[bookmark: _GoBack]3GPP TSG-RAN WG1 Meeting #108-e	R1-2200948
e-Meeting, February 21 – March 3, 2022

Agenda Item:	8.12.1
Source:	Huawei, HiSilicon, CBN
Title:	Resource configuration and group scheduling for RRC_CONNECTED UEs reliability for RRC_CONNECTED UEs
Document for:	Discussion and Decision

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This paper discusses the remaining issues of RRC parameters for multicast, TCI states for multicast, multicast reception on SCell, DCI formats monitored in the CSS for multicast, collision of multicast and unicast, and configuring PTP retransmission for multicast. 
[bookmark: _Ref129681832]Discussion
RRC parameters in PDCCH/PDSCH-Config for multicast
RAN2 has already implemented in the TS38.331 running CR [1] that some parameters are noted that they are not configured in the case of PDCCH configuration for MBS multicast, e.g., tpc-PUCCH, tpc-PUSCH, tpc-SRS, etc. However, such parameters are not included in the RRC parameters list sent to RAN2 [2]. 
As concluded in RAN1, if parameters are not included in the RRC parameters list, they are the ones with the same default values as that in dedicated unicast BWP. 
	Conclusion
For the RRC parameters that can be configured in PDSCH-Config / PDCCH-Config / SPS-Config in Rel-15/16, they can also be configured in PDSCH-Config-Multicast / PDCCH-Config-Multicast / SPS-Config-Multicast.
· If some of these RRC parameters need changes for multicast reception (e.g., modify the default values, delete some useless parameters), RAN1 will list them explicitly in the RRC parameter list that will be sent to RAN2.
· For other RRC parameters that do not need changes for multicast reception, RAN1 will not list them with postfix ‘-Multicast’ one by one in the RRC parameter list that will be sent to RAN2, and the default values of these parameters are the same as the default values of the corresponding parameters in dedicated unicast BWP.



[bookmark: _Hlk95070678]However, from RAN2 perspective, given they have identified some parameters are clearly NOT needed for multicast but not included in the RRC parameters list sent to RAN2, it is not clear to RAN2, among those parameters not included in the RRC parameters list, what parameters are not needed and what parameters are needed but without special default values.
Such analysis is provided in [3] which aims to analyze the parameters included in PDCCH-config/PDSCH-config and sort out the parameters that are NOT needed so as to help RAN2 figure out the parameters that are needed without special default values and correctly formulate the RRC parameters for MBS. The analysis leads to the following proposals: 
Proposal 1: Inform RAN2 that the following parameters are NOT needed for PDCCH-Config for multicast:
· downlinkPreemption 
· tpc-PUCCH 
· tpc-PUSCH 
· tpc-SRS 
· uplinkCancellation-r16
· monitoringCapabilityConfig-r16 (the default is R15monitoringcapablity)
· searchSpaceSwitchConfig-r16

Proposal 2: Inform RAN2 that the following parameters are NOT needed for PDSCH-Config for multicast:
· tci-StatesToAddModList  
· zp-CSI-RS-ResourceToAddModList, zp-CSI-RS-ResourceToReleaseList, sp-ZP-CSI-RS-ResourceSetsToAddModList, sp-ZP-CSI-RS-ResourceSetsToReleaseList, p-ZP-CSI-RS-ResourceSet
· minimumSchedulingOffsetK0-r16
· antennaPortsFieldPresenceDCI-1-2-r16, aperiodicZP-CSI-RS-ResourceSetsToAddModListDCI-1-2-r16, aperiodicZP-CSI-RS-ResourceSetsToReleaseListDCI-1-2-r16, dmrs-DownlinkForPDSCH-MappingTypeA-DCI-1-2-r16, dmrs-DownlinkForPDSCH-MappingTypeB-DCI-1-2-r16, dmrs-SequenceInitializationDCI-1-2-r16, harq-ProcessNumberSizeDCI-1-2-r16, mcs-TableDCI-1-2-r16, numberOfBitsForRV-DCI-1-2-r16, pdsch-TimeDomainAllocationListDCI-1-2-r16, prb-BundlingTypeDCI-1-2-r16, priorityIndicatorDCI-1-2-r16, rateMatchPatternGroup1DCI-1-2-r16, rateMatchPatternGroup2DCI-1-2-r16, resourceAllocationType1GranularityDCI-1-2-r16, vrb-ToPRB-InterleaverDCI-1-2-r16, referenceOfSLIVDCI-1-2-r16, resourceAllocationDCI-1-2-r16, 
· dataScramblingIdentityPDSCH2-r16
· repetitionSchemeConfig-r16, repetitionSchemeConfig-v1630

