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

Group Scheduling
CFR for MBS
[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 PDSCHs. However, FDM multicast PDSCH receptions have not been agreed and are not in scope [1]. Also, multiple CFRs will require multiple CORESETs (only one CORESET is mandatorily supported by UEs in Rel-16), additional alignment of DCI sizes, and introduce additional design requirements if configurations can be independent for each CFR. In general, even for FDM multicast PDSCHs, scenarios where a first UE and a second UE have a first CFR and the second UE and a third UE have a second CFR (second UE has two CFRs), cannot arbitrarily exist and the network needs to anyway limit them. For example, the network can have a nested structure for active DL BWPs of different UEs receiving MBS.

Observation 1: There is no need and it is not realistic in Rel-17 to support more than one CFR per DL BWP for a UE.

For the second FFS, it is not necessary to configure a CFR to a UE when the CFR is same as the active DL BWP of the UE and other configurations for multicast, such as PUCCH-Config, are same as for unicast. In general, configuring a UE with G-RNTI/CS-G-RNTI is sufficient to support multicast and related configurations can be provided in corresponding unicast configurations (e.g. PDCCH-Config for unicast can include search space sets for the multicast DCI formats). 

Observation 2: It is possible for a UE provided with G-RNTI/CS-G-RNTI to not be provided additional configurations of PDCCH-Config, PDSCH-Config, or PUCCH-Config for multicast. 

A next step is to determine how RBG, RB bundle, and PRG are defined for multicast PDSCH. It is preferable to follow the same procedure as for the BWP relative to CRB. Depending on the start and length of the CFR, the sizes of the first and last RBG, RB bundle, or PRG for multicast may differ from the corresponding ones for the BWP of a UE. Figure 1 shows an example of two UEs in a same multicast  group. The RBG or RB bundle size for both unicast and multicast is 4 and the first and last RBGs or RB bundles for multicast (in yellow) have fewer RBs than the ones within the CFR.
[image: ]
[bookmark: _Ref83019116]Figure 1 RBG or RB bundle for multicast are defined relative to CRB

Proposal 1: RBG, RB bundle and PRG for multicast PDSCH in CFR are defined using the same procedure as for unicast PDSCH in DL BWP.

Another issue is that a unicast RBG/PRG may overlap with the start/end of CFR. It is then not clear what the UE should assume for FDRA of the unicast PDSCH when a RBG/PRG overlaps with the start/end of the CFR. This can be possibly left to the scheduler but configuring the CFR such that its start/end is aligned with the unicast RBGs/PRGs for all UEs in a same multicast group is challenging because the unicast RBGs/PRGs are UE-specific. One approach is to split a unicast RBG/PRG overlapping with the start/end of the CFR into two portions and separately index each portion. Another approach is that a UE assumes that only RBs outside the CFR are used for unicast PDSCH for a unicast RBG/PRG overlapping with the CFR boundaries. The latter solution is preferable because of its simplicity. 

Proposal 2: For a unicast RBG/PRG overlapping with CFR boundaries, a UE assumes that only RBs outside the CFR are used for unicast PDSCH reception.
  

PDCCH Monitoring for Multicast
In RAN1#106-e, the name of the CSS set for multicast PDCCH was discussed. A concern was whether the prioritization of the CSS set for multicast can be captured if the CSS set is treated as a “Type3” one. However, the issue is purely editorial. A possible specification text is provided below. The difference between defining a new CSS type (“Type3A-PDCCH” (in “v1”)) or repeating the terminology “where a UE monitors PDCCH only for detection of DCI formats with CRC scrambled by a G-RNTI” (in “v2”) is that the former (“v1”) will need to be defined once (and then also use “Type3A-PDCCH” 3 times) while the latter (“v2”) appears 3 times. “Type3-PDCCH” is also used in a couple of other places in TS 38.213 and the term “Type3A-PDCCH” would need to be added. However, “Type3-PDCCH” is not used in other TS documents and a possible introduction of a “Type3A-PDCCH” is expected to be contained only in TS 38.213. 

