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Introduction
This contribution considers mechanisms to support group-scheduling for RRC_CONNECTED UEs with MBS. 

Group Scheduling
CFR for MBS
In RAN1#105, the following working assumption was made.

Working assumption:
Option 2B for CFR associated with UE active BWP other than initial BWP is supported at least for multicast of RRC-CONNECTED UEs.
· FFS: CFR associated with initial BWP
· FFS: CFR larger than initial BWP

The two FFS relate to RRC-IDLE/INACTIVE UEs and are discussed in [1]. There is no fundamental difference between RRC-CONNECTED and RRC-IDLE/INACTIVE UEs other than RRC signaling to provide the CFR being UE-specific or UE-common (SIB), and there is no reason to have different designs. Moreover, same reasons (minimizing spec impact, support of optional BWPs being an optional UE feature, and absence of widespread network deployments supporting more than one BWP) apply regardless of the RRC state for a UE. 
Observation 1: The WA on the CFR has no technical problem and can be confirmed.
[bookmark: _Ref54368939]
Regarding the CFR, the following was agreed in RAN1#104bis-e.

Agreement:
One CFR is supported per dedicated unicast BWP for multicast of RRC-CONNECTED UEs.
· FFS: Whether more than one CFR is supported per dedicated unicast BWP
· FFS: Whether multicast can be supported or not in a dedicated unicast BWP when no CFR is configured for that BWP

For the first FFS, the motivation for having multiple CFRs is for a UE to receive multiple corresponding MBS. Although scenarios can be envisioned where a first UE and a second UE have a same first CFR and the second UE and a third UE have a same second CFR (and therefore the second UE has two CFRs), such scenarios cannot arbitrarily exist for all UEs and the network needs to anyway limit them. For example, there is no reason for the network to not have a nested structure for the active DL BWPs of different UEs receiving MBS. Also, FDM receptions of multicast PDSCHs are not in scope [1].

Observation 2: There is no need to support more than one CFR per active DL BWP for a UE.

For the second FFS, there is no need to configure a CFR to a UE when the CFR is same as the active DL BWP of the UE. However, other MBS-specific configurations need to be independently provided (e.g. PDCCH-Config, PDSCH-Config, etc.). The issue can be left to RAN2 – clearly, the CFR does not need to be configured when it is same as the active DL BWP but that does not relate to whether or not other MBS-specific configurations are provided.

Observation 3: RAN2 can determine whether or not configuration for a CFR is provided to a UE when the CFR is same as the active DL BWP for the UE. 

A UE may change the active unicast DL BWP to the default/initial DL BWP when BWP-InactivityTimer expires, and the default/initial BWP may not contain the CFR. This is because in Rel-16, BWP-InactivityTimer is reset upon reception of a DCI format with CRC scrambled by C-RNTI or CS-RNTI, but G-RNTI of GC-PDCCH of PTM scheme 1 is not supported. One straightforward solution is to also enable reception of a DCI format with CRC scrambled by G-RNTI to reset the BWP-InactivityTimer. However, that will partially cancel the reason for having a default DL BWP, and result in unnecessary power consumption, because the UE will keep monitoring PDCCH for detection of unicast DCI formats according to search space sets that are configured for presence of unicast DL traffic, or will keep monitoring PDCCH for detection of unicast DCI formats according to search space sets that are configured for presence of unicast DL traffic. 

A first approach to separately account for unicast traffic and for multicast traffic for a UE is to include search space sets for multicast DCI formats in the search space set groups (SSSGs) and apply SSSG switching as is currently considered in the Rel-17 power savings WI. A second approach that does not rely on SSSG switching and maintains the functionality of a timer, is to introduce a MBS-BWP-InactivityTimer with same functionality as for BWP-InactivityTimer but for MBS. When MBS-BWP-InactivityTimer expires, a UE can switch from first search space sets to second search space sets for multicast PDCCH monitoring (the second search space sets may also not be configured and then the UE will stop monitoring multicast PDCCH) and remain in the active unicast BWP. The UE does not switch to the default/initial DL BWP unless both MBS-BWP-InactivityTimer and BWP-InactivityTimer expire. Moreover, a gNB can activate/deactivate multicast PDCCH/PDSCH receptions in a CFR via a MAC CE. 