TCI states for multicast
The TCI state for multicast was discussed in the last meeting [4]. For unicast, UE can be configured with a list of up to M TCI-State configurations within the higher layer parameter PDSCH-Config. The UE receives an activation command used to map up to 8 TCI states with one TCI state corresponding to one codepoint of the DCI field 'Transmission Configuration Indication'. In addition, UE would transmit HARQ-ACK for the activation command and the mapping between TCI states and the codepoints should be applied after a certain time. Essentially, TCI state changing is UE-specific matter instead of UE group-common. There is no need to support group-common PDSCH to activate/deactivate TCI states for multicast. The TCI state manipulation can be maintained by unicast. 
From this sense, there is no need to configure the UE with a list of up to M’ TCI-State configurations within the higher layer parameter PDSCH-Config-Multicast. Accordingly, the field 'Transmission Configuration Indication' can be removed from DCI format 4_2 [5]. 
Proposal 3: No need to configure the UE with a list of up to M’ TCI-State configurations within the higher layer parameter PDSCH-Config-Multicast. 
Proposal 4: Adopt the following text proposal to TS38.212 v17.0.0:
--------------------------------Text proposal to TS38.212 v17.0.0 Starts--------------------------------------------
[bookmark: _Toc90994151]7.3.1.5.3	Format 4_2
DCI format 4_2 is used for the scheduling of PDSCH in DL cell. 
< Unchanged parts are omitted >
-	Transmission configuration indication – 0 bit if higher layer parameter tci-PresentInDCI in PDCCH-Config-Multicast is not enabled; otherwise 3 bits as defined in Clause 5.1.5 of [6, TS38.214]. 
-	DMRS sequence initialization – 1 bit. 
-	Priority indicator – 0 bit if higher layer parameter priorityIndicatorDCI-1-1 is not configured in PDSCH-Config-Multicast; otherwise 1 bit as defined in Clause 9 in [5, TS 38.213]. 
--------------------------------Text proposal to TS38.212 v17.0.0 Ends---------------------------------------------
Multicast reception on SCell
The RAN2 incoming LS regarding broadcast reception on SCell and non-serving cell was discussed in the last meeting and the LS reply [6] sent to RAN2 includes the following agreement for Scell. 
	Agreement
From RAN1 perspective, it is feasible for UE in RRC_CONNECTED state to receive MBS broadcast on an activated SCell as long as UE has capability of supporting MBS broadcast on SCell. From RAN1 perspective, if a UE is to receive MBS broadcast on SCell,
· The capability of supporting MBS broadcast on SCell is separate capability from the one of CA for unicast. 
· The UE is not required to monitor DCI formats associated with SI-RNTI, P-RNTI, RA-RNTI in SCell.
· Overbooking for SCell is not supported.
· MBS broadcast reception on SCell can be supported only for RRC_CONNECTED UEs only with self-scheduling. 
· Type0-PDCCH CSS set is only configured on the primary cell of the MCG. 
· Configuring the search space on SCell for PDCCH monitoring of MBS DCI formats is via unicast RRC signaling. 
· The UE capability is expected to be defined by RAN2.
· E.g. the total number of component carriers for receiving broadcast on SCell may be subject to UE capability
· The UE is not required to receive broadcast on PCell and SCell simultaneously



