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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 #106 e-meeting and previous e-meetings, the following issues will be discussed in this contribution:
· DCI design for supporting group scheduling mechanism
· HARQ process number management across unicast service and multicast service
· Type-1 HARQ-ACK codebook construction in the CFR

2. DCI design for supporting group scheduling mechanism
In RAN1 # 106 e-meeting, the following agreements are reached about the DCI field for the first DCI format and the second DCI format[2].
	Agreement:
The first DCI format for GC-PDCCH uses the same fields as DCI format 1_0 with CRC scrambled by C-RNTI with the following modifications:
· At least ‘Identifier for DCI formats’ is not needed.
· FFS: Whether the field should be ignored and reserved, or should be removed.
· For FDRA determination, down-select from following options:
· Option 1:
·  is given by
· the size of CORESET 0 if CORESET 0 is configured for the cell; and
· the size of initial DL bandwidth part if CORESET 0 is not configured for the cell.
· For resource indication value (RIV) of downlink resource allocation type 1, the resource blocks that can be indicated are
· the resource blocks in the CORESET 0 if CORESET 0 is configured for the cell; and
· the resource blocks in the initial DL bandwidth part if CORESET 0 is not configured for the cell.
· Option 2:
· 
 is given by
· the size of CORESET 0 if CORESET 0 is configured for the cell; and
· the size of initial DL bandwidth part if CORESET 0 is not configured for the cell.
· For resource indication value (RIV) of downlink resource allocation type 1, the similar scheme as for the case that the DCI size for DCI format 1_0 in USS is derived from the size of DCI format 1_0 in CSS but applied to an active BWP is used.
· FFS details, e.g., if the size of CFR (i.e. ) is larger than the size of CORESET0/initial DL bandwidth part, the resource indication value (RIV) is defined as in section 5.1.2.2.2 in TS38.214, where K is the maximum value from set {1, 2, 4, 8} which satisfies ;otherwise, 
· Option 3:  is given by the size of CFR in the active DL BWP

Agreement:
The second DCI format for GC-PDCCH uses the same fields as DCI format 1_1 with the following modifications:
· At least ‘Identifier for DCI formats’ and ‘SRS request’ are not needed.
· FFS whether the fields should be ignored and reserved, or should be removed.
· Note: At least the configurable fields in DCI format 1_1 remain configurable for the second DCI format


· The first DCI format

For the determination of FDRA field of the first DCI format, there are there options are discussed in the last e-meeting. The benefit of Option 1 is that it has the same size as that for legacy DCI, but it is too restrictive if the CFR have large size than CORESET 0. For Option 2, it determines the size of  by the size of CORESET 0 if it is configured otherwise by the size of initial DL bandwidth. Option 2 can make the size of the first DCI alignment with the DCI format 1_0 in CSS, but if the size of CFR is configured larger than CORSET 0, Option 2 cannot address all the RB within the CFR. 
Since the GC-PDSCH will be scheduled in the CFR for the group of the UEs, it is reasonable to define [image: ] by the size of CFR. In RAN1 #103 e-meeting, it has agreed that the FDRA field of group-common PDCCH is interpreted based on the common frequency resource, which is in accordance with Option 3. The detail of this agreement is listed below[3].
	Agreements: 
For PTM transmission scheme 1, if Option 2A or Option 2B for common frequency resource for group-common PDCCH/PDSCH is agreed, the FDRA field of group-common PDCCH is interpreted based on the common frequency resource.


Some companies against Option 3 by it may not align the size of the first DCI format with the legacy DCI 1_0 in CSS if the size of CFR is larger than the size of CORSET 0 or the size of initial DL BWP. We think the legacy behavior as defined in TS 38.212 could be applied to align them like truncating.
Proposal 1:
· 
For FDRA determination of the first DCI format for GC-PDCCH, Option 3, i.e.,  is given by the size of CFR in the active DL BWP, is preferred.

For the other fields of the first DCI format, it has agreed that the ‘Identifier for DCI formats’ field is not needed if the first DCI format reuses all the fields of legacy DCI format 1_0. In addition, since different UEs may need different PUCCH transmission power, and it is not possible to indicate a same close loop TPC command by a group-common PDCCH, ‘TPC command for scheduled PUCCH’ field in DCI format 1_0 is also not need for the first DCI format. The redundant field can be reserved for other intentions instead of removing it.
Proposal 2:
· The ‘TPC command for scheduled PUCCH’ field is not needed for the first DCI format if it reused the same fields of legacy DCI format 1_0. This fields can be reserved for other intentions instead of removing it.

· The second DCI format
Regarding the second DCI format, it has agreed that the same fields as legacy DCI format 1_1 can be reused with the modifications of no need the field of ‘Identifier for DCI formats’ and ‘SRS request’ as there is no UL schedule of multicast service. Besides, Due to CA is not supported in MBS, the ‘Carrier indicator’ field also not need for scheduling multicast service. ‘TPC command for scheduled PUCCH’ is also not need for the same reason of the first DCI format.
It was confirmed Option 2B for CFR associated with UE active BWP other than initial DL BWP is supported. That is when the active BWP is switched, the CFR can also be switch, thus the ‘Bandwidth part indicator’ field is also not needed for indicating the BWP switch for UE supporting multicast service. Same as the discussion of the first DCI format, the redundant fields can be reserved for other intentions instead of removing them.
Proposal 3:
· The second DCI format for GC-PDCCH uses the same fields as DCI format 1_1 except the following fields.
· ‘TPC command for scheduled PUCCH’
· ‘Carrier indicator’
· ‘Bandwidth part indicator’
The redundant fields can be partly reserved for other intentions instead of removing them.