Proposal 1: Introduce MBS-BWP-InactivityTimer for multicast PDCCH receptions. 

Proposal 2: Support search space set group switching for multicast PDCCH. 


PDCCH Configuration for MBS
In RAN1#105-e, the following was agreed. 

Agreement:
For CSS of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, Alt 2 is supported:
· Alt 2: support a Type-x CSS
· The monitoring priority of Type-x CSS is determined based on the search space set indexes of the Type-x CSS set and USS sets, regardless of which DCI format of group-common PDCCH is configured in the Type-x CSS.
· FFS: Whether the Type-x CSS is a Type-3 CSS

Regarding the FFS, Type-3 CSS is the classification used for all CSS sets configured by UE-specific RRC. That also applies for the CSS sets for multicast scheduling. This issue is not even a technical one.  

Observation 4: There is no reason to introduce a new Type-x CSS for MBS scheduling. 

As for search space set dropping in case of overbooking, another issue that results from using CSS, instead of USS, for multicast scheduling is the determination of CORESETs where the UE monitors PDCCH in case the TCI state is 'typeD'. 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 treated always with priority to USS sets or whether the approach overbooking applies – the latter is preferable (otherwise there can even be situations where the UE prioritizes unicast for overbooking and prioritizes multicast for CORESETs). 

Another issue with monitoring PDCCH according to CSS for multicast PDSCH scheduling is that PDCCH candidates in a CORESET always collide with PDCCH candidates for Rel-16 CSS types or with PDCCH candidates for other multicast services. For example, without even considering Rel-16 CSS types, for 4 groups of UEs and 4 corresponding multicast services, the only way to schedule the fourth group of UEs would be to assign at least 4 PDCCH candidates to the corresponding CSS set. Then, when all 4 groups are scheduled, the UEs in the fourth group will need to monitor 4 PDCCH candidates where 3 PDCCH candidates will always be wasted by design. Although there are enough PDCCH candidates, there are not enough non-overlapping CCEs. For example, considering that 30 kHz SCS needed in most FR1 bands (e.g. 3.6 GHz), and ignoring the larger pathloss relative to LTE bands (e.g. 2 GHz), as determined in the evaluations for coverage enhancements, a 16 CCE aggregation level is needed to approach the LTE coverage (for 15 kHz SCS and 8 CCEs). It is not possible to have more than 3 PDCCH candidates with 16 CCEs (total number of non-overlapped CCEs is 56). Even for CCE aggregation levels of 8 CCEs, considering existence of Rel-16 CSS sets and USS sets, the current design for multicast PDCCH monitoring is not scalable to more than ~2 groups of UEs. 

All the above issues, including the prioritization among CSS sets for multicast and USS sets that was agreed in RAN1#105-e, are largely avoided (without any specification impact) if PDCCH monitoring for multicast is according to USS instead of CSS. It should at least be possible for a gNB to configure whether PDCCH monitoring for multicast in according to USS or CSS. In the former case, there is no specification or operational impact – a UE operates as in Rel-16. In the latter case, the agreement from RAN1#105-e should also apply for determining the CORESETs with QCL-D where a UE monitors PDCCH and avoidance of constant collisions among PDCCH candidates for different multicast services should also be considered. Reverting the RAN1#105-e agreement and supporting PDCCH monitoring for multicast only according to USS may also be considered.

Observation 5: PDCCH monitoring for multicast PDSCH scheduling according to CSS requires material specification and UE implementation support while it can be as in Rel-16 if the PDCCH monitoring is according to USS.

Proposal 3: Support PDCCH monitoring for multicast PDSCH scheduling according to USS. 

Proposal 4: For PDCCH monitoring according to CSS for multicast PDSCH scheduling, 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 with the lowest index. 

Proposal 5: For PDCCH monitoring for multicast PDSCH scheduling according to CSS, consider how to avoid constant collisions among PDCCH candidates for different multicast services. 

The following WA was made in RAN1#105-e. 

Working assumption:
The maximum number of CORESETs per BWP is not increased for support of MBS, and the number of CORESETs configured within the CFR is left to gNB implementation.

