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This contribution continues the discussion of scheduling multicast for RRC_CONNECTED UEs including multicast resource configuration, scheduling scheme, and detailed issues etc., per the agreements achieved in the last meeting [1]. 
Discussion on multicast scheduling
1.1 Frequency resource configuration
As agreed in the last meeting, it is expected to make the decision at RAN1#105 regarding option 2A/2B for the common frequency resource configuration. 
BWP switching time
One debate between option 2A/2B is whether there is BWP switching time in option 2A calling the CFR an MBS specific BWP. It is understood that whether BWP switching time is needed is up to UE implementation but at least RAN4 specification in [38.133 clause 8.6.2] allows UE to switch the BWP for power saving, although unicast dedicated BWP contains the MBS BWP in frequency domain with the same subcarrier spacing. Accordingly, RAN1/2 specification should also consider the case of UE switching the BWP, unless RAN4 specification further precludes the BWP switching time requirements is not required for UE receiving unicast in unicast dedicated BWP and multicast in MBS specific BWP, which however also implies specification impact/efforts. 
Specification impact
The specification efforts of supporting option 2A has been observed in previous meetings, including the discussion regarding whether to preclude the BWP switching time between MBS specific BWP and unicast dedicated BWP, whether MBS specific BWP and unicast dedicated BWP can be activated/deactivated independently, whether the MBS specific BWP is counted in the maximum 4 BWPs that can be configured per serving cell or not, etc., which discussion does not exist if option 2B is supported. 
Overall, option 2B is preferred for defining the CFR for multicast scheduling. 
Proposal 1: Option 2B is supported regarding the CFR definition: 
· Option 2B: The common frequency resource is defined as an ‘MBS frequency region’ with a number of contiguous PRBs, which is configured within the dedicated unicast BWP.

Regarding the configured CORESETS and number of CFR configured for multicast, agreements achieved in RAN1#104e are as follows:
	Agreement: 
If a CFR is configured for multicast in RRC-CONNECTED state and confined within a dedicated unicast BWP, further study the following options.
· Option 1: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP can be used for multicast transmission if the CORESET is fully contained in the CFR in frequency domain, and the CORESET configured in PDCCH-config for MBS in the CFR can be used for unicast transmission.
· Option 2: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP cannot be used for multicast transmission even if the CORESET is fully contained in the CFR in frequency domain, and the CORESET configured in PDCCH-config for MBS in the CFR cannot be used for unicast transmission.
· Option 3: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP can be used for multicast transmission if the CORESET is fully contained in the CFR in frequency domain, but the CORESET configured in PDCCH-config for MBS in the CFR cannot be used for unicast transmission.
· Option 4: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP cannot be used for multicast transmission even if the CORESET is fully contained in the CFR in frequency domain, but the CORESET configured in PDCCH-config for MBS in the CFR can be used for unicast transmission.
Agreement: 
One CFR is supported per dedicated unicast BWP for multicast of RRC-CONNECTED UEs.
· FFS: Whether more than one CFR is supported per dedicated unicast BWP
· FFS: Whether multicast can be supported or not in a dedicated unicast BWP when no CFR is configured for that BWP



CORESETs are configured by gNB and whether a CORESET is used for multicast or unicast scheduling is also up to gNB. Depending on whether the CFR fully contains the CORESETS in frequency domain configured for unicast scheduling within the unicast dedicated BWP, additional CORESETS may or may not be needed. For example, if does not contain, additional CORESET(s) for multicast scheduling is needed; otherwise, gNB can configure the same CORESET for both unicast and multicast scheduling in the CFR if needed. It should be noted that even if additional CORESET(s) is configured, the total number of CORESETs configured to UE is not expected to exceed UE capability. 
Regarding the number of configured CFR per dedicated unicast BWP, the need to support more than one CFR in Rel-17 is not strong and is not preferred since simplified specification support for early commercial deployment is more important. 
Proposal 2: For CFR for multicast scheduling confined within a dedicated unicast BWP, 
· One CFR per a dedicated BWP is sufficient.
· It is up to gNB to configure the same or different CORESETs for unicast and multicast scheduling within the CFR. 
· The total number of CORESETs is not expected to be increased comparing to the number UE supported in Rel-16. 
1.2 Scheduling of multicast initial transmission and retransmission
It was agreed to use the same HARQ process number (HPN) in the DCI scheduling retransmission, regardless the DCI is scrambled by C-RNTI (PTP) or G-RNTI (PTM). It was also discussed in the last meeting that whether the same HPN can be reused for initial transmission of a new TB if the earlier TB using the same HPN was failed decoding but the discussion does not lead to any conclusion/FFS. We continue this discussion in this section. 
It should be noted that PTM scheduling targets a group of UE to receive the same TB, there could be many cases that some of UEs failed decoding, missed the scheduling, or the HARQ-ACK feedback taking long time for some reasons, it does not make sense to restrict network to use different HPN for such cases because the HPN for initial transmission of a new TB also needs to be different from the HPN for unicast for each of UEs in the group. 
Enabling network scheduling anther PDSCH for a given HARQ process before the end of the expected transmission of HARQ-ACK for that HARQ process would help alleviate network scheduling difficulties in some extent as illustrated in Fig. 1. UE#1 in the group failed decoding multicast TB#1 with HPN 000 at time “t1”, the network can still use HPN 000 for TB#2 initial transmission by PTM sheme1 and use HPN 000 for UE1’s TB1 retransmission by PTP at time “t2”, even if the expected transmission of HARQ-ACK for HPN 000 of UE1’s TB1 retransmission has not been transmitted. 
[image: ]
Fig. 1: HPN coordination between PTM scheme 1 initial transmission and PTP retransmission
It was argued in the last meeting that a UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process in both Rel-15 and Rel-16. However, it does not work well for the cases we are discussing for PTM, for which network should not be restricted to use a different HPN for the new TB initial transmission. In other words, UE could receive another PDSCH for a given HARQ process before the end of the expected HARQ-ACK transmission, especially when the transmissions are scheduled in the same occasion. 
Proposal 3: UE could receive another PDSCH via PTM for a given HARQ process before the end of the expected HARQ-ACK transmission. 