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).
[image: ]
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 4:
· 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. Type-1 HARQ-ACK codebook construction in the CFR
It was agreed that enabling/disabling HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast in RAN1 # 103 meeting. The detail of the agreement is as below.
	Agreements:
Enabling/disabling HARQ-ACK feedback for MBS is supported, further down-select between:
· Option 1: DCI
· Option 2: RRC configures enabling/disabling
· Option 3: RRC configures the enabling/ disabling function and DCI indicates enabling /disabling
· FFS: Option 4: MAC-CE indicates enabling/disabling
· FFS: Option 5: RRC configures the enabling/ disabling function and MAC-CE indicates enabling /disabling


Due to the group-common PDSCH will be transmitted in a specific CFR, if the gNB indicate the disabling HARQ-ACK feedback for the group-common PDSCH, and the UE who received this group-common PDSCH receives a unicast PDSCH at the same time, when the UE decides to construct a Type-1 HARQ-ACK codebook for unicast service, it will determine the occasions for candidate PDSCH receptions based on the K1 set and TDRA table configured by RRC according to the current spec firstly[4]. For example shown in below Figure 1, if the K1 set configured in PUCCH-config is {1, 3, 4, 5} and the UE will transmit a PUCCH for HARQ-ACK codebook in slot n, the UE will find the occasions for candidate PDSCH receptions in slot n-1, slot n-3, slot n-4 and slot n-5 combine with TDRA table. However, according to the current spec, the UE determine the occasions for candidate PDSCH receptions based on whole BWP configured for the UE, e.g., the PDSCH occasion 1 for multicast service in Figure 1 will also be contained in the whole occasions for candidate PDSCH receptions, although it is a group-common PDSCH transmitted in the multicast specific CFR and disabling HARQ-ACK feedback by gNB. Maybe the HARQ-ACK bit for this group-common PDSCH will be removed from UE side considering the disabling HARQ-ACK feedback indicated by gNB, but it is more reasonable that UE does not generate any HARQ-ACK bit for this PDSCH. In other words, the UE can determine the occasions for candidate PDSCH receptions based on K1 set, TDRA table and additional frequency range, i.e., whether the PDSCH configured in CFR should also be considered. As for the case illustrated in Figure 2, the occasions for candidate PDSCH receptions contain PDSCH occasion 1 for unicast and PDSCH occasion 2 for unicast, and don’t contain the PDSCH occasion 1 for multicast just because it is transmitted in the CFR which is used for transmitting the multicast group-common PDSCH and the HARQ-ACK feedback for multicast service is disabled by gNB. Therefore, when the UE constructs the Type-1 HARQ-ACK codebook for unicast service, the PDSCH configured outside CFR should not be included in PDSCH occasion.
[image: ]
Figure 2
Besides, the last meeting also discussed the case that whether support that a unicast HARQ-ACK codebook and a multicast HARQ-ACK codebooks with the same priority exist in a same UL slot. If the this case is support, when the UE constructs a unicast HARQ-ACK codebook and a multicast HARQ-ACK codebook respectively, the UE should also consider the frequency domain location of the configured PDSCH, i.e., when the PDSCH is inside the CFR, this PDSCH should be eliminated from the occasions for candidate PDSCH receptions of unicast. Conversely, when the PDSCH is outside the CFR, this PDSCH should be eliminated from the occasions for candidate PDSCH receptions of multicast.
Proposal 5:
· When the UE constructs a Type-1 HARQ-ACK codebook for unicast service, the PDSCH configured outside CFR should not be included in the occasions for candidate PDSCH receptions if the HARQ-ACK feedback for MBS is disabled by gNB.

5. Conclusion
In this contribution, we discuss the possible enhancements for group scheduling mechanisms for RRC_CONNECTED UEs. Proposals are summarized as following: 
[bookmark: _GoBack]Proposal 1:
· 
For FDRA determination of the first DCI format for GC-PDCCH, Option 3, i.e.,  is given by the size of CFR in the active DL BWP, is preferred.
Proposal 2:
· The ‘TPC command for scheduled PUCCH’ field is not needed for the first DCI format if it reused the same fields of legacy DCI format 1_0. This fields can be reserved for other intentions instead of removing it.
Proposal 3:
· The second DCI format for GC-PDCCH uses the same fields as DCI format 1_1 except the following fields.
· ‘TPC command for scheduled PUCCH’
· ‘Carrier indicator’
· ‘Bandwidth part indicator’
The redundant fields can be partly reserved for other intentions instead of removing them.
Proposal 4:
· 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.
Proposal 5:
· When the UE constructs a Type-1 HARQ-ACK codebook for unicast service, the PDSCH configured outside CFR should not be included in the occasions for candidate PDSCH receptions if the HARQ-ACK feedback for MBS is disabled by gNB.
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