There is no issue with confirming the WA. An increase in the number of CORESETs over Rel-16 would be mostly meaningful if there is an increase in the number of active TCI states that a UE needs to support which in return would mean increasing a number of CSI-RS that the UE maintains for QCL-D. Such an increase would represent a respective substantial increase in UE hardware complexity and is one of the main reasons that an increased number of CORESETs is a UE capability even for M-TRP operation. Also, given that both SFN transmissions and FR2 enhancements are out of scope, there is not even a basic motivation to increase the number of TCI states that a UE needs to support over Rel-16. Further, even if some UEs optionally support a larger number of CORESETs, that would be meaningless for scheduling both multicast and unicast as the network would be limited by UEs that do not support such capability.

Proposal 6: Confirm the WA that the number of CORESETs remains as in Rel-16 and that it is a gNB choice how to configure CORESETs. 

Another proposal discussed in previous meetings is to increase the maximum numbers of PDCCH candidates and non-overlapping CCEs that a UE can monitor per slot. That proposal was associated with UEs supporting CA but has nothing to do with CA as  and  are the maximum numbers of PDCCH candidates and non-overlapping CCEs that a UE can monitor per slot per scheduled cell and are independent of any CA capability. Also, if any such UE capability is introduced (independently of CA), it should be mandatory for UEs supporting multicast – otherwise, there is no benefit. However, there is no reason to introduce such UE capability as the basic operating mode for PDSCH receptions in a slot remains as in Rel-16 and the WID precludes increasing UE hardware complexity. 

Observation 6: Increasing  and  for a UE does not relate to CA capability and there is no need to introduce such UE capability to support multicast scheduling in Rel-17.

Finally, both in RAN1#104bis-e and in RAN1#105-e, it was discussed whether or not a CORESET configured in PDCCH-config for unicast can be used for multicast, and whether or not the CORESET configured in PDCCH-config for multicast can be used for unicast. It is entirely a gNB implementation issue what CORESETs to map to search space sets. In addition to being inappropriate for RAN1 to preclude a gNB from using a same CORESET for multicast and unicast, it is detrimental to do so even if it could be possibly agreed that a UE would mandatorily support more than 2 CORESETs. If RAN2 decides that CORESET configuration in PDCCH-config for multicast is optional, there is still no RAN1 impact.  

Observation 7: Whether or not a UE monitors PDCCH for detection of unicast DCIs and multicast DCIs in a same CORESET is a gNB implementation issue. No further discussion is needed.


DCI formats for Multicast
In RAN1#105-e, the following was agreed. 

Agreement:
As a baseline, reuse existing fields in DCI format 1_0 with CRC scrambled by C-RNTI for the fields of first DCI format with CRC scrambled with G-RNTI.
· FFS: how to determine the bitlength of FDRA field.
· FFS: Whether ‘Identifier for DCI formats’, ‘TPC command for scheduled PUCCH’ are needed.
· FFS: How to perform DCI size alignment
· FFS: Whether to include new DCI fields
· Note: All of the fields may not be reused and the size of the fields may not be the same

It is obvious that the FDRA field should address the CFR. Also, the TPC command field is not needed. Since there is no UL for multicast, the identifier is obviously not needed for UL/DL differentiation. Since the DCI format has CRC scrambled by a G-RNTI, there is also no need for the identifier to differentiate between multicast and unicast PDSCH. A possible use of the identifier can be to identify a multicast service in order to avoid using multiple respective RNTIs (may also depend on RAN2 decisions); however, the number of available bits may not be more than 3 (i.e. from the fields of the Rel-16 identifier and the TPC command). DCI size alignment may be needed, for example if no new fields are introduced and the “identifier” and “TPC command” fields are not used. However, it would then be simpler for a UE to ignore those fields instead of defining DCI size alignment. Whether new DCI fields are introduced relates to other decisions. Also, it is noted that although it is generally preferable for a network to configure the sizes of the fields, instead of the sizes being hard-coded, that may not be meaningful for the size of DCI format 1_0 given that the fields have maximum size and DCI size alignment would otherwise be needed (even if new fields requiring 3 bits or less are introduced). 