1.3 Search space configuration
For search space set of group-common PDCCH of PTM scheme 1, there were three alternatives summarized in the previous meeting:
	Agreement: 
For CSS of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, down-select from the following alternatives (to be decided in RAN1#105):
· Alt 1: support Type-3 CSS
· The monitoring priority of Type-3 CSS for group-common PDCCH is the same as existing Rel-15/16 CSS, regardless of which DCI format of group-common PDCCH is configured in Type-3 CSS
· Alt 2: support a new Type-x CSS
· The monitoring priority of new Type-x CSS is determined based on the search space set indexes of the new Type-x CSS set and USS sets, regardless of which DCI format of group-common PDCCH is configured in the new Type-x CSS.
· Alt 3: support both Alt 1 and Alt 2




The open issues include reusing the current CSS type or defining a new CSS type and what the monitoring priority is for this search space. 
Type3-CSS is sufficient for group-common PDCCH without need of defining a new CSS type, especially considering C-RNTI and CS-RNTI scrambled DCI can also be scheduled in Type3-CSS on PCell, which can solve the monitoring priority issue. 
Regarding the monitoring priority, first of all, the monitoring priority is defined in the case of overbooking allowable only for PCell. When overbooking happens on PCell, either unicast URLLC services for the UE are scheduled in Type3-CSS as well when multicast is scheduled at the same time, or it is up to network to not configure the Type3-CSS for multicast and the USS for URLLC in the same slot to avoid overbooking, so that unicast URLLC services scheduling would not be skipped by the UE. Hence, it can be up to network to guarantee multicast of low priority scheduled in Type3-CSS would not necessarily lead to unicast URLLC services of high priority being dropped because of overbooking. 
Therefore, the monitoring priority for Type3-CSS can be kept the same as the current specification defined. 
Proposal 4: For search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state,
· Reuse Type3-CSS with monitoring priority kept the same as the current specification defined. 
1.4 Scheduling DCI format(s) for multicast
In the previous meeting, it was agreed that at least two DCI formats which is shown as following:
	Agreement: 
For group-common PDCCH of Rel-17 MBS, support at least two DCI formats.
· DCI format 1_0 is used as the baseline for the first DCI format with CRC scrambled with G-RNTI.
· DCI format 1_1 or 1_2 is used as the baseline for the second DCI format with CRC scrambled with G-RNTI
· FFS: Which of DCI format 1_1 or 1_2 is used as the baseline
· FFS: Details of the reuse (or not) of DCI format 1_0, 1_1 or 1_2 fields 


