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Introduction
This contribution considers remaining maintenance issues on group-scheduling for RRC_CONNECTED UEs [1]. 

Group Scheduling
Collisions of unicast PDSCHs and multicast PDSCHs
Rel-16, FDM for unicast PDSCH receptions is not supported on a same serving cell. For two overlapping SPS PDSCHs, a UE receives the one with smaller configuration index. For a SPS PDSCH overlapping with a DG PDSCH, if a timeline condition is satisfied, a UE receives the DG PDSCH. If there are more than 2 overlapping PDSCHs, a UE first resolves the collision among SPS PDSCHs and then resolves the collision between DG PDSCHs and SPS PDSCHs.

Collisions of unicast/multicast PDSCH receptions were discussed in RAN1#108-e but consideration was focused on SPS PDSCHs when a UE is provided fdmed-Reception-Multicast. However, first, the Rel-16 based operation (no UE capability for FDMed PDSCH receptions on a same cell) should be addressed and the Rel-16 specifications can be directly extended to include multicast. The reason for the Rel-16 operation/rules is because SPS PDSCH configurations can have different periodicities and collisions are then unavoidable – it is not something that the gNB can avoid. The same applies for multicast SPS PDSCHs and the situation is even worse for combinations of unicast SPS PDSCHs and multicast SPS PDSCHs.   
 
Proposal 1: If a UE does not support FDM unicast/multicast PDSCH receptions, the UE resolves collisions among unicast PDSCHs and multicast PDSCHs by reusing Rel-16 rules.

For FDM unicast/multicast PDSCHs, a UE can first resolve collisions among SPS PDSCHs and then resolve collisions among DG PDSCHs and SPS PDSCHs following Rel-16 procedure. Resolving collisions among SPS PDSCHs can again be based on the Rel-16 procedure where a UE can first separately resolve collisions among unicast SPS PDSCHs resulting in up to 1 unicast SPS PDSCH, and collisions among multicast SPS PDSCHs resulting in up to 1 multicast SPS PDSCH. If, after resolving the collisions among unicast SPS PDSCHs and resolving the collisions among multicast SPS PDSCHs, the unicast SPS PDSCH and multicast SPS PDSCH overlap in both frequency and time domain, the UE receives the unicast SPS PDSCH. 

Proposal 2: If a UE supports only FDM PDSCH receptions per slot on a cell, the UE first separately resolves collisions among unicast SPS PDSCHs resulting in up to 1 unicast SPS PDSCH and among multicast SPS PDSCHs resulting in up to 1 unicast SPS PDSCH as in Rel-16. If the resulting unicast and multicast SPS PDSCHs overlap in both time and frequency domain, the UE receives the unicast SPS PDSCH.

After resolving collisions among SPS PDSCHs, the UE resolves collisions among DG PDSCH and SPS PDSCHs. If a DG PDSCH overlaps in time with a SPS PDSCH of same cast type, the UE receives the DG PDSCH and does not receive the SPS PDSCH (as in Rel-16). If a DG PDSCH overlaps with a SPS PDSCH in both time and frequency, the UE receives the DG PDSCH and does not receive the SPS PDSCH. If a UE would receive a unicast SPS PDSCH and a multicast SPS PDSCH in a slot after resolving collisions among SPS PDSCHs and the UE is scheduled to receive a DG PDSCH in a same slot, the UE receives the DG PDSCH and does not receive the SPS PDSCH of same cast type as the DG PDSCH regardless of whether the DG PDSCH and the SPS PDSCH of same cast type overlap in time domain.

Proposal 3: If a UE supports only FDM PDSCHs per slot on a cell, if a DG PDSCH overlaps with a SPS PDSCH in both time and frequency, the UE receives only the DG PDSCH if the timeline condition is satisfied. If a UE would receive both unicast SPS PDSCH and multicast SPS PDSCH in a slot after resolving collisions among SPS PDSCHs and is scheduled to receive a DG PDSCH in the slot then, for a cast type, the UE receives only the DG PDSCH if the timeline condition is satisfied.

RAN1 needs to conclude whether a UE can support both TDM and FDM PDSCH receptions in a slot of a serving cell. Given that FDM PDSCH receptions are already beyond the WI scope, it would be preferable to not further extend the scope of FDM PDSCH receptions as anyway there are no Rel-15/16 UEs that can support it without hardware impact. If TDM and FDM PDSCH receptions were to be supported, collision resolution would become more complex. A simple mechanism could be to prioritize unicast PDSCH receptions.

Observation 1: FDM and TDM multicast/unicast PDSCH receptions are beyond the WI scope and would require additional rules (on top of Rel-16) for resolving collisions.


PDCCH Monitoring 
PDCCH monitoring prioritization for CORESETs with different TCI states was discussed in RAN1#108e without conclusion. One suggestion for keeping the current different prioritization (CSS sets have higher priority than USS sets) was to rely on the gNB to configure respective CORESETs with same TCI states and thus avoid having UEs potentially drop all unicast PDCCHs. However, in practice, that would not be possible. 