Observation 8: For multicast PDSCH, the FDRA field needs to address the CFR, there is no need for a TPC command field, and there is no need for UL/DL differentiation for a DCI format with CRC scrambled by a G-RNTI.    
 
A similar agreement as the above was made with respect to DCI format 1_1 but that agreement requires further discussion. First, the statement “as a baseline, reuse existing fields in DCI format 1_1 for the fields of the second DCI format with CRC scrambled with G-RNTI” is unclear in what “existing fields” are since DCI format 1_1 has essentially the same non-configurable fields as DCI format 1_0 and, in addition, DCI format 1_1 always includes (non-configurable) an ‘antenna ports’ field, a “DM-RS sequence initialization” and an ‘SRS request’ field that are not necessary/meaningful for multicast PDSCH. Also, almost all of the configurable fields such as the HPN/RV/NDI for a second TB, the CIF, the CBGTI, or the CBGFI are also not meaningful. Moreover, although the “Note: All of the fields may not be reused and the size of the fields may not be the same” can avoid the above problems, it also makes the agreement to “reuse existing fields” rather pointless. 

The first DCI format can have the size of DCI format 1_0 according to CSS (not according to USS as the active DL BWP is UE-specific and the size of DCI format 1_0 is then UE-specific). However, there is no UE-common reference size for the second DCI format as the size of DCI format 1_1 (and of DCI format 1_2) is UE-specific. Given that the mandatory fields in DCI format 1_0 have maximum size and the additional fields in DCI format 1_1 are not necessary/applicable for multicast PDSCH, the size for the second DCI format can only be smaller than the size DCI format 1_0 (there is no other reason to have a second DCI format than to improve the detection reliability compared to DCI format 1_0 – similar reason as for DCI format 1_2). However, there is no UE-common reference for the second DCI format size - even the sizes of DCI formats associated with Type-3 CSS are UE-specific (and configuration of such DCI formats is also optional - e.g., most of DCI formats 2_0 through 2_4 are not supported in current network deployments).

In general, similar to the CS-RNTI or the MCS-C-RNTI, there is no need (and may even be detrimental) to specify how to count the sizes of DCI formats with G-RNTI. The Rel-16 requirements are generic and were agreed to remain applicable. For example, there is no benefit to specify that the sizes of (some or all) DCI formats with G-RNTI are counted together with the sizes of DCI formats with C-RNTI – the specification that a UE is not required to monitor more than 4 DCI format sizes is enough. In practice, a network can align a size of a first DCI format with G-RNTI with the size of DCI formats 0_0/1_0 for a CSS set and can align a size of a second DCI format with G-RNTI either with a size of a DCI format 2_x or, less likely, with the size of DCI format 0_2/1_2. In either case, no additional specification support is needed as the maximum number of DCI format sizes that a UE expects to monitor remains equal to 4.  

Observation 9: For the second DCI format to be meaningful, the sizes for at least some of the fields need to be configurable (and smaller than the corresponding ones for DCI format 1_0). The second DCI format can be an optional UE feature.     

Observation 10: There is no need to specify how to count the sizes of DCI formats with CRC scrambled by G-RNTI – the Rel-16 specifications are sufficient.    


Transmission scheme and HARQ process management
In RAN1#105-e, it was proposed to introduce a new field in DCI formats with CRC scrambled by C-RNTI to differentiate HARQ process ID for unicast (re)transmission and multicast retransmission. That proposal was left FFS through the following agreement.

Agreement:
For HARQ process management, further study whether/how to differentiate the HARQ process ID used for PTP (re)transmission for unicast and PTP retransmission for multicast.

It is first noted that a new field cannot be introduced for DCI format 1_0 and is not applicable/necessary for NACK-only HARQ-ACK or for SPS PDSCH. 