From a technical (and specification) perspective, it is more important to conclude whether a UE can be configured to monitor PDCCH for multicast as part of other Type3-PDCCH CSS sets (the example specification text assumes so, through the use of “only”, because the second DCI format may be size matched to a DCI format 2_x). Since the size of the first DCI format for multicast will be same as the size of DCI format 1_0 in CSS (C-RNTI), the example specification text also assumes, through the use of “or a C-RNTI”, that a UE can directly monitor PDCCH for detection of both DCI formats. The eventual specification text will also likely be different due to other pending RAN1 decisions (e.g. whether the first and second DCI formats for multicast are in a same search space set or in different search space sets, etc.).
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<omitted text>
Except for [v1: Type3A-PDCCH] CSS sets [v2: where a UE monitors PDCCH only for detection of DCI formats with CRC scrambled by a G-RNTI or a C-RNTI], Athe UE does not expect to be configured CSS sets that result to corresponding total, or per scheduled cell, numbers of monitored PDCCH candidates and non-overlapped CCEs per slot or per span that exceed the corresponding maximum numbers per slot or per span, respectively.
<omitted text>
For all search space sets within a slot  or within a span in slot , denote by [image: ] a set of CSS sets with cardinality of [image: ], excluding [v1: Type3A-PDCCH] CSS sets [v2: where a UE monitors PDCCH only for detection of DCI formats with CRC scrambled by a G-RNTI or a C-RNTI], and by [image: ] a set for a union of USS sets and [v1: Type3A-PDCCH] CSS sets [v2: where the UE monitors PDCCH only for detection of DCI formats with CRC scrambled by a G-RNTI or a C-RNTI] with cardinality of [image: ]. The location of USS sets [image: ], [image: ], in [image: ] is according to an ascending order of the search space set index. 
Denote by [image: ], [image: ], the number of counted PDCCH candidates for monitoring for CSS set [image: ] and by [image: ], [image: ], the number of counted PDCCH candidates for monitoring for USS set or CSS set [image: ]. 
For the CSS sets in [image: ], a UE monitors [image: ] PDCCH candidates requiring a total of [image: ] non-overlapping CCEs in a slot or in a span. 
<omitted text>
Denote by [image: ] the set of non-overlapping CCEs for search space set [image: ] and by [image: ] the cardinality of [image: ] where the non-overlapping CCEs for search space set [image: ] are determined considering the allocated PDCCH candidates for monitoring for the CSS sets in [image: ] and the allocated PDCCH candidates for monitoring for all search space sets [image: ], [image: ].



Observation 3: There are several aspects on the search space set configuration for multicast DCI formats to be concluded such as whether the first and second DCI formats can be in same and/or different search space sets, whether or not DCI format 1_0 (based on CSS) and the first DCI format for multicast can be in a same search space set, whether or not DCI format 2_x and the second DCI format for multicast can be in a same search space set, etc. 

For search space set dropping in case of overbooking, prioritization among multicast CSS sets and USS sets depends on respective indexes of search space sets. Such prioritization is also needed for 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 same approach as for overbooking applies – the latter is preferable (otherwise there can even be situations where the UE prioritizes unicast for overbooking and prioritizes multicast for CORESETs and ends up not monitoring any such PDCCH). 

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. 


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 was to be introduced (independently of CA), it should be mandatory for all UEs supporting multicast – otherwise, there is no benefit if only some UEs support it. Moreover, the number of PDSCH receptions per slot remains as in Rel-16 and it is possible to use same PDCCH candidates for at least DCI format 0_0/1_0 and the first DCI format for multicast.

Observation 4: Increasing  and  for a UE does not relate to CA capability and any possible benefits for multicast and unicast operation would require that all corresponding UEs support larger  and .

Finally, it was discussed in several meetings 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 to preclude a gNB from using a same CORESET for multicast and unicast, it is detrimental to do so even if it could be agreed that all UE configured for multicast would mandatorily support more than 1 CORESET.  