Assuming that a UE receives PDCCH and corresponding PDSCH using a same beam, the beam for multicast will need to be wider than the beam for unicast as very few UEs can be served by the narrow beam for unicast (e.g. for providing high data rates) – it is not reasonable to design MBS assuming all UEs for each MBS service have same beams for unicast. With the default prioritization of CSS sets that is currently specified for PDCCH monitoring in CORESETs with different TCI states, it may not be possible for a gNB to reach a UE for scheduling unicast traffic requiring high data rates (e.g. XR) in a slot if the UE is also configured to receive PDCCH for MBS traffic in that slot. As the gNB will not compromise unicast traffic, the gNB will then have to use CORESET#0 for MBS but that would limit MBS to low data rates since the beam for CORESET#0 is the (most wide) SSB beam to support large coverage for low data rates (SI, paging, RAR). Basically, prioritization of search space sets for overbooking and for determining CORESETs for PDCCH receptions should not be different. As the limitation for the number of CORESETs is much stricter than the BD/CCE limitation, it is actually more important for a NW to be able to have USS sets with higher priority than MBS CSS sets for PDCCH monitoring in CORESETs with different TCI states than it is for the overbooking procedure.   

Proposal 4: The search space set prioritization for PDCCH monitoring is same for the overbooking procedure and for determining CORESETs with different TCI states. 
[bookmark: _Hlk74145913]

LBRM and TBS determination
In RAN1#107bis-e, it was discussed whether or not to have a UE capability for LBRM/TBS determination of the unicast PDSCH (re)transmission – the issue was deprioritized in RAN1#108-e. Of course, it is a UE implementation issue whether or not the UE has the capability to combine LLRs for initial transmission and retransmission in case of different circular buffer sizes. But if the gNB does not know, the gNB has to assume that the UE does not have the capability and the gNB has no reason to support unicast retransmissions as there would not be any throughput benefit, at least in FR1. That would be against the agreement from RAN1#107-e which makes it obvious that a UE has to indicate whether it has the capability. The default can be no indication which would mean no support.

Proposal 5: A UE indicates whether it can support combining PTM initial transmission and PTP retransmission in case of different circular buffer sizes.


PTM based SPS PDSCH retransmission with repetitions
For unicast SPS PDSCH retransmission with repetitions, the repetition number is determined based on pdsch-AggregationFactor. For multicast, the corresponding parameter pdsch-AggregationFactorMulticast is configured per G-RNTI and there can be multiple G-RNTIs. Therefore, for PTM based SPS PDSCH retransmission with repetitions, pdsch-AggregationFactorMulticast cannot be used. Then, using the pdsch-AggregationFactor configured in the SPS-Config as the repetition number can apply as for unicast SPS PDSCH retransmission.
Proposal 6: For PTM based SPS PDSCH retransmission, the repetition number is determined by pdsch-AggregationFactor in SPS-Config.


HARQ process for MCCH/MTCH(s)
In an LS from RAN2 [2], the following is stated.

	RAN2 has discussed about dedicated HARQ process IDs for MCCH and Broadcast MTCH(s), and made the following agreement with an assumption:
· There are no dedicated HARQ process IDs for MCCH and Broadcast MTCH (assumption: single HARQ process for MCCH and single HARQ process for MTCH, not clear whether they can share the same, details would be RAN1 scope)

ACTION: 	RAN2 kindly asks RAN1 to confirm the RAN2 assumption on single HARQ process for MCCH and single HARQ process for Broadcast MTCH(s).



There is no dedicated HARQ process associated with MCCH/MTCH(s) as it is also evident from the fact that DCI format 4_0 does not include a HPN field. It is also up to the gNB whether to use single HARQ process or separate HARQ processes for MCCH and MTCH (e.g. depending on the scheduling and on whether there are ‘blind’ retransmissions) but from a UE perspective it is OK to assume single HARQ process for MCCH and single HARQ process for MTCH(s).

Proposal 7: Confirm the RAN2 understanding in [2].


Conclusions
This contribution considered reliability improvements for MBS and proposes the following.

Proposal 1: If a UE does not support FDM unicast/multicast PDSCH receptions, the UE resolves collisions among unicast PDSCHs and multicast PDSCHs by reusing Rel-16 rules.

Proposal 2: If a UE supports only FDM PDSCH receptions per slot on a cell, the UE first separately resolves collisions among unicast SPS PDSCHs resulting in up to 1 unicast SPS PDSCH and among multicast SPS PDSCHs resulting in up to 1 unicast SPS PDSCH as in Rel-16. If the resulting unicast and multicast SPS PDSCHs overlap in both time and frequency domain, the UE receives the unicast SPS PDSCH.

Proposal 3: If a UE supports only FDM PDSCHs per slot on a cell, if a DG PDSCH overlaps with a SPS PDSCH in both time and frequency, the UE receives only the DG PDSCH if the timeline condition is satisfied. If a UE would receive both unicast SPS PDSCH and multicast SPS PDSCH in a slot after resolving collisions among SPS PDSCHs and is scheduled to receive a DG PDSCH in the slot then, for a cast type, the UE receives only the DG PDSCH if the timeline condition is satisfied.

Proposal 4: The search space set prioritization for PDCCH monitoring is same for the overbooking procedure and for determining CORESETs with different TCI states. 

Proposal 5: A UE indicates whether it can support combining PTM initial transmission and PTP retransmission in case of different circular buffer sizes.

Proposal 6: For PTM based SPS PDSCH retransmission, the repetition number is determined by pdsch-AggregationFactor in SPS-Config.

Proposal 7: Confirm the RAN2 understanding in [2].


The following observation is also made.

Observation 1: FDM and TDM multicast/unicast PDSCH receptions are beyond the WI scope and would require additional rules (on top of Rel-16) for resolving collisions.
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