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Introduction
This contribution considers remaining issues on group-scheduling for RRC_CONNECTED UEs. 

Group Scheduling
DCI formats for Multicast
The following agreement was in RAN1#107-e for the contents of the second DCI format for multicast.  

Agreement
Multicast DCI format 1_1 includes all configurable fields of unicast DCI format 1_1 except
· Identifier for DCI formats, TPC command for scheduled PUCCH, SRS request
· FFS: Scell dormancy indication
· One-shot HARQ-ACK request, PDSCH group index, New feedback indicator, Number of requested PDSCH group(s), ChannelAccess-Cpext
· CBGTI, CBGFI
· Minimum applicable scheduling offset indicator
· FFS: Carrier indicator, BWP indicator, ZP CSI-RS trigger
· FFS: MCS/NDI/RV for TB2

For the FFS fields, the following considerations apply. 
· MCS/NDI/RV for TB2: Although scenarios where all UEs in a group experience good enough SINRs to support 2 TBs can be argued as unlikely, such scenarios can occur in relatively isolated cells (indoor cells, such as stadiums, or in microcells). In general, there is no apparent reason to prohibit multicast PDSCH receptions providing 2 TBs by specification and the overall UE procedures can follow the ones for unicast.
· SCell dormancy/CIF: Assuming cross-carrier scheduling is not support for multicast, the CIF field is not needed in the second multicast DCI format. Also, as SCell dormancy is UE-specific, if a same principle as for the BWP inactivity timer is to be followed (no separate timer for multicast), the SCell dormancy is also not needed. 
· BWP indicator: Using a BWP indicator would only be useful if an active BWP change happens to be needed for all unicast BWPs (and if all UEs in the group of UE support DCI-based BWP switching). Overall, there is no apparent realistic use case to change the active BWP for all UEs in a multicast group, also considering that the BWP inactivity timer (applicable to both multicast and unicast) can be used. 
· ZP CSI-RS trigger: ZP CSI-RS can be useful for PDSCH rate matching or for IMR with the former being relevant to multicast PDSCH receptions. Although the rate matching patterns could also be used for that purpose, the ZP CSI-RS allows for better granularity and is more suitable to cover NZP CSI-RS configurations to other UEs.

Also, for both the first and second multicast DCI formats, the size of the HARQ process number (HPN) field should remain at 4 bits as the total number of HARQ processes remains 16. Increasing the number of HARQ processes to 32 while allowing a UE to assume only up to 16 HARQ processes for buffer requirements (as in Rel-16) is not consistent/compatible with actual implementations as use of the buffer is statistical based on TB BLER and it is not feasible to increase the number of HARQ processes without increasing UE buffer requirements or having some throughput loss. 

Proposal 1: For the multicast DCI formats:
a) The second DCI format includes the MCS/NDI/RV for TB2 and the ZP CSI-RS fields
b) The second DCI format does not include the SCell dormancy, CIF, BWP indicator fields
c) The size of the HPN field is 4 bits for both DCI formats 


PDSCH-Config for MBS can also include MBS-rateMatchPatternGroup1 and MBS-rateMatchPatternGroup2 to indicate unavailable REs within a CFR, as for unicast rateMatchPatternGroup1 and rateMatchPatternGroup2. The rate matching patterns in PDSCH-Config for multicast cannot, in general, be same as the unicast ones. The UE behavior when receiving unicast/multicast PDSCH in REs indicated in the multicast/unicast rate matching pattern needs to be defined – e.g. for FDM of multicast PDSCH and unicast PDSCH, whether or not a UE should ignore the multicast/unicast rate matching pattern for unicast/multicast PDSCH reception. A same consideration applies for the ZP CSI-RS as, in general, the configuration in PDSCH-Config for MBS need not be same as the configuration in PDSCH-Config for unicast.

For example, applicability of RateMatchingPattern(s) can be as follows:
· RateMatchingPattern(s) for unicast (in PDSCH-Config for unicast) do not apply for multicast PDSCHs because they can be different among UEs in an MBS group.
· For RateMatchingPattern(s) for multicast (in PDSCH-Config for multicast), a same procedure as for unicast is used to determine RateMatchingPattern(s) to apply based on whether multicast PDSCH is scheduled by DCI format 4_1 or DCI format 4_2.
· RateMatchingPattern(s) for multicast (in PDSCH-Config for multicast) apply for unicast PDSCHs (in the CFR).  