Observation 5: Whether or not a UE monitors PDCCH for detection of unicast DCIs and multicast DCIs in a same CORESET is a gNB implementation issue. 


DCI formats for Multicast
In RAN1#106-e, the following were agreed for the first and second DCI formats for multicast. 

Agreement:
For multicast of RRC-CONNECTED UEs, align the size of the first DCI format for GC-PDCCH with DCI format 1_0 with CRC scrambled by C-RNTI monitored in CSS.

Agreement:
The first DCI format for GC-PDCCH uses the same fields as DCI format 1_0 with CRC scrambled by C-RNTI with the following modifications:
· At least ‘Identifier for DCI formats’ is not needed.
· FFS: Whether the field should be ignored and reserved, or should be removed.

Agreement:
The second DCI format for GC-PDCCH uses the same fields as DCI format 1_1 with the following modifications:
· At least ‘Identifier for DCI formats’ and ‘SRS request’ are not needed.
· FFS whether the fields should be ignored and reserved, or should be removed.
· Note: At least the configurable fields in DCI format 1_1 remain configurable for the second DCI format

In general, decisions for fields in the first and second DCI formats should be concluded once corresponding functionalities are concluded – i.e. resolution of the above FFS can be postponed. For example, for the field ‘Identifier for DCI formats’, if another field is not introduced for multicast PDSCH scheduling, that field should be ignored (a reserved value makes no difference for polar decoding) and, if another field is not introduced, that field can be the ‘priority indicator’. The TPC command field is also unnecessary when addressing a group of UEs. 

In our view, the only reason for having the second DCI format is to have a size smaller than for the first DCI format. That would be beneficial both for improving coverage for multicast scheduling and for scheduling with higher priority/reliability as was the case in URLLC. It would also be beneficial for minimizing required CCE aggregation levels for multicast PDCCH candidates in order to avoid/reduce search space set dropping that would occur even for a single multicast search space set with few candidates each having 8/16 CCEs aggregation level to provide coverage. Also, it is unclear what fields from DCI format 1_1 that do not exist in DCI format 1_0 would be needed for multicast, especially considering that all corresponding functionalities are optional for UEs and are either typically not implemented or are inappropriate for multicast (e.g. CBG-based retransmissions or spatial multiplexing of TBs in a PDSCH). 

Observation 6: The second DCI format for multicast is meaningful only if it has smaller size than the first DCI format.

In RAN1#106-e, the size matching of the second DCI format for multicast was discussed. It should be apparent that it is inappropriate to match the size of the second DCI format to the size of DCI format 1_1 as that would result to both the second DCI format and the DCI format 1_1 for all UEs having the maximum size of DCI format 1_1 among all UEs. For example, for 3 UEs having sizes of DCI format 1_1 of 70, 85, and 100 bits (e.g. due to different BWP sizes, number of scheduled TBs, HARQ-ACK codebook configuration, CA, etc., and without considering new fields due to Rel-17), the size of the second DCI format and the size of DCI format 1_1 will need to be 100 bits for all UEs thereby leading to very large control overhead increase and reduction in coverage. Clearly, that is not a meaningful design.   

In general, there is no need (and can be detrimental) to specify how to count sizes of second DCI formats with G-RNTI and define corresponding size matching procedures for each G-RNTI. The Rel-16 specification that a UE is not required to decode more than 4 DCI format sizes is enough. A network can align a size of a second DCI format with G-RNTI either with a size of a DCI format 2_x (probably), such as DCI format 2_2, or with a size of DCI format 0_1/1_1/0_2/1_2 (less likely). In either case, no additional specification support is needed. DCI format 1_1 provides configurability for several fields to have a smaller size than for DCI format 1_0 and that configurability can be extended to include fields that have configurable sizes for DCI format 1_2 (e.g. HPN, RV).

