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Introduction
[bookmark: _Toc95481824]In this paper, we will present our opinions on some remaining issues on MBS other than mechanisms to improve reliability for RRC_CONNECTED UEs, and provide two text proposals.

Discussion
[bookmark: _GoBack]In MBS UE session of last meeting [1], the moderator suggest to discuss the Type of Feature group-Dynamic scheduling for multicast for PCell and Feature Group-Dynamic scheduling for multicast for SCell at AI8.12. The controversial points lie in that whether the Type is per band or per FSPC for Pcell. Some company think it should be per band and even also be per band for Scell, for the sake of RAN2 signaling overhead. Some company think that both should be per FSPC, based on the highlighted part of the below agreement [1].
	Agreement
If UE supports carrier aggregation for unicast, multicast reception on an activated SCell with self-scheduling is supported subject to UE capability in Rel-17.
· UE is not expected to be configured simultaneously with more than one component carrier for multicast reception.
· Cross-carrier scheduling for multicast reception is not supported in Rel-17.
· The capability of supporting MBS multicast on SCell is a separate capability from the CA capability for unicast.
· The granularity of UE reporting the capability of supporting MBS multicast reception is per FSPC


Next, we would list all the combinations of Types for Pcell and Scell supporting multicast, and provide our views on these combinations.
Table 1 Combinations of FG Types for PCell and SCell supporting multicast
	Combination case 
	Type for PCell
	Type for SCell

	Case 1
	Per band
	Per FSPC

	Case 2
	Per FSPC
	Per band

	Case 3
	Per band
	Per band

	Case 4
	Per FSPC
	Per FSPC


Regarding case 1, when some carriers in one band as Scell can not support dynamic scheduling for MBS while the band can support dynamic scheduling MBS as PScell, frequent handover would  possibly happen to receive MBS for one UE. It would largely affect unicast reception. Likewise, case 2 may evoke frequent Scell change for one UE, and unicast reception could be influenced.
Observation 1: The Type for feature group where UE reporting the capability of supporting MBS multicast reception in Pcell, should be the same as the Type for feature group where UE reporting the capability of supporting MBS multicast reception in Scell.
Regarding Case 3 and Case 4, we have no strong preference. But given that we have agreed that the granularity of UE reporting the capability of supporting MBS multicast reception in Scell is per FSPC, we slightly prefer Case 4. For the signalling overhead issue, we don’t think it is one critical issue. After reviewing other topics, there are also some FGs whose reporting type is FSPC.
Proposal 1: The Type for feature group where UE reporting the capability of supporting MBS multicast reception in Pcell is FSPC.
[bookmark: OLE_LINK1]In Rel-15/16, if a UE is configured for single cell operation or for operation with carrier aggregation in a same frequency band, and monitors PDCCH candidates in overlapping PDCCH monitoring occasions in multiple CORESETs that have same or different QCL-TypeD properties on active DL BWP(s) of one or more cells, the UE monitors PDCCHs only in a CORESET, and in any other CORESET from the multiple CORESETs having same QCL-TypeD properties as the CORESET, on the active DL BWP of a cell from the one or more cells, which 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, and the lowest USS set index is determined over all USS sets with at least one PDCCH candidate in overlapping PDCCH monitoring occasions.
In current 38.213 spec [3], CSS type-3 is for multicast scheduling, and DCI format 2_x cannot be configured in the same CSS configuration with multicast DCI format 4_1 and 4_2. If following QCL-typeD property selection rule in current specification, it means that MBS can always prioritize unicast. It is not consistent with the principle we have kept that MBS can be the same or even lower priority than unicast. For example, we have already agreed that for PDCCH overbooking, the monitoring priority of Type-3 CSS for multicast DCI format is determined based on the search space set indexes of the Type-3 CSS set for MBS and USS sets. The same principle should be applied for QCL-typeD property selection rule, especially considering we have agreed to configure CORESET in PDCCH-Config-mulicast, dedicated CORESET configuration for multicast is possible. 
Last meeting, some companies claim that it can be up to gNB’s implementation. For example, the CSS including DCI format 4_1 and 4_2 can be always associated with the same CORESET(s) as USS or CSS Type0/0A/1/1A/2/2A/3 not including DCI format 4_1 and 4_2. Indeed it could work. But in turn it also restrict the CORESET configuration for unicast. It would limit gNB’configuration flexibility. Thus, we have the following proposal:
Proposal 2: In overlapping PDCCH monitoring occasions in multiple CORESETs that have same or different QCL-TypeD properties on active DL BWP(s) of one or more cells, the monitoring priority of CORESET assocaited with Type-3 CSS for DCI format 4-1 and 4-2 is determined based on the search space set indexes of the Type-3 CSS set for DCI format 4-1 and 4-2  and USS sets for a serving cell.