Proposal 2: Conclude how a UE receives unicast/multicast PDSCH in REs indicated in the multicast/unicast rate matching pattern or in the multicast/unicast ZP CSI-RS trigger.


PDCCH Monitoring 
For search space set dropping in case of overbooking, prioritization among multicast CSS sets and USS sets depends on the indexes of search space sets. Prioritization is also needed for determining CORESETs for a UE to monitor PDCCH if the TCI state is 'typeD'. Currently, the CSS sets for multicast are always prioritized over the USS sets for unicast and that can lead to cases where multicast CSS sets are dropped for overbooking (e.g. to prioritize USS sets for URLLC scheduling) but then the USS sets are dropped due to the procedure for determining CORESETs for PDCCH receptions. 

In Rel-16, if a UE is configured for single cell or intra-band CA and monitors PDCCH in overlapping occasions in multiple CORESETs with qcl-Type set to 'typeD', the UE monitors PDCCHs only in a CORESET, and in any other CORESET from the multiple CORESETs with qcl-Type set to same 'typeD' properties as the CORESET, where the CORESET corresponds to the CSS set with the lowest index in the cell with the lowest index containing CSS, if any; otherwise, to the USS set with the lowest index in the cell with lowest index. Then, as for overbooking, the issue is whether the CSS set for multicast is always prioritized over USS sets or whether the same approach as for overbooking applies. The latter option is preferable in order to have a consistent design and avoid restrictions to network operation as the QCL properties for MBS PDCCHs and for unicast PDCCHs can be different (e.g. wider beam vs. narrower beam). 

Proposal 3: When a UE monitors PDCCH only according to USS sets and CSS sets for multicast in CORESETs with qcl-Type set to same 'typeD' properties, the CORESETs are the ones having same 'typeD' properties as the CORESET corresponding to the USS set or CSS set for multicast with the lowest index. 
[bookmark: _Hlk74145913]

A UE can monitor PDCCH for broadcast PDSCH scheduling in RRC_CONNECTED. For the search space set prioritization in the overbooking procedure, the relative priority of the search space sets for PDCCH scheduling broadcast PDSCH was not discussed and it should follow the same principle as for PDCCH scheduling multicast PDSCH.

Proposal 4: CSS sets provided by searchSpace-Broadcast follow same prioritization rule for search space set overbooking procedure as CSS sets provided by searchSpace-Multicast.


CA for Multicast
CA for multicast was considered/discussed in RAN1#107-e focusing primarily on whether to support self-scheduling on an SCell for multicast or whether to support cross-carrier scheduling. An LS from RAN2 [2] was also considered.

Supporting multicast on an SCell can be useful to offload respective traffic from the PCell. That can be beneficial in general and, in some real deployments such as in LTE-NR coexistence, a benefit can be substantial. A limitation of CA for multicast is of course that all UEs in a group need to support CA (a UE needs to receive at least SIB/RAR/paging on the PCell).

From a RAN1 specification perspective several mechanisms can be considered to support multicast scheduling with CA but, given the maintenance phase of current work, if the feature is to be introduced, focus should be on obtaining the majority of benefits from the functionality itself without pursuing optimizations. Self-scheduling on an SCell where each UE in a group can be assumed to also have unicast scheduling would require practically no additional RAN1 specification impact compared to scheduling only on the PCell. PDCCH monitoring according to Type-3 CSS sets on SCell is supported since Rel-15. As for unicast scheduling on the SCell, some simplifications will occur such as absence of an overbooking procedure. Cross-carrier scheduling is also OK to support as, even if a CIF mapping is defined separately for unicast and multicast, the RRC impact is trivial (e.g. the Rel-16 unicast one can be duplicated for multicast). 