The agreements stating “the first DCI format” and “the second DCI format” instead of using fallback and non-fallback DCI formats for multicast scheduling was because there was argument that even though DCI format 1_0 is to be used for scheduling some of fields would rely on higher layer configurations which may probably lead to variable sizes of DCI format 1_0.   
On one hand, scheduling multicast PDSCH is similar to scheduling unicast in a large extent. From this sense, the current DCI formats can be reused with necessary modification for scheduling multicast in principle. On the other hand, from DCI size alignment perspective, the DCI formats configured for multicast scheduling may also need to consider what formats are configured for unicast scheduling. For example, if DCI format 1_1 is configured for unicast scheduling, the same DCI format being configured for multicast scheduling may probably relieve UE effort of DCI size alignment or gNB effort of scheduling to avoid BD/CCE exceeding UE capability. Therefore, there is no need to preclude any DCI format at least from DCI formats 1_0/1_1/1_2 at this stage. 
What can be proceeded for discussion is what fields are necessary to be modified based on the DCI formats 1_0/1_1/1_2 for scheduling multicast. One of them is the FDRA which should be dimensioned per the CFR for scheduling multicast. 
Proposal 5: Both of DCI formats 1_1 and 1_2 can be used for scheduling multicast with necessary modifications:
· One of the modifications is the FDRA field in DCI which should be dimensioned per the CFR. 
1.5 DCI size budget
In order to keep blind decoding to a reasonable level for a UE, the DCI formats that a UE monitors per slot/span should be subject to size alignment within a budget. The current DCI size budget is that the total number of different DCI sizes configured to monitor is no more than 4 for the cell and the total number of different DCI sizes with C-RNTI configured to monitor is no more than 3 for the cell. 
In our view, considering the implementation complexity in UE, existing DCI size budget should be kept. Therefore, size of the DCI scheduling multicast can be aligned with existing DCI format being scheduled at least for DCI format 1_0, or it is up to gNB implementation to guarantee the number of DCI sizes not exceeding the current size budget. 
Proposal 6: The existing “3+1” DCI size budget should be kept for multicast, and DCI size should be aligned at least for DCI format 1_0 for unicast and multicast scheduling.
1.6 Simultaneous retransmissions
In the last meeting, for dynamic or SPS scheduling for multicast, one issue discussed without conclusion is whether PTM and PTP retransmission can be configured to UE simultaneously. 
From UE perspective, if UE is configured for both unicast and multicast reception, UE will always monitor C-RNTI and G-RNTI scrambled DCI. Until the DCI is decoded, UE knows the scheduling is for initial transmission or retransmission by the HARQ process number and NDI. From this sense, UE is always ready to receive PTM and PTP for retransmission with no need of explicit/default configuration of which scheme being used for retransmission. In other words, as long as UE supports both unicast and multicast reception, PTM and PTP retransmission schemes are simultaneously supported. Meanwhile, it is up to gNB to retransmit the failed TB via PTM or PTP. 
Proposal 7: It is up to gNB to retransmit the failed TB via PTM scheme 1 or PTP.
· UE does not need to be configured with PTM scheme 1 or PTP or both for retransmission. 
1.7 SPS for multicast
For SPS group-common PDSCH for multicast for RRC_CONNECTED UEs, the agreement is shown as follows:
	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: 
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


[bookmark: _GoBack]Regarding SPS multicast scheduling, one FFS whether CS-RNTI can be used for PTP retransmission of SPS group-common PDSCH should be discussed in RAN1, although it was included in the LS [2] to RAN2. CS-RNTI defined for SPS unicast retransmission is because there is normally no DCI for SPS initial transmission and the NDI is always set to zero in the activated DCI for the SPS transmission. Therefore, identifying initial/retransmission by the same HARQ process number together with toggled/non-toggled NDI in C-RNTI scrambled DCI does not work for SPS. This is similar to SPS multicast also, i.e., G-RNTI does not work. However, CS-RNTI can be used for scrambling the retransmission for SPS multicast as well regardless whether UE is configured with SPS unicast.  
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 8: CS-RNTI can be used for scrambling the retransmission for SPS multicast.
Conclusions
This paper focuses on discussion on multicast scheduling for RRC_CONNECTED UEs, which leads to the proposals as follows:
Proposal 1: Option 2B is supported regarding the CFR definition: 
· Option 2B: The common frequency resource is defined as an ‘MBS frequency region’ with a number of contiguous PRBs, which is configured within the dedicated unicast BWP.
Proposal 2: For CFR for multicast scheduling confined within a dedicated unicast BWP, 
· One CFR per a dedicated BWP is sufficient.
· It is up to gNB to configure the same or different CORESETs for unicast and multicast scheduling within the CFR. 
· The total number of CORESETs is not expected to be increased comparing to the number UE supported in Rel-16. 
Proposal 3: UE could receive another PDSCH via PTM for a given HARQ process before the end of the expected HARQ-ACK transmission.
Proposal 4: For search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state,
· Reuse Type3-CSS with monitoring priority kept the same as the current specification defined. 
Proposal 5: Both of DCI formats 1_1 and 1_2 can be used for scheduling multicast with necessary modifications:
· One of the modifications is the FDRA field in DCI which should be dimensioned per the CFR. 
Proposal 6: The existing “3+1” DCI size budget should be kept for multicast, and DCI size should be aligned at least for DCI format 1_0 for unicast and multicast scheduling.
Proposal 7: It is up to gNB to retransmit the failed TB via PTM scheme 1 or PTP.
· UE does not need to be configured with PTM scheme 1 or PTP or both for retransmission. 
Proposal 8: CS-RNTI can be used for scrambling the retransmission for SPS multicast.
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