Text proposals
Text proposal#1 on RB level ratematching for broadcast
Reason for changes
In previous meeting [2], we have agreed that broadcast PDSCH can be rate matched around rateMatchPatternToAddModList configured in PDSCH-Config-MCCH or PDSCH-Config-MTCH.
	Agreement
For broadcast RRC_IDLE/INACTIVE UEs, rateMatchPatternToAddModList can be configured in PDSCH-Config-MCCH or PDSCH-Config-MTCH for GC-PDSCH rate matching. 
· Whether UE can receive the GC-PDSCH with rate matching based on the rateMatchPatternToAddModList is subject to UE capability.
· Rel-15/16 UE capability of the supported maximum number of RE mapping patterns per symbol and per slot are kept unchanged to support rate matching for unicast/multicast/broadcast. The RateMatchPattern configured for MBS broadcast is counted into the ones that are configured per serving-cell.


However, after reviewing the latest TS38.214 spec, we notice that the current spec seems to allow broadcast PDSCH rate matched around rateMatchPatternToAddModList configured for unicast, and unicast PDSCH rate matched around rateMatchPatternToAddModList configured for broadcast. It is not reasonable, and would result in broadcast PDSCH cannot be decoded successfully for UEs in idle/inactive state. This is because that broadcast MBS is applied for all UEs in idle/inactive state and in RRC connected state. Broadcast PDSCH should be decodable for any state. Thus, the ratematching pattern for broadcast PDSCH should not be impacted by unicast configuration from connected state.

Summary of changes
Clarify that broadcast PDSCHs only rate matched around rateMatchPatternToAddModList configured for broadcast

Consequences if not approved:
The broadcast PDSCH could not be decoded correctly for UEs in idle/inactive state.

Proposal 3: Suggest to endorse the Text Proposal#1 in TS 38.214
------------------------------------------Start of Text Proposal#1 for TS 38.214--------------------------------------
[bookmark: _Toc11352094][bookmark: _Toc20317984][bookmark: _Toc27299882][bookmark: _Toc29673147][bookmark: _Toc29673288][bookmark: _Toc29674281][bookmark: _Toc36645511][bookmark: _Toc45810556][bookmark: _Toc100147358]5.1.4.1	PDSCH resource mapping with RB symbol level granularity
[bookmark: _Hlk22923381]The procedures for PDSCH scheduled by PDCCH with DCI format 1_1 described in this clause equally apply to PDSCH scheduled by PDCCH with DCI format 1_2, by applying the parameters of rateMatchPatternGroup1DCI-1-2, rateMatchPatternGroup2DCI-1-2 instead of rateMatchPatternGroup1 and rateMatchPatternGroup2.
The procedures for PDSCH scheduled by PDCCH with DCI format 1_0 described in this clause equally apply to PDSCH scheduled by PDCCH with DCI format 4_0, by applying the parameters of rateMatchPatternToAddModList configured in PDSCH-Config-MCCH or PDSCH-Config-MTCH.
The procedures for PDSCH scheduled by PDCCH with DCI format 1_0 described in this clause equally apply to PDSCH scheduled by PDCCH with DCI format 4_1, and the procedures for PDSCH scheduled by DCI format 1_1 described in this clause equally apply to PDSCH scheduled by PDCCH with DCI format 4_2 by applying the parameters of rateMatchPatternToAddModList, rateMatchPatternGroup1 and rateMatchPatternGroup2 configured in PDSCH-Config-Multicast. 
------------------------------------------End of Text Proposal#1 for TS 38.214--------------------------------------