Observation 7: There is no need to specify how to count the size of the second DCI format for multicast – the agreement that the UE expects to decode the Rel-16 limit of “3+1” DCI format sizes suffices.

In RAN1#106-e, the following was agreed for the FDRA. 

Agreement:
For FDRA determination of the first DCI format for GC-PDCCH, down-select from Option 2 and updated Option 3.
· Option 2:
· 
 is given by
· the size of CORESET 0 if CORESET 0 is configured for the cell; and
· the size of initial DL bandwidth part if CORESET 0 is not configured for the cell.
· For resource indication value (RIV) of downlink resource allocation type 1, the similar scheme as for the case that the DCI size for DCI format 1_0 in USS is derived from the size of DCI format 1_0 in CSS but applied to an active BWP is used.
· FFS details, e.g., if the size of CFR (i.e. ) is larger than the size of CORESET0/initial DL bandwidth part, the resource indication value (RIV) is defined as in section 5.1.2.2.2 in TS38.214, where K is the maximum value from set {1, 2, 4, 8} which satisfies ;otherwise, 
· 
Option 3:  is given by the size of CFR in the active DL BWP
· If the size of the first DCI format for GC-PDCCH prior to truncation is larger than the size of DCI format 1_0 monitored in CSS, the bit width of the FDRA field in the first DCI format for GC-PDCCH is reduced by truncating the first few most significant bits such that the size of the first DCI format for GC-PDCCH equals the size of DCI format 1_0 monitored in CSS.
· FFS: Whether the removed/reserved fields can be repurposed for FDRA
· FFS: Solution for the case where the size of the first DCI format for GC-PDCCH prior to padding is smaller than the size of DCI format 1_0 monitored in CSS.

Both above options can be functional. One issue is whether the first multicast DCI format should serve similar to DCI format 1_0 in CSS for unicast and the second DCI format should serve similar to unicast DCI formats in USS. It would be easier and more efficient to provide RRC reconfigurations for multicast operation, such as CFR reconfiguration, using multicast PDSCH instead of unicast PDSCH. Then, Option 2 can apply for the first DCI format and Option 3 can apply for the second DCI format (as for unicast). Based on the previous discussion for the size alignment of the second DCI format, there is no need for additional specification support from using Option 3 for the second DCI format. Also, further specification support for truncating/padding the FDRA field for the first DCI format, relative to the FDRA field of DCI format 1_0 in CSS, depending on number of available bits or on the CFR size is not needed. 

Proposal 4: From the RAN1#106-e agreement, the FDRA field is based on Option 2 for the first DCI format and on Option 3 for the second DCI format.


Transmission scheme and HARQ process management
In RAN1#106-e, the following issue was discussed. 

[High] Question 3-1a: Regarding the NDI conflict issue that different UEs in a group may have different NDI values for a certain HPID before performing an initial PTM transmission, which option should be adopted?
· Option 1: Rely on gNB implementation to avoid such issue.
· Option 2: Resolve this issue with potential specification enhancement.

Supporting both multicast PDSCH and unicast PDSCH does not introduce a fundamental need to increase a number of HARQ process that a UE needs to support as a UE capability to receive a number of PDSCHs within a slot (regardless of “multicast” or “unicast”) does not change – i.e. for a given UE, “multicast PDSCHs” and “unicast PDSCH” in Rel-17 are same as “unicast PDSCHs” in Rel-16. Also, the number of HARQ processes that a UE supports is over-dimensioned in Rel-16 and only a subset of the 16 HARQ processes is always utilized in existing deployments. Further, the UE HARQ buffer will not increase and therefore a total number of HPNs should not implicitly increase by simultaneously associating a same HPN with different RNTIs for the UE. 

