields can be reserved to indicate the transmission corresponding to unicast service or multicast service.
Proposal 2:
· Reuse the redundant field in the first DCI format and the second DCI format, if they are same as current DCI format 1_0 and DCI format 1_1, to indicate the transmission corresponding to unicast service or multicast service.

4. Conclusion
In this contribution, we discuss the possible enhancements for group scheduling mechanisms for RRC_CONNECTED UEs. Proposals are summarized as following: 
Proposal 1:
· Spec enhancements are needs for frequency domain resource allocation of unicast service when supporting multicast service.
· For type 0 FDRA, the one bit in bitmap indicates the RBs that outside CFR if this RBG across the boundary of CFR.
· For type 1 FDRA, CFR included in BWP is automatically eliminated when calculating the length of continuous RB in RIV.
Proposal 2:
· Reuse the redundant field in the first DCI format and the second DCI format, if they are same as current DCI format 1_0 and DCI format 1_1, to indicate the transmission corresponding to unicast service or multicast service.
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