From feasibility perspective, as long as UE has capability to support broadcast on SCell, there is no need to limit UE is not required to receive broadcast on PCell and SCell simultaneously, nor for UE receiving multicast on SCell. 
For UE capable of receiving CA unicast, receiving multicast CA is nature though separate CA capability for receiving multicast could be defined, by which the number of carriers UE can support to receive multicast could be reported to network. Moreover, precluding cross-carrier scheduling from specification is also not necessary. Of course, if network is to schedule multicast on a certain serving cell or even using cross-carrier scheduling, network needs to make sure the serving cell is supported by UE and the carrier index needs to be aligned in case of using cross-carrier scheduling. 
In addition, supporting CA for multicast is almost minor specification efforts because CA has been a feature normally being considered to be supported naturally. Precluding CA for multicast or limiting the multicast only on SCell or not more than one SCell or not simultaneously on PCell and SCell brings additional efforts to revisit every place of the specification involving CA. Moreover, even though such limitations are reflected into the specification, they will be revisited or deleted again if they are to be supported in future release. 
[bookmark: _Hlk95046193]Overall, supporting CA (including receiving multicast on both PCell and SCell or receiving on more than one SCell) with cross-carrier scheduling are supported from specification. An additional separate UE capability from CA for unicast can be defined and the number of carriers UE supports to receiving multicast can be part of UE capability reporting. 
Proposal 5: Specification supports UE receiving multicast on SCell in addition to PCell or receiving on more than on SCell. 
Proposal 6: Separate UE capability of CA for multicast can be defined in addition to reporting the capability of CA for unicast. 
· The number of carriers UE supports to receive multicast can be part of UE capability reporting. 

DCI formats for the CSS for multicast
Regarding whether the common search space configured for multicast scheduling can be configured with DCI format 1_0 that may schedule PTP retransmission of multicast or unicast initial or retransmission, after several rounds of discussion, the following proposal from the Feature Lead summary [4] is still controversial:
	Initial proposal 2-4a:
For multicast of RRC_CONNECTED UEs in Rel-17, 
· DCI format 1_0 scheduling PTP ReTx of multicast or unicast (Re)Tx can be configured in the same CSS configuration with multicast DCI formats.



DCI format 1_0 configured in legacy common search space always has higher priority than USS for the overbooking case on PCell. Now allowing DCI format 1_0 configured in the CSS configured for multicast may need different handling for DCI format 1_0 because the CSS for multicast is not always of higher priority which depends on the configured search space ID. It is not preferred from UE perspective especially if it brings potential hardware impact. 
We note that the CFR including PDCCH-Config for multicast scheduling is contained in UE active DL BWP. The search space configured is subject to 10 in total per active BWP. Even though DCI format 1_0 is not configured in the CSS for multicast, it can be configured in another search space. In other words, without DCI format 1_0 configured in the CSS for multicast, PTP retransmission for multicast can still be received in UE active BWP. 
Observation: There is no need to support configuring DCI format 1_0 in CSS for multicast. 
Collision of multicast SPS and unicast
The basic UE capability is supporting multicast and unicast or different TBs for multicast TDM-ed in different slots. UE capability of supporting FDM-ed unicast and multicast and capability of intra-slot TDM-ed more than one TB are defined as separate UE features. With these capabilities defined, additional new feature e.g., supporting both FDM-ed and TDM-ed in the same slot seems complicated and unnecessary in this release. 
When UE reports the support of FDM-ed or TDM-ed in a slot, network can schedule FDM-ed or TDM-ed TBs to the UE when necessary. It does not mean, when UE supports FDM-ed, network cannot schedule intra-slot TDM. Moreover, network scheduling does not need UE to be firstly configured with FDM-ed scheduling. UE only needs to report the capability and the scheduling is entirely up to network scheduling.
Note that the parameter fdmed-Reception-Multicast is defined when discussing the HARQ-ACK codebook generation. It is configured to UE for instructing UE how to generate Type-1 codebook as the agreement as follows and also as the field description in TS38.331 running CR [1]: 
	Agreement:
For a UE configured with Type-1 HARQ-ACK codebook,
· If UE is not configured to receive FDM-ed unicast and multicast, Type-1 HARQ codebook is generated as the agreement for TDM-ed unicast and multicast. 
· If UE is configured to receive FDM-ed unicast and multicast, Type-1 HARQ codebook is generated as the agreement for FDM-ed unicast and multicast.

	fdmed-ReceptionMulticast
When fdmed-Reception-Multicast is configured, Type-1 HARQ codebook is generated as the agreement for FDM-ed unicast and MBS multicast. Otherwise, Type-1 HARQ codebook is generated as the agreement for TDM-ed unicast and MBS multicast.
Editor’s note: The field description is referring to some RAN1 agreements and has to be updated.