Text proposal#2 on sp-ZP-CSI-RS for multicast
Reason for changes
In RAN1#108e meeting [1], we have the following agreement on semi-persistent zp-csi-rs for multicast. But we notice that it have not been captured in the spec
	Agreement
For multicast RRC_CONNECTED UEs, sp-ZP-CSI-RS-ResourceSetsToAddModList can be configured in PDSCH-Config-Multicast for GC-PDSCH rate matching, subject to UE capability. For PDSCH resource mapping with RE symbol level granularity,
· the REs indicated by sp-ZP-CSI-RS-ResourceSetsToAddModList configured in PDSCH-Config-Multicast are declared as not available for GC-PDSCH when their activation delivered by unicast PDSCH is applied.
· sp-ZP-CSI-RS-ResourceSetsToAddModList configured in PDSCH-Config for unicast do not apply for GC-PDSCHs.
· sp-ZP-CSI-RS-ResourceSetsToAddModList in PDSCH-Config-Multicast for multicast do not apply for unicast PDSCHs.
· The total number of semi-persistent ZP-CSI-RS-ResourceSet that a UE can be configured with is the same as for unicast in Rel-16
Also include this agreement in an LS to RAN2.



Summary of changes
Capture the missed agreement.

Consequences if not approved:
The agreement is not captured

Proposal 4: Suggest to endorse the Text Proposal#2 in TS 38.214
------------------------------------------Start of Text Proposal#2 for TS 38.214--------------------------------------
[bookmark: _Toc11352095][bookmark: _Toc20317985][bookmark: _Toc27299883][bookmark: _Toc29673148][bookmark: _Toc29673289][bookmark: _Toc29674282][bookmark: _Toc36645512][bookmark: _Toc45810557][bookmark: _Toc100147359]5.1.4.2	PDSCH resource mapping with RE level granularity
------------------------------------------unchanged part omitted--------------------------------------
-	Within a BWP, the UE can be configured with one or more ZP CSI-RS resource set configuration(s) for aperiodic, semi-persistent and periodic time-domain behaviours (higher layer parameters aperiodic-ZP-CSI-RS-ResourceSetsToAddModList,  sp-ZP-CSI-RS-ResourceSetsToAddModList and p-ZP-CSI-RS-ResourceSet respectively comprised in PDSCH-Config), with each ZP CSI-RS resource set consisting of at most 16 ZP CSI-RS resources (higher layer parameter ZP-CSI-RS-Resource) in numerology of the BWP. The REs indicated by p-ZP-CSI-RS-ResourceSet are declared as not available for PDSCH. The REs indicated by sp-ZP-CSI-RS-ResourceSetsToAddModList and aperiodic-ZP-CSI-RS-ResourceSetsToAddModList are declared as not available for PDSCH when their triggering and activation are applied, respectively. The following parameters are configured via higher layer signaling for each ZP CSI-RS resource configuration:
-	zp-CSI-RS-ResourceId in ZP-CSI-RS-Resource determines ZP CSI-RS resource configuration identity.
-	nrofPorts in CSI-RS-ResourceMapping defines the number of CSI-RS ports, where the allowable values are given in Clause 7.4.1.5 of [4, TS 38.211].
-	cdm-Type in CSI-RS-ResourceMapping defines CDM values and pattern, where the allowable values are given in Clause 7.4.1.5 of [4, TS 38.211].
-	resourceMapping in ZP-CSI-RS-Resource defines the OFDM symbol and subcarrier occupancy of the ZP CSI-RS resource within a slot that are given in Clause 7.4.1.5 of [4, TS 38.211].
[bookmark: _Hlk512445251]-	periodicityAndOffset in ZP-CSI-RS-Resource defines the ZP-CSI-RS periodicity and slot offset for periodic/semi-persistent ZP CSI-RS. 
-	For the UE in RRC_CONNECTED mode for multicast reception, p-ZP-CSI-RS-ResourceSet can be configured in PDSCH-Config-Multicast for GC-PDSCH rate matching, subject to UE capability. The REs indicated by p-ZP-CSI-RS-ResourceSet are declared as not available for GC-PDSCH. The REs indicated by p-ZP-CSI-RS-ResourceSet configured in PDSCH-Config for unicast do not apply for GC-PDSCH and the REs indicated by p-ZP-CSI-RS-ResourceSet configured in PDSCH-Config-Multicast for multicast do not apply for unicast PDSCH. The total number of periodic ZP-CSI-RS-Resources that a UE can be configured with is the same as for unicast in Rel-16. If p-ZP-CSI-RS-ResourceSet is configured in both PDSCH-Config and PDSCH-Config-Multicast, it is subject to UE capability whether the p-ZP-CSI-RS-ResourceSet configured in PDSCH-Config-Multicast can be different from the p-ZP-CSI-RS-ResourceSet configured in PDSCH-Config.
-	For the UE in RRC_CONNECTED mode for multicast reception, sp-ZP-CSI-RS-ResourceSet can be configured in PDSCH-Config-Multicast for GC-PDSCH rate matching, subject to UE capability. The REs indicated by sp-ZP-CSI-RS-ResourceSet are declared as not available for GC-PDSCH when their triggering and activation delivered by unicast PDSCH are applied. The REs indicated by sp-ZP-CSI-RS-ResourceSet configured in PDSCH-Config for unicast do not apply for GC-PDSCH and the REs indicated by sp-ZP-CSI-RS-ResourceSet configured in PDSCH-Config-Multicast for multicast do not apply for unicast PDSCH. The total number of semi-persistent ZP-CSI-RS-Resources that a UE can be configured with is the same as for unicast.
------------------------------------------End of Text Proposal#2 for TS 38.214--------------------------------------