One new issue due to multicast may occur if HPNs are shared among different RNTIs (G/C-RNTIs). Then, if a HPN has different NDI values for different UEs and the HPN is used for a multicast PDSCH, the different UEs will have a different understanding of whether or not a TB transmission is an initial one. The problem exists if use of the HPN is switched between different RNTIs and the switching happens when UEs addressed by the RNTIs assume different NDI values for the HPN (there is no problem otherwise). One approach is to rely on gNB implementation to avoid the problem either by semi-static allocation of HPNs per RNTI or by dynamic allocation while ensuring a same NDI value for UEs (relatively easy for HPNs allocated only to G-RNTIs). Another approach is to rely on specification support – e.g. based on one of the following two options that were discussed in RAN1#106-e [2]. However, both options are susceptible either to missed detections of DCI formats or have other issues that require same solutions as for a gNB-based implementation. For example, for option 1, HARQ combining is not possible for initial PTM TB transmission and for a PTP TB retransmission as the TB is considered ‘new’ in the unicast PDSCH. For example, for option 1, the scheduler needs to ensure that a HPN is not used for TB retransmission for a first G-RNTI in order for the HPN to be used for a new TB transmission for a second G-RNTI when a UE is addressed by both the first and G-RNTIs at least for NACK-based HARQ-ACK (same requirement as for a gNB implementation-based solution). For example, for option 2, a G-RNTI (NDI = 0)  G-RNTI (NDI = 0)  G-RNTI (NDI = 1) event causes an error when a UE does not detect the second/middle DCI format.  

[High] Question 3-1b: If the answer is Option 2 for question 3-1a, which option do you prefer for the specification enhancement?
· Option 1: When a G-RNTI DCI is received with a given HPID in the DCI, the data shall be considered new, i.e. be treated as if the NDI bit had been toggled, irrespective of actual NDI toggling, if the G-RNTI is different from the most recent earlier received RNTI (i.e. C-RNTI or another G-RNTI) of the same HPID. When the received G-RNTI is the same as the most recent use of the HPID, legacy NDI toggling is used to indicate new data or retransmission.
· Option 2: Irrespective of earlier used RNTIs for the HPID, NDI bit ‘0’ means new data transmission, NDI bit ‘1’ means retransmission.

At least for Rel-17, it is preferable to rely on a gNB implementation to avoid HPN conflicts for different RNTIs. A semi-static partitioning of HPNs per RNTI avoids any scheduler impact (e.g. can be same as in Rel-16) and it is also simple to dynamically share HPNs among (few) G-RNTIs per UE based on gNB implementation. Except for PTP retransmissions of a PTM initial transmission, a gNB can avoid HPN sharing among C-RNTIs and G-RNTIs without any practical constraint as 16 HARQ processes are sufficient for peak rates (and NR has faster HARQ-ACK timelines than LTE).

Observation 8: HPN process sharing between unicast PDSCHs and multicast PDSCHs can be handled by gNB implementation without actual scheduling constraints for the Rel-17 framework.
 

LBRM and TBS determination
In RAN1#106-e the following as agreed.

Agreement:
For LBRM and TBS determination for GC-PDSCH:
· The maximum number of layers can be provided by maxMIMO-Layers in PDSCH-Config for MBS in CFR; if not provided, a default value is defined.
· FFS the default value.
· The maximum modulation order can be determined from mcs-Table in PDSCH-Config for MBS in CFR; 
· FFS: if mcs-Table in PDSCH-Config for MBS is not configured in CFR, a value determined from mcs-Table in PDSCH-Config for unicast in the active DL BWP is used; if the mcs-Table in PDSCH-Config for unicast is not configured, Table 5.1.3.1-1 in TS38.214 is used (similar as the default value in R16). 
· xOverhead can be provided in PDSCH-Config for MBS in CFR; if not provided, a default value of zero is used.
· The number of PRBs is determined based on the size of 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. Therefore, the maximum value is 4. For multicast PDSCH, the maximum number of layers can be min(Y, 4) where Y is given by maxMIMO-Layers in PDSCH-Config for MBS or, if not provided, by maxMIMO-Layers in PDSCH-ServingCellConfig (in order to re-use unicast configurations in case separate ones for multicast are not provided) or, if not provided, the default value of Y can be 4.