Assuming that traffic offloading is the primary reason to support multicast PDSCH scheduling on an SCell, Rel-17 may consider only self-scheduling. There is no apparent need to introduce a new UE capability as a UE supporting multicast and supporting DL CA, can directly support multicast with self-scheduling on an SCell. For LTE-NR coexistence, where the NR SCell is on a higher frequency band than the PCell, coverage should be maintained and the Rel-17 dynamic spectrum sharing (DSS) functionality should also apply for multicast PDSCH (only PDCCH is offloaded to avoid LTE PDCCH). As for CA with self-carrier scheduling, no additional specification support is needed (at least if there is no simultaneous self-carrier multicast scheduling on the SCell).

Proposal 5: Support self-scheduling for multicast on an SCell.

Proposal 6: Support Rel-17 DSS for multicast PDSCH.
 

In [2], RAN2 informed the following.
	From RAN2 point of view, the UE may receive MBS broadcast service from SCell in intra-PLMN case and if supported this may be a separate UE capability. Send an LS to RAN1 to ask to check the feasibility of MBS broadcast reception on SCell. 
From RAN2 point of view, the connected UE may if supported receive MBS broadcast service from non-serving cell in intra-PLMN case, under the condition this does not have any impact to operation on serving cell(s). This may be a separate UE capability. Send an LS to RAN1 to ask to check the feasibility.



In general, it is unclear what “reception of MBS broadcast service from a non-serving cell” means. To receive the broadcast service, a UE needs to receive corresponding scheduling parameters via a DCI format in a PDCCH that the UE monitors according to a CSS set. Given a configuration of such CSS sets to the UE, it is unclear what a difference between a “serving cell” and a “non-serving cell” is – the “non-serving cell” is the serving cell for the SCell. Also, partitioning of the PDCCH monitoring capability of UEs would be needed and would require a corresponding change in the determination of  and  (and that has an impact to operation on “serving cells”). It is noted that such operation is not same as only receiving MIB/SIB from a non-serving cell.


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.

The Rel-16 mechanism can be extended for resolving overlapping among TDM unicast PDSCHs and multicast PDSCHs. For FDM unicast/multicast PDSCHs, a UE can first separately resolve, as in Rel-16, 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 time and frequency, the collision can be resolved by reusing Rel-16 rules; otherwise, the UE can receive both PDSCHs.

Proposal 7: If a UE does not support FDM PDSCH receptions, the UE resolves collisions among unicast PDSCHs and multicast PDSCHs by reusing Rel-16 rules.

Proposal 8: If a UE supports only FDM PDSCH receptions per slot on a serving cell, the UE first resolves collisions among unicast PDSCHs and collisions among multicast PDSCHs as in Rel-16. If the resulting unicast PDSCH and multicast PDSCH overlap in time and frequency, the UE receives one of the PDSCHs by reusing Rel-16 rules.


When a UE supports both TDM and FDM PDSCH receptions, the UE can receive either multiple PDSCHs that do not overlap in time in a slot or can receive one unicast PDSCH and one multicast PDSCH in a slot via FDM. Resolving PDSCH collisions for this case needs to consider both TDM and FDM PDSCH receptions and resulting rules can be complicated. For a simple mechanism, the gNB can configure the UE to follow either TDM PDSCH receptions or FDM PDSCH receptions, or unicast PDSCH receptions can be prioritized.

Proposal 9: If a UE supports both TDM and FDM PDSCH receptions, either RRC configures the UE to follow TDM or FDM PDSCH receptions in case of collisions or the UE prioritizes unicast PDSCH receptions by specification.


LBRM and TBS determination
In RAN1#107-e, the following was agreed.
 
Agreement
For the LBRM/TBS determination for PTP retransmission of multicast, Option 2 is supported.
· Option 2: based on the LBRM/TBS determination of the legacy unicast PDSCH transmission
· Note: The UE is not required to soft combine the PTM initial transmission and the PTP retransmission in case of different circular buffer
· FFS: spec impact, if any

From the above agreement, a UE is not required to combine a PTM initial transmission and a PTP retransmission in case of different circular buffer. That is fine but a gNB needs to know whether a UE can or cannot combine. Otherwise, the gNB has to be conservative and assume no combining in case of different circular buffer which will penalize performance for UEs that can combine. Therefore, a UE should indicate support for this feature as part of its capability report. If the UE does not indicate such capability, the UE does not support combining in case of different circular buffer sizes.