The following proposal was discussed in the last meeting [4] with no consensus reached. 
	Updated proposal 5-2:
For multicast, if UE is provided fdmed-Reception-Multicast, and if more than one PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, the UE resolves collisions among unicast SPS PDSCHs resulting in one unicast SPS PDSCH and collisions among multicast SPS PDSCHs resulting in one multicast SPS PDSCH as in Rel-16, respectively. If the resulting unicast SPS PDSCH and multicast SPS PDSCH overlap in frequency, the UE receives the one with lower configured sps-ConfigIndex.



For two overlapping SPS PDSCHs, legacy UE receives the one with smaller configuration index. For a SPS PDSCH overlapping with a DG PDSCH, if a timeline condition is satisfied, legacy UE receives the DG PDSCH. If there are more than 2 overlapping PDSCHs, legacy UE first resolves the collision among SPS PDSCHs and then resolves the collision between DG PDSCHs and SPS PDSCHs.
For UE supporting FDM-ed scheduling, if multicast SPS and unicast SPS overlap, UE behavior can be defined, e.g., as stated in the proposal, UE resolves collisions among unicast SPS PDSCHs resulting in one unicast SPS PDSCH and resolves the collisions among multicast SPS PDSCHs resulting in one multicast SPS PDSCH as in Rel-16, respectively. If the resulting unicast SPS PDSCH and the multicast SPS PDSCH overlap in frequency, the UE receives the one with lower configured sps-ConfigIndex. 
However, as discussed above, network scheduling does not need to configure UE with a parameter (and the parameter should not be fdmed-Reception-Multicast) that UE may be scheduled FDM-ed. 
Proposal 7: For UE supporting FDM-ed scheduling between unicast and multicast, if more than one PDSCH on a serving cell each without a corresponding PDCCH transmission are scheduled in the same slot, the UE resolves collisions among unicast SPS PDSCHs resulting in one unicast SPS PDSCH and collisions among multicast SPS PDSCHs resulting in one multicast SPS PDSCH as in Rel-16, respectively. If the resulting unicast SPS PDSCH and multicast SPS PDSCH overlap in frequency, the UE receives the one with lower configured sps-ConfigIndex.
Configuring PTP retransmission for multicast
For dynamic or SPS scheduling for multicast, one issue 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. After 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 is being used for retransmission as long as UE supports PTP retransmission. 
However, as RAN2 has agreed that UE can be configured with DRX for multicast in addition to the DRX configuration for unicast. From the following options UE reacts to the DRX configurations:
	FFS how UE monitors UE specific PDCCH/C-RNTI for possible PTP transmission for PTM HARQ retransmission in active time of multicast DRX, the following alternatives are on the table (one to be selected):
Option 2: the UE monitors UE specific PDCCH/C-RNTI only when drx-RetransmissionTimerDLPTM is running and PTP retransmission is expected. 
Option 3: the UE monitors UE specific PDCCH/C-RNTI only during unicast DRX’s active time. Unicast DRX’s RTT timer can be started when PTP retransmission is expected.



RAN2 has agreed that:
	In PTP for PTM retransmission, the UE monitors UE specific PDCCH/C-RNTI only during unicast DRX’s active time. Unicast DRX’s RTT timer can be started when PTP retransmission is expected.



[bookmark: OLE_LINK1]When UE is configured to monitor PDCCH/C-RNTI for possible PTP transmission for PTM HARQ retransmission, the DRX active time will be prolonged as shown in Figure 1. In other words, it can be beneficial to not configure PTP transmission for PTM HARQ retransmission in terms of UE power saving.
[image: ]
[bookmark: _Ref92275151]Figure 1: DRX active time is prolonged by PTP transmission for PTM HARQ retransmission
[bookmark: OLE_LINK3]Proposal 8: UE can be configured with PTP transmission for PTM HARQ retransmission by RRC signaling. UE will assume only PTM is used for retransmission unless the UE is configured with PTP for retransmission (if the UE supports it by capability signaling). 