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, agreeing to the FFS above is OK as it is not reasonable to have a maximum modulation order of 8 for multicast PDSCH. A minor clarification for the “if the mcs-Table in PDSCH-Config for unicast is not configured” is that it refers to the active DL BWP.

Proposal 5: For LBRM determination and TBS calculation for GC-PDSCH: 
· For the maximum modulation order, agree to the FFS from RAN1#106-e. 
· For the maximum number of layers, agree to a similar statement as for the maximum modulation order and, for the case that no configuration is provided, set the value to 4. 

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 9: 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.    


BWP Inactivity Timer
BWP switching due to expiration of the Rel-16 BWP inactivity timer was discussed in RAN1#106-e. For reference, a proposal from the moderator is copied below.

[bookmark: _Hlk80094480][High] Updated Proposal 1-5: If a UE is configured with a CFR in the active DL BWP, for timer-based active DL BWP switching to a default BWP, further study the following options:
· Option 1: UE also starts or restarts BWP-InactivityTimer when it successfully decodes a GC-PDCCH addressed to group-common RNTI (e.g., G-RNTI or G-CS-RNTI).
· Option 2: Introduce a new MBS-BWP-InactivityTimer for GC-PDCCH receptions.
· Option 3: Multicast reception has no impact on Rel-16 UE behavior related to BWP-InactivityTimer.
· Note: Other options are not precluded.

The reason why a default DL BWP was introduced in Rel-15 was to conserve UE power during inactivity periods of unicast traffic. For the default BWP to be meaningful, it needs to have smaller BW than other configured DL BWPs and also have “lighter” configurations for transmissions/receptions (e.g. have a PDCCH-Config resulting to sparser PDCCH monitoring). 

Option 3 practically cancels the default BWP functionality because it would be typical that many UEs in an MBS group do not have significant unicast traffic but, in order to avoid restrictions on multicast data rates, the default BWP needs to support as large a CFR as any other DL BWP. Also, Option 3 requires unnecessary overhead and poor spectral efficiency for a network to support UE power savings as the network needs to provide same multicast traffic in multiple CFRs. It is also unlikely that multiple CFRs for UEs with different multicast services can be included in the default BWP. 

Option 1 bundles unicast and multicast traffic to a same BWP-InactivityTimer. That results to unnecessary UE power consumption because PDCCH monitoring for unicast or multicast scheduling when there is no/sparse respective traffic needs to be as frequent as when there is active unicast or multicast traffic. Also, BWP-InactivityTimer is UE-specific to match characteristics of unicast traffic and cannot have a same value for all UEs that also receive multicast traffic. Therefore, in order to avoid unnecessary UE power consumption, a separate BWP-InactivityTimer needs to be introduced for multicast (e.g. BWP-InactivityTimer-MBS). A UE switches to the default DL BWP only when both (unicast/multicast) timers expire and switches search space set groups (SSSGs), or skips PDCCH monitoring for a configured duration, for either unicast or multicast in the non-default DL BWP when only the corresponding timer expires.  
Proposal 6: BWP-InactivityTimer is separately configured for unicast and multicast. A UE switches SSSGs, or skips PDCCH monitoring for a configured duration, for unicast or multicast in the non-default DL BWP when only the corresponding timer expires. 


SPS multicast PDSCH 
In RAN1#106-e the following was agreed.

Agreement:
If a SPS-config for MBS is configured in CFR, one G-CS-RNTI is associated with the SPS-config.
· FFS: Multiple G-CS-RNTIs associated with one SPS-config

The motivation for the FFS is to support multiple MBS services with limited SPS configurations. Since data is scrambled prior to modulation and the scrambling sequence generator is initialized based on the RNTI, supporting multiple G-CS-RNTIs per SPS-Config would require a UE to perform multiple descrambling and LDPC decoding operations for a same PDSCH which is not supported by existing UE hardware. Also, performing multiple LDPC decoding operations would require a separate UE capability. Rel-16 specifications support up to 8 SPS configurations - support of multiple SPS configurations may also be considered for multicast as a UE capability. For example, a UE that can support up to N MBS services may indicate a capability to support up to N SPS configurations for multicast in addition to one SPS configuration for unicast (no need to consider multiple SPS configurations for unicast that were introduced for IIoT in Rel-16). 