Conclusion 
In this contribution, we provide our opinions on feature group Type for supporting multicast, and QCL-D properties selection rule, and also propose two text proposals.
Observation 1: The Type for feature group where UE reporting the capability of supporting MBS multicast reception in Pcell, should be the same as the Type for feature group where UE reporting the capability of supporting MBS multicast reception in Scell.
Proposal 1: The Type for feature group where UE reporting the capability of supporting MBS multicast reception in Pcell is FSPC.
Proposal 2: In overlapping PDCCH monitoring occasions in multiple CORESETs that have same or different QCL-TypeD properties on active DL BWP(s) of one or more cells, the monitoring priority of CORESET assocaited with Type-3 CSS for DCI format 4-1 and 4-2 is determined based on the search space set indexes of the Type-3 CSS set for DCI format 4-1 and 4-2  and USS sets for a serving cell.
Proposal 3: Suggest to endorse the Text Proposal#1 in TS 38.214
------------------------------------------Start of Text Proposal#1 for TS 38.214--------------------------------------
5.1.4.1	PDSCH resource mapping with RB symbol level granularity
The procedures for PDSCH scheduled by PDCCH with DCI format 1_1 described in this clause equally apply to PDSCH scheduled by PDCCH with DCI format 1_2, by applying the parameters of rateMatchPatternGroup1DCI-1-2, rateMatchPatternGroup2DCI-1-2 instead of rateMatchPatternGroup1 and rateMatchPatternGroup2.
The procedures for PDSCH scheduled by PDCCH with DCI format 1_0 described in this clause equally apply to PDSCH scheduled by PDCCH with DCI format 4_0, by applying the parameters of rateMatchPatternToAddModList configured in PDSCH-Config-MCCH or PDSCH-Config-MTCH.
The procedures for PDSCH scheduled by PDCCH with DCI format 1_0 described in this clause equally apply to PDSCH scheduled by PDCCH with DCI format 4_1, and the procedures for PDSCH scheduled by DCI format 1_1 described in this clause equally apply to PDSCH scheduled by PDCCH with DCI format 4_2 by applying the parameters of rateMatchPatternToAddModList, rateMatchPatternGroup1 and rateMatchPatternGroup2 configured in PDSCH-Config-Multicast. 
------------------------------------------End of Text Proposal#1 for TS 38.214--------------------------------------
Proposal 4: Suggest to endorse the Text Proposal#2 in TS 38.214
------------------------------------------Start of Text Proposal#2 for TS 38.214--------------------------------------
5.1.4.2	PDSCH resource mapping with RE level granularity
------------------------------------------unchanged part omitted--------------------------------------