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]This contribution discusses the remaining issues of RRC parameters for multicast, TCI states for multicast, multicast reception on SCell, DCI formats monitored in the CSS for multicast, collision of multicast and unicast, and configuring PTP retransmission for multicast. This discussion leads to the following proposals:
Proposal 1: Inform RAN2 that the following parameters are NOT needed for PDCCH-Config for multicast:
· downlinkPreemption 
· tpc-PUCCH 
· tpc-PUSCH 
· tpc-SRS 
· uplinkCancellation-r16
· monitoringCapabilityConfig-r16 (the default is R15monitoringcapablity)
· searchSpaceSwitchConfig-r16
Proposal 2: Inform RAN2 that the following parameters are NOT needed for PDSCH-Config for multicast:
· tci-StatesToAddModList  
· zp-CSI-RS-ResourceToAddModList, zp-CSI-RS-ResourceToReleaseList, sp-ZP-CSI-RS-ResourceSetsToAddModList, sp-ZP-CSI-RS-ResourceSetsToReleaseList, p-ZP-CSI-RS-ResourceSet
· minimumSchedulingOffsetK0-r16
· antennaPortsFieldPresenceDCI-1-2-r16, aperiodicZP-CSI-RS-ResourceSetsToAddModListDCI-1-2-r16, aperiodicZP-CSI-RS-ResourceSetsToReleaseListDCI-1-2-r16, dmrs-DownlinkForPDSCH-MappingTypeA-DCI-1-2-r16, dmrs-DownlinkForPDSCH-MappingTypeB-DCI-1-2-r16, dmrs-SequenceInitializationDCI-1-2-r16, harq-ProcessNumberSizeDCI-1-2-r16, mcs-TableDCI-1-2-r16, numberOfBitsForRV-DCI-1-2-r16, pdsch-TimeDomainAllocationListDCI-1-2-r16, prb-BundlingTypeDCI-1-2-r16, priorityIndicatorDCI-1-2-r16, rateMatchPatternGroup1DCI-1-2-r16, rateMatchPatternGroup2DCI-1-2-r16, resourceAllocationType1GranularityDCI-1-2-r16, vrb-ToPRB-InterleaverDCI-1-2-r16, referenceOfSLIVDCI-1-2-r16, resourceAllocationDCI-1-2-r16, 
· dataScramblingIdentityPDSCH2-r16
· repetitionSchemeConfig-r16, repetitionSchemeConfig-v1630
Proposal 3: No need to configure the UE with a list of up to M’ TCI-State configurations within the higher layer parameter PDSCH-Config-Multicast. 
Proposal 4: Adopt the following text proposal to TS38.212 v17.0.0:
--------------------------------Text proposal to TS38.212 v17.0.0 Starts--------------------------------------------
7.3.1.5.3	Format 4_2
DCI format 4_2 is used for the scheduling of PDSCH in DL cell. 
< Unchanged parts are omitted >
-	Transmission configuration indication – 0 bit if higher layer parameter tci-PresentInDCI in PDCCH-Config-Multicast is not enabled; otherwise 3 bits as defined in Clause 5.1.5 of [6, TS38.214]. 
-	DMRS sequence initialization – 1 bit. 
-	Priority indicator – 0 bit if higher layer parameter priorityIndicatorDCI-1-1 is not configured in PDSCH-Config-Multicast; otherwise 1 bit as defined in Clause 9 in [5, TS 38.213]. 
--------------------------------Text proposal to TS38.212 v17.0.0 Ends---------------------------------------------

Proposal 5: Specification supports UE receiving multicast on SCell in addition to PCell or receiving on more than on SCell. 
Proposal 6: Separate UE capability of CA for multicast can be defined in addition to reporting the capability of CA for unicast. 
· The number of carriers UE supports to receive multicast can be part of UE capability reporting. 

Observation: There is no need to support configuring DCI format 1_0 in CSS for multicast. 
Proposal 7: For UE supporting FDM-ed scheduling between unicast and multicast, if more than one PDSCH on a serving cell each without a corresponding PDCCH transmission are scheduled in the same slot, the UE resolves collisions among unicast SPS PDSCHs resulting in one unicast SPS PDSCH and collisions among multicast SPS PDSCHs resulting in one multicast SPS PDSCH as in Rel-16, respectively. If the resulting unicast SPS PDSCH and multicast SPS PDSCH overlap in frequency, the UE receives the one with lower configured sps-ConfigIndex.
Proposal 8: UE can be configured with PTP transmission for PTM HARQ retransmission by RRC signaling. UE will assume only PTM is used for retransmission unless the UE is configured with PTP for retransmission (if the UE supports it by capability signaling). 
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