Observation 10: Associating multiple G-CS-RNTIs with one SPS-Config unicast PDSCH requires new UE hardware. 

Proposal 7: Consider a UE capability for Rel-17 MBS to support one or more SPS-Config per RNTI. 
  
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

The use of GC-PDCCH was agreed in RAN1#104b-e and therefore the issue is whether to specify additional mechanisms. 

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 both an infrequent event, and has typically smaller BLER than a TB, and is not associated with link adaptation for a UE-specific PDSCH – e.g. there is nothing to be gained in terms of spectral efficiency or UE power savings to expand the specifications and support multiple solutions for a same function. 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, LTE or NR wouldn’t work) while the specification impact from doing so would be material (e.g. 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 11: 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: RBG, RB bundle and PRG for multicast PDSCH in CFR are defined using the same procedure as for unicast PDSCH in DL BWP.

Proposal 2: For a unicast RBG/PRG overlapping with CFR boundaries, a UE assumes that only RBs outside the CFR are used for unicast PDSCH reception.

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: From the RAN1#106-e agreement, the FDRA field is based on Option 2 for the first DCI format and on Option 3 for the second DCI format.

Proposal 5: For LBRM determination and TBS calculation for GC-PDSCH: 
· For the maximum modulation order, agree to the FFS from RAN1#106-e. 
· For the maximum number of layers, agree to a similar statement as for the maximum modulation order and, for the case that no configuration is provided, set the value to 4. 

Proposal 6: BWP-InactivityTimer is separately configured for unicast and multicast. A UE switches SSSGs, or skips PDCCH monitoring for a configured duration, for unicast or multicast in the non-default DL BWP when only the corresponding timer expires. 

Proposal 7: Consider a UE capability for Rel-17 MBS to support one or more SPS-Config per RNTI. 


In addition, the following observations are made.

Observation 1: There is no need and it is not realistic in Rel-17 to support more than one CFR per DL BWP for a UE.

Observation 2: It is possible for a UE provided with G-RNTI/CS-G-RNTI to not be provided additional configurations of PDCCH-Config, PDSCH-Config, or PUCCH-Config for multicast. 

Observation 3: There are several aspects on the search space set configuration for multicast DCI formats to be concluded such as whether the first and second DCI formats can be in same and/or different search space sets, whether or not DCI format 1_0 (based on CSS) and the first DCI format for multicast can be in a same search space set, whether or not DCI format 2_x and the second DCI format for multicast can be in a same search space set, etc. 

Observation 4: Increasing  and  for a UE does not relate to CA capability and any possible benefits for multicast and unicast operation would require that all corresponding UEs support larger  and .

Observation 5: Whether or not a UE monitors PDCCH for detection of unicast DCIs and multicast DCIs in a same CORESET is a gNB implementation issue. 

Observation 6: The second DCI format for multicast is meaningful only if it has smaller size than the first DCI format.

Observation 7: There is no need to specify how to count the size of the second DCI format for multicast – the agreement that the UE expects to decode the Rel-16 limit of “3+1” DCI format sizes suffices.

Observation 8: HPN process sharing between unicast PDSCHs and multicast PDSCHs can be handled by gNB implementation without actual scheduling constraints.

Observation 9: 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.    

Observation 10: Associating multiple G-CS-RNTIs with one SPS-Config unicast PDSCH requires new UE hardware. 

Observation 11: For SPS GC-PDSCH activation/deactivation, the agreement from RAN1#104-bis-e to support GC-PDCCH is sufficient. 


References:
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