-	Within a BWP, the UE can be configured with one or more ZP CSI-RS resource set configuration(s) for aperiodic, semi-persistent and periodic time-domain behaviours (higher layer parameters aperiodic-ZP-CSI-RS-ResourceSetsToAddModList,  sp-ZP-CSI-RS-ResourceSetsToAddModList and p-ZP-CSI-RS-ResourceSet respectively comprised in PDSCH-Config), with each ZP CSI-RS resource set consisting of at most 16 ZP CSI-RS resources (higher layer parameter ZP-CSI-RS-Resource) in numerology of the BWP. The REs indicated by p-ZP-CSI-RS-ResourceSet are declared as not available for PDSCH. The REs indicated by sp-ZP-CSI-RS-ResourceSetsToAddModList and aperiodic-ZP-CSI-RS-ResourceSetsToAddModList are declared as not available for PDSCH when their triggering and activation are applied, respectively. The following parameters are configured via higher layer signaling for each ZP CSI-RS resource configuration:
-	zp-CSI-RS-ResourceId in ZP-CSI-RS-Resource determines ZP CSI-RS resource configuration identity.
-	nrofPorts in CSI-RS-ResourceMapping defines the number of CSI-RS ports, where the allowable values are given in Clause 7.4.1.5 of [4, TS 38.211].
-	cdm-Type in CSI-RS-ResourceMapping defines CDM values and pattern, where the allowable values are given in Clause 7.4.1.5 of [4, TS 38.211].
-	resourceMapping in ZP-CSI-RS-Resource defines the OFDM symbol and subcarrier occupancy of the ZP CSI-RS resource within a slot that are given in Clause 7.4.1.5 of [4, TS 38.211].
-	periodicityAndOffset in ZP-CSI-RS-Resource defines the ZP-CSI-RS periodicity and slot offset for periodic/semi-persistent ZP CSI-RS. 
-	For the UE in RRC_CONNECTED mode for multicast reception, p-ZP-CSI-RS-ResourceSet can be configured in PDSCH-Config-Multicast for GC-PDSCH rate matching, subject to UE capability. The REs indicated by p-ZP-CSI-RS-ResourceSet are declared as not available for GC-PDSCH. The REs indicated by p-ZP-CSI-RS-ResourceSet configured in PDSCH-Config for unicast do not apply for GC-PDSCH and the REs indicated by p-ZP-CSI-RS-ResourceSet configured in PDSCH-Config-Multicast for multicast do not apply for unicast PDSCH. The total number of periodic ZP-CSI-RS-Resources that a UE can be configured with is the same as for unicast in Rel-16. If p-ZP-CSI-RS-ResourceSet is configured in both PDSCH-Config and PDSCH-Config-Multicast, it is subject to UE capability whether the p-ZP-CSI-RS-ResourceSet configured in PDSCH-Config-Multicast can be different from the p-ZP-CSI-RS-ResourceSet configured in PDSCH-Config.
-	For the UE in RRC_CONNECTED mode for multicast reception, sp-ZP-CSI-RS-ResourceSet can be configured in PDSCH-Config-Multicast for GC-PDSCH rate matching, subject to UE capability. The REs indicated by sp-ZP-CSI-RS-ResourceSet are declared as not available for GC-PDSCH when their triggering and activation delivered by unicast PDSCH are applied. The REs indicated by sp-ZP-CSI-RS-ResourceSet configured in PDSCH-Config for unicast do not apply for GC-PDSCH and the REs indicated by sp-ZP-CSI-RS-ResourceSet configured in PDSCH-Config-Multicast for multicast do not apply for unicast PDSCH. The total number of semi-persistent ZP-CSI-RS-Resources that a UE can be configured with is the same as for unicast.
------------------------------------------End of Text Proposal#2 for TS 38.214--------------------------------------
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