A first suggested motivation for the FFS was that when a UE fails to detect a multicast DCI format scheduling an initial TB transmission and the gNB uses a unicast DCI format to retransmit the TB, the UE cannot know whether the TB is a ‘unicast’ one or a ‘multicast’ one. This is applicable when the gNB cannot differentiate NACK from DTX; otherwise, the gNB can know whether the unicast DCI format may or may not be used, respectively. Then, two options were discussed; (a) do nothing and leave it up to the gNB (e.g. the gNB can use the multicast DCI format for the TB retransmission) or (b) add a field in the DCI format to differentiate unicast from multicast (the field needs to be a multi-bit one to also identify the multicast service when the UE receives multiple multicast services). There is no benefit for the latter option as it would increase the size of unicast DCI formats with bit(s) that are rarely used (e.g. all the following are needed for the field to be used: (a) DTX/NACK, (b) inability of the gNB to differentiate DTX from NACK, and (c) only one UE provides DTX/NACK for use of a unicast DCI format to make sense). Even if only one UE reports NACK/DTX, there is no benefit for the gNB to use a unicast DCI format as the gNB can apply same CCE/power link adaptation for the multicast DCI format while the gNB can avoid having an additional overhead from a new field that is to be rarely used. 

From a different viewpoint, the question to be answered is why it is beneficial to add bit(s) to unicast DCI formats of all UEs configured for multicast and unicast traffic instead of using the multicast DCI format to schedule a TB retransmission (even in case that retransmission is needed for only one UE) when the gNB cannot differentiate NACK from DTX – it is rather clear that not only there is no benefit but it is actually detrimental to add bits to unicast DCI formats. Additionally, the multicast DCI format will have a size that is same as DCI format 1_0 (e.g. first DCI format) or smaller than DCI format 1_0. Then, the only unicast DCI format that may make sense to use for retransmission is DCI format 1_2. But that is also the DCI format for which increasing the size is most detrimental.   

Observation 11: The tradeoff from adding bit(s) to unicast DCI formats vs. using a multicast DCI format for a multicast TB retransmission when a gNB cannot differentiate NACK from DTX is negative.    

A second suggested motivation for the FFS was to enable a UE to combine simultaneous retransmissions of a TB that are scheduled by a multicast DCI format and by a unicast DCI format. Aside from that such functionality would be an optimization of an optional UE feature for FDM unicast and multicast PDSCH receptions, it makes no sense for a network to perform such scheduling. For example, it would be preferable for a network to instead use the duplicated resources to transmit a single PDSCH with lower code rate for the TB, or with the same code rate and boosted power, as that would avoid additional PDCCH overhead and benefit all UEs (not just the one having the unicast TB retransmission).  
 

LBRM and TBS determination
Another FFS from RAN1#105-e is the following.

Agreement:
For multicast of RRC_CONNECTED UEs, further study
· How the LBRM (Limited buffer rate-matching) for GC-PDSCH TBS is determined.
· how the xOverhead for GC-PDSCH TBS determination is configured.
· whether MAC-CE over GC-PDSCH is needed for activation/deactivation of semi-persistent ZP CSI-RS resource set if the semi-persistent ZP CSI-RS resource set is configured in PDSCH-Config in CFR.

For unicast PDSCH, the maximum number of layers is min(X, 4), where X is given by maxMIMO-Layers of PDSCH-ServingCellConfig, if provided; otherwise, X is given by the maximum number of layers for PDSCH supported by a UE for a serving cell. For MBS, as PDSCH transmissions can be to a group of UEs, if maxMIMO-Layers is not provided in PDSCH-config, it should be predefined (cannot be UE-specific). 

For unicast PDSCH, the maximum modulation order is 8 if mcs-Table is set to ‘qam256’ on any DL BWP; otherwise, it is 6. For MBS, if mcs-Table is not provided in PDSCH-config, either a default value can be defined for the maximum modulation order or the value in mcs-Table for the active DL BWP applies and it is then up to the gNB to ensure that all UEs derive a same value. 

As all UEs in a same MBS group should derive a same TBS for GC-PDSCH, a separate xOverhead, xOverhead-MBS, should be provided in PDSCH-Config for MBS. If xOverhead-MBS is not provided, a UE can assume that it is either zero or that it is equal to xOverhead for the active DL BWP and it is then up to gNB to ensure that all UEs in the same MBS group apply a value. 

For unicast PDSCH, the number of PRBs for TBSLBRM is determined based on the maximum number of PRBs across all configured DL BWPs. This may create misalignment among UEs in a same MBS group due to possibly different sizes for DL BWPs. Therefore, the number of PRBs, nPRB  = , for MBS TBSLBRM determination needs to be determined based on the size of CFR. Table 5.4.2.1-1 in TS 38.212 can be baseline and modified as follows.

