
[bookmark: _Hlk91681971][bookmark: OLE_LINK1]3GPP TSG RAN WG1 #108-e	        		             R1-2202034
e-Meeting, February 21st – March 3rd, 2022
[bookmark: Source]Agenda item:	8.12.1
Source: 	Samsung  
Title: 	Maintenance on group scheduling for RRC_CONNECTED UEs
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
This contribution considers remaining issues on group-scheduling for RRC_CONNECTED UEs. 

Group Scheduling
Collisions of unicast PDSCHs and multicast PDSCHs
In 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#107bis-e but consideration was only for 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 separately resolve collisions among unicast PDSCHs, and collisions among multicast PDSCHs. If, after resolving the collisions among unicast PDSCHs and resolving the collisions among multicast PDSCHs, the resulting unicast PDSCH and multicast PDSCH overlap in frequency, the collision can be resolved by reusing Rel-16 rules; otherwise, the UE can receive both PDSCHs.

Proposal 2: If a UE supports only FDM PDSCH receptions per slot on a cell, the UE first separately resolves collisions among unicast PDSCHs and among multicast PDSCHs as in Rel-16. If the resulting unicast and multicast PDSCHs overlap in frequency, the UE receives one PDSCH using Rel-16 rules; else, the UE receives both PDSCHs.


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 for the gNB to configure the UE to follow either prioritization for TDM PDSCH receptions or for FDM PDSCH receptions, or unicast PDSCH receptions could be prioritized by specification.

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 
In RAN1#107bit-e, it was discussed whether DCI format 0_0/1_0 (C-RNTI) can be provided in a same search space set as for DCI format 4_1 (G-RNTI). This has been possible ever since Rel-8 LTE where DCI format 1_0 could have SI/RA/P/C-RNTI, it is possible in Rel-15 for the Type-3 CSS sets, and has proven to be a useful capability for a network in scheduling a UE. As in Rel-15, there is no impact to RAN1 specification and the only impact to RAN2 specification is same as in Rel-15 (i.e. have the optional configuration of dci-Format0-0-AndFormat1-0). It makes no sense for detection of unicast DCI formats to be prohibited in searchSpace-Multicast, particularly since that is now even more relevant because a retransmission of a TB (that was first scheduled by a multicast DCI format) can be with a unicast DCI format.

Proposal 3: searchSpace-Multicast includes the optional configuration of dci-Format0-0-AndFormat1-0.


Another issue that is not clear based on current agreements is whether searchSpace-Multicast always includes both DCI format 4_1 and DCI format 4_2 or can include either or both of them. As the two multicast DCI formats can in general have different sizes, always configuring both of them in a searchSpace-Multicast is detrimental and it is preferable for a gNB to be able to configure one or both of DCI formats 4_1 and 4_2 is a searchSpace-Multicast.

Proposal 4: searchSpace-Multicast includes one or both of DCI format 4_1 and DCI format 4_2.


For search space set dropping in case of overbooking, prioritization among multicast/braodcast CSS sets and USS sets depends on the indexes of search space sets. A same prioritization is also needed for a UE to determine CORESETs to receive PDCCH if the TCI state is 'typeD'. Currently, the CSS sets for multicast/broadcast are always prioritized over the USS sets. In addition to restriction to network operation, that design discrepancy can even lead to cases where multicast/broadcast CSS sets are dropped and USS are prioritized for overbooking (e.g. high priority unicast traffic) but then the UE cannot monitor PDCCH in the USS sets because CORESETs for multicast/broadcast CSS sets are prioritized. 

Proposal 5: The search space set prioritization for PDCCH monitoring is same for the overbooking procedure and for determining CORESETs with different TCI states. 
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A UE can drop monitoring of PDCCHs for CSS sets provided by searchSpace-Broadcast in the RRC_CONNECTED state. RAN1 needs to clarify whether or not that also applies in the RRC_INACTIVE state as the UE monitors PDCCH for the same non-Type3 CSS sets, also monitors PDCCH for Type3 CSS sets such as for detection of DCI format 2_7, and also monitors PDCCH for unicast DCI formats such as for DCI format 0_0/1_0 for SDT. 

Proposal 6: RAN1 to conclude whether or not a UE performs the overbooking procedure for searchSpace-Broadcast in the RRC_INACTIVE state. 


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 seems to be misunderstood as some comments were that this is up to UE implementation. Of course, it is up to UE implementation matter (same as for any other optional UE capability) but the issue is that the gNB needs to know whether or not the UE is capable (again, same as for any other optional UE capability). Otherwise, the gNB has to be conservative and assume no combining in case of different circular buffer which will penalize throughput for UEs that can combine and is against the agreement from RAN1#107-e. Therefore, a UE should indicate support in its capability report. The default can be no indication in which case the gNB can assume that the UE does not support combining in case of different circular buffer sizes.

Proposal 7: A UE indicates in the capability report that it can support combining PTM initial transmission and PTP retransmission in case of different circular buffer sizes.


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 PDSCHs and among multicast PDSCHs as in Rel-16. If the resulting unicast and multicast PDSCHs overlap in frequency, the UE receives one PDSCH using Rel-16 rules; else, the UE receives both PDSCHs.

Proposal 3: searchSpace-Multicast includes the optional configuration of dci-Format0-0-AndFormat1-0.

Proposal 4: searchSpace-Multicast includes one or both of DCI format 4_1 and DCI format 4_2.

Proposal 5: The search space set prioritization for PDCCH monitoring is same for the overbooking procedure and for determining CORESETs with different TCI states. 

Proposal 6: RAN1 to conclude whether or not a UE performs the overbooking procedure for searchSpace-Broadcast in the RRC_INACTIVE state. 

Proposal 7: A UE indicates in the capability report that it can support combining PTM initial transmission and PTP retransmission in case of different circular buffer sizes.


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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