Proposal 10: A UE indicates whether it supports combining PTM initial transmission and PTP retransmission in case of different circular buffer sizes.


Miscellaneous alignments with unicast UE behavior
For the following, the UE behavior for unicast PDCCH/PDSCH receptions should be extended to multicast PDCCH/PDSCH receptions.

The following can also include G-RNTI, G-CS-RNTI, and MCCH-RNTI.

	10.1	UE procedure for determining physical downlink control channel assignment 
<< Unchanged text is omitted >>
If a UE is provided 
-	one or more search space sets by corresponding one or more of searchSpaceZero, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, ra-SearchSpace, and 
-	a C-RNTI, an MCS-C-RNTI, or a CS-RNTI, a MCCH-RNTI, G-RNTI, or G-CS-RNTI
the UE monitors PDCCH candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI, the MCS-C-RNTI, or the CS-RNTI, or for DCI format 4_0 with CRC scrambled by the MCCH-RNTI, or for DCI format 4_0 with CRC scrambled by the G-RNTI or G-CS-RNTI in the one or more search space sets in a slot where the UE monitors PDCCH candidates for at least a DCI format 0_0 or a DCI format 1_0 with CRC scrambled by SI-RNTI, RA-RNTI, MsgB-RNTI, or P-RNTI.
<< Unchanged text is omitted >>




The following should also include G-RNTI, G-CS-RNTI, and MCCH-RNTI. 
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<< Unchanged text is omitted >>
A UE does not expect to detect, in a same PDCCH monitoring occasion, a DCI format with CRC scrambled by a SI-RNTI, RA-RNTI, MsgB-RNTI, TC-RNTI, P-RNTI, C-RNTI, CS-RNTI, or MCS-RNTI, MCCH-RNTI, G-RNTI, or G-CS-RNTI and a DCI format with CRC scrambled by a SL-RNTI or a SL-CS-RNTI for scheduling respective PDSCH reception and PSSCH transmission on a same serving cell.
<< Unchanged text is omitted >>




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

Proposal 1: For the multicast DCI formats:
d) The second DCI format includes the MCS/NDI/RV for TB2 and the ZP CSI-RS fields
e) The second DCI format does not include the SCell dormancy, CIF, BWP indicator fields
The size of the HPN field is 4 bits for both DCI formats

Proposal 2: Conclude how a UE receives unicast/multicast PDSCH in REs indicated in the multicast/unicast rate matching pattern or in the multicast/unicast ZP CSI-RS trigger.

Proposal 3: When a UE monitors PDCCH only according to USS sets and CSS sets for multicast in CORESETs with qcl-Type set to same 'typeD' properties, the CORESETs are the ones having same 'typeD' properties as the CORESET corresponding to the USS set or CSS set for multicast with the lowest index. 

Proposal 4: CSS sets provided by searchSpace-Broadcast follow same prioritization rule for search space set overbooking procedure as CSS sets provided by searchSpace-Multicast.

Proposal 5: Support self-scheduling for multicast on an SCell.

Proposal 6: Support Rel-17 DSS for multicast PDSCH.

Proposal 7: If a UE does not support FDM PDSCH receptions, the UE resolves collisions among unicast PDSCHs and multicast PDSCHs by reusing Rel-16 rules.

Proposal 8: If a UE supports only FDM PDSCH receptions per slot on a serving cell, the UE first resolves collisions among unicast PDSCHs and collisions among multicast PDSCHs as in Rel-16. If the resulting unicast PDSCH and multicast PDSCH overlap in time and frequency, the UE receives one of the PDSCHs by reusing Rel-16 rules.

Proposal 9: If a UE supports both TDM and FDM PDSCH receptions, either RRC configures the UE to follow TDM or FDM PDSCH receptions in case of collisions or the UE prioritizes unicast PDSCH receptions by specification.

Proposal 10: A UE indicates whether it supports combining PTM initial transmission and PTP retransmission in case of different circular buffer sizes.
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