Table 1 Number of PRB for MBS TBSLBRM calculations
	Number of PRBs of CFR 
	

	Less than 33
	32

	33 to 66
	66

	67 to 107
	107

	108 to 135
	135

	136 to 162
	162

	163 to 217
	217

	Larger than 217
	273




Proposal 7: For LBRM determination and TBS calculation for GC-PDSCH: 
· The maximum number of layers can be provided by maxMIMO-Layers in PDSCH-Config for MBS; if not provided, a default value is defined. 
· The maximum modulation order can be determined from mcs-Table in PDSCH-Config for MBS; if mcs-Table in PDSCH-Config for MBS is not provided, a default value or a value determined from mcs-Table in PDSCH-Config for the active DL BWP is used. 
· xOverhead can be provided in PDSCH-Config for MBS; if not provided, a default value of zero or the value for the active DL BWP is used.
· The number of PRBs is determined based on the size of CFR.


A UE behavior may need to be clarified when an initial reception of a TB is via a GC-PDSCH and a subsequent reception of the TB is via a unicast PDSCH. While for the initial reception of the TB, LBRM and TBS calculation should be based on MBS parameters, for the unicast subsequent reception of the TB, the MBS parameters may not be accurate for the active DL BWP and the MBS LBRM size is likely to be smaller than the unicast one. Therefore, if the UE assumes the unicast LBRM size for subsequent unicast receptions of the TB, more information bits can be provided and reception reliability can increase. Basically, there is no need for any specification impact when an initial reception of TB is via GC-PDSCH and a subsequent reception is either via GC-PDSCH or via unicast PDSCH – the parameters associated with respective PDSCH-Config or with active DL BWP/CFR apply. 

Observation 12: For LBRM/TBS determination, a UE can receive a TB according to MBS parameters when the TB is provided by a GC-PDSCH and according to unicast parameters when the TB is provided by a unicast PDSCH.    

PDSCH-Config for MBS can also include MBS-rateMatchPatternGroup1 and MBS-rateMatchPatternGroup2 to indicate unavailable REs within a CFR, as for unicast rateMatchPatternGroup1(DCI-1-2), rateMatchPatternGroup2(DCI-1-2). 

Proposal 8: PDSCH-Config for MBS provides two rate matching groups. 


Use of a MAC-CE over GC-PDSCH to activate/deactivate a semi-persistent ZP CSI-RS resource set that may be provided by PDSCH-Config for multicast, it first needs to be determined whether to have CSI report enhancements for multicast; otherwise, as for other parameters that will not applicable to multicast PDSCH, the PDSCH-Config for multicast does not need to include configuration of semi-persistent ZP CSI-RS resource sets. 
 
Observation 13: Whether or not the PDSCH-Config for multicast includes configuration of semi-persistent ZP CSI-RS resource sets would depend or whether or not support of CSI reports for multicast is specified.    


SPS multicast PDSCH 
In RAN1#105-e the following was agreed.

Agreement:
[bookmark: _Hlk74145913]For reliability of the group-common PDCCH activation of SPS group-common PDSCH, support at least one of the following alternatives.
· Alt 1: retransmit the activation command via group-common PDCCH.
· Alt 2: retransmit the activation command via UE-specific PDCCH.
· Alt 3: retransmit the activation command via MAC-CE.
· FFS other details.
· Note: Down-selection can take into account the HARQ-ACK feedback scheme for SPS activation

Retransmission of activation command via GC-PDCCH should be default – it does not make sense for a network to not be able to use GC-PDCCH if at least two UEs report NACK. Note that use of GC-PDCCH was agreed in RAN1#104b-e. 

Agreement:
Confirm the working assumption: 
For activation/deactivation of for MBS in RRC_CONNECTED state,
· At least group-common PDCCH is supported
· FFS: Whether and how to address the missed activation and deactivation
· FFS: Whether UE-specific PDCCH is supported for activation/deactivation

There is no need to support other alternatives or optimizations, if any are possible, as activation/deactivation of SPS PDSCH is anyway an infrequent event. Also, there is no need for any differentiation based on whether HARQ-ACK is ACK/NACK or NACK-only. Finally, there is no need to use MAC-CE (otherwise, Rel-16 wouldn’t work) while the specification impact from doing so would be material – ranging from introducing new MAC CE, to differentiating DCI vs. MAC-CE for HARQ-ACK codebook generation, to determining timing for activation and for the PUCCH with HARQ-ACK.

Observation 14: For SPS GC-PDSCH activation/deactivation, the agreement from RAN1#104-bis-e to support GC-PDCCH is sufficient. 


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

Proposal 1: Introduce MBS-BWP-InactivityTimer for multicast PDCCH receptions. 

Proposal 2: Support search space set group switching for multicast PDCCH. 

Proposal 3: Support PDCCH monitoring for multicast PDSCH scheduling according to USS. 

Proposal 4: For PDCCH monitoring according to CSS for multicast PDSCH scheduling, 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 with the lowest index. 

Proposal 5: For PDCCH monitoring for multicast PDSCH scheduling according to CSS, consider how to avoid constant collisions among PDCCH candidates for different multicast services.

Proposal 6: Confirm the WA that the number of CORESETs remains as in Rel-16 and that it is a gNB choice how to configure CORESETs. 

Proposal 7: For LBRM determination and TBS calculation for GC-PDSCH: 
· The maximum number of layers can be provided by maxMIMO-Layers in PDSCH-Config for MBS; if not provided, a default value is defined. 
· The maximum modulation order can be determined from mcs-Table in PDSCH-Config for MBS; if mcs-Table in PDSCH-Config for MBS is not provided, a default value or a value determined from mcs-Table in PDSCH-Config for the active DL BWP is used. 
· xOverhead can be provided in PDSCH-Config for MBS; if not provided, a default value of zero or the value for the active DL BWP is used.
· The number of PRBs is determined based on the size of CFR.

Proposal 8: PDSCH-Config for MBS provides two rate matching groups. 


In addition, the following observations are made.

Observation 1: The WA on the CFR has no technical problem and can be confirmed.

Observation 2: There is no need to support more than one CFR per active DL BWP for a UE.

Observation 3: RAN2 can determine whether or not configuration for a CFR is provided to a UE when the CFR is same as the active DL BWP for the UE. 

Observation 4: There is no reason to introduce a new Type-x CSS for MBS scheduling. 

Observation 5: PDCCH monitoring for multicast PDSCH scheduling according to CSS requires material specification and UE implementation support while it can be as in Rel-16 if the PDCCH monitoring is according to USS.

Observation 6: Increasing  and  for a UE does not relate to CA capability and there is no need to introduce such UE capability to support multicast scheduling in Rel-17.

Observation 7: Whether or not a UE monitors PDCCH for detection of unicast DCIs and multicast DCIs in a same CORESET is a gNB implementation issue. No further discussion is needed.

Observation 8: For multicast PDSCH, the FDRA field needs to address the CFR, there is no need for a TPC command field, and there is no need for UL/DL differentiation for a DCI format with CRC scrambled by a G-RNTI.    

Observation 9: For the second DCI format to be meaningful, the sizes for at least some of the fields need to be configurable (and smaller than the corresponding ones for DCI format 1_0). The second DCI format can be an optional UE feature   

Observation 10: There is no need to specify how to count the sizes of DCI formats with CRC scrambled by G-RNTI – the Rel-16 specifications are sufficient.    

Observation 11: The tradeoff from adding bit(s) to unicast DCI formats vs. using a multicast DCI format for a multicast TB retransmission when a gNB cannot differentiate NACK from DTX is negative.    

Observation 12: For LBRM/TBS determination, a UE can receive a TB according to MBS parameters when the TB is provided by a GC-PDSCH and according to unicast parameters when the TB is provided by a GC-PDSCH.    

Observation 13: Whether or not the PDSCH-Config for multicast includes configuration of semi-persistent ZP CSI-RS resource sets would depend or whether or not support of CSI reports for multicast is specified.    

Observation 14: For SPS GC-PDSCH activation/deactivation, the agreement from RAN1#104-bis-e to support GC-PDCCH is sufficient. 



References:
[1] RP-201038, “WID revision: NR Multicast and Broadcast Services”
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