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

Group Scheduling
The following was agreed in RAN1#104-e regarding the common frequency resource (CFR) for group-common PDCCH/PDSCH [1]. 

[bookmark: _Ref54368939]Agreement:
For multicast of RRC-CONNECTED UEs, a common frequency resource for group-common PDCCH / PDSCH is confined within the frequency resource of a dedicated unicast BWP to support simultaneous reception of unicast and multicast in the same slot
· Down select from the two options for the common frequency resource for group-common PDCCH/ PDSCH
· Option 2A: The common frequency resource is defined as an MBS specific BWP, which is associated with the dedicated unicast BWP and using the same numerology (SCS and CP)
· FFS BWP switching is needed between the multicast reception in the MBS specific BWP and unicast reception in its associated dedicated BWP
· Option 2B: The common frequency resource is defined as an ‘MBS frequency region’ with a number of contiguous PRBs, which is configured within the dedicated unicast BWP.
· FFS: How to indicate the starting PRB and the length of PRBs of the MBS frequency region
· FFS whether UE can be configured with no unicast reception in the common frequency resource
· FFS on details of the group-common PDCCH / PDSCH configuration
· FFS whether to support more than one common frequency resources per UE / per dedicated unicast BWP subjected to UE capabilities
· FFS whether the use of a common frequency resource for multicast is optional or not
· FFS whether the common frequency resource is applicable for PTM scheme 2 (if supported) or not

Option 2A and Option 2B are in practice two equivalent straightforward ways to allow a UE to receive both unicast PDSCH and MBS PDSCH. Option 2B is preferred because the specifications are written from the perspective of a single active DL BWP that is associated with several UE configurations such as maximum number of CORESETs, maximum number of DCI format sizes, measurements for RLM, and so on. Introducing both a unicast DL BWP and an MBS BWP as active DL BWPs for a UE on a cell would unnecessarily have a larger specification impact than introducing an MBS frequency region. 

Proposal 1: An MBS frequency region within the active DL BWP is configured to a UE for MBS operation.


Regarding the first FFS, there is no reason to specify that a UE cannot be configured unicast reception in the CFR as the CFR is included in the active DL BWP – the gNB may or may not provide associated configurations. Regarding the second FFS, since the configurations are UE-specific (no such thing as “group-common”), they can follow Rel-16 PDCCH/PDSCH configurations. Regarding the third FFS, there is no apparent need to support multiple CFRs within an active DL BWP as that can be always translated into a single, larger, CFR. Having multiple CFRs may also lead to equivalent operations as having multiple active DL BWPs which should be avoided. As previously noted, similar to a BWP, the CFR is UE-specific and different UEs can be configured different CFRs but there is no need for a given UE to be configured more than one CFR. Regarding whether or not a CFR is mandatory or optional, there is no reason for it to be mandatory as a network can always choose to operate all UEs with a same active DL BWP that is same as the CFR (that is actually expected to be a typical case in practice). Regarding the fifth FFS, PTM scheme 1 together with unicast retransmissions provide all required functionalities in an efficient manner and additional specifications should be avoided when unnecessary. 

One other issue relates to active BWP switching that can occur due to several reasons including an expiration of the BWP-InactivityTimer. Then, a UE may switch to a default BWP due to absence of unicast scheduling while MBS scheduling is ongoing. 

Observation 1: 
(a) It is a gNB implementation aspect whether or not to configure unicast receptions for a UE in the CFR. 
(b) Group-common PDCCH/PDSCH configuration can follow UE-specific PDCCH/PDSCH configuration.
(c) There is no need to support more than one CFR for a UE within an active DL BWP.
(d) Configuration of a CFR is not necessary (if not configured, the CFR is the active DL BWP).
(e) There is no need to introduce PTM scheme 2.
(f) An active BWP change needs to be common for unicast and multicast. 


For the configuration of the CFR, the following was agreed in RAN1#104-e.

Agreement:
· If Option 2B is supported for common frequency resource for multicast of RRC-CONNECTED UEs, the starting PRB and the length of PRBs of the MBS frequency region within a dedicated unicast BWP are configured via UE-specific RRC signaling.
· The starting PRB is referenced to one of the two options:
· Option 1: Point A
· Option 2: the starting PRB of the dedicated unicast BWP
· FFS the detailed signaling
· If Option 2A is supported for common frequency resource for multicast of RRC-CONNECTED UEs, the configurations of the starting PRB and the length of PRBs of the MBS frequency resource reuse the legacy BWP configuration.

Regarding the two options for “Option 2B”, as the CFR is within the active DL BWP, “Option 2” is a straightforward choice for referencing the starting PRB. The signaling for “Option 2” is trivial but can be left to RAN2. This is also interpreted to have been agreed by the first sub-bullet in the following agreement. 

Agreement:
From RAN1 perspective, the CFR (common frequency resource) for multicast of RRC-CONNECTED UEs, which is confined within the frequency resource of a dedicated unicast BWP and using the same numerology (SCS and CP), includes the following configurations:
· Starting PRB and the number of PRBs 
· One PDSCH-config for MBS (i.e., separate from the PDSCH-Config of the dedicated unicast BWP)
· One PDCCH-config for MBS (i.e., separate from the PDCCH-Config of the dedicated unicast BWP)
· SPS-config(s) for MBS (i.e., separate from the SPS-Config of the dedicated unicast BWP)
· FFS: Other configurations and details including whether signaling of starting PRB and the length of PRBs is needed when CFR is equal to the unicast BWP
· FFS: Whether a unified CFR design is also used for broadcast reception for RRC_IDLE/INACTIVE and RRC_CONNECTED
· FFS: Whether Coreset(s) for CFR in addition to existing Coresets in UE dedicated BWP is needed
· Note: The terminology of CFR is only aiming for RAN1 discussion, and the detailed signaling design is up to RAN2
· Note: This agreement does not negate any previous agreements made on CFR

The first of the above FFS relates to an FFS of the first cited agreement. Signaling of starting PRB and length of PRBs can be optional and the configurations can follow the UE-specific BWP configurations (RAN2 can define). For the second FFS, using MBS frequency region offers commonality with RRC_CONNECTED and can be a working assumption It is noted that the notion of BWP exists for RRC_IDLE/ INACTIVE UEs as an RRC_INACTIVE UE can be configured for small data transmission (SDT) and an RRC_IDLE UE can be configured to monitor PDCCH for detection of DCI format 2_6 and those receptions are associated with a BWP (initial BWP or last active BWP). 

Regarding the last FFS, similar to avoiding increasing the number of HARQ processes, the number of CORESETs should not increase as there is no apparent need and as that would affect UE hardware complexity (against the WID [3]). It is noted that increasing the number of CORESETs would only make sense if the UE is also required to increase the supported number of TCI states for PDCCH receptions and perform additional CSI-RS measurements to maintain corresponding QCL. It is also noted that Rel-17 MIMO is defining mechanisms where two TCI states can be used to transmit one PDCCH candidate in a CORESET [1]. Those mechanisms can also apply for MBS PDCCH without requiring an increase in the maximum number of CORESETs.

Observation 2: There is no need to increase the number of CORESETs for a UE configured with MBS and unicast PDSCH. 


For the number of PDCCH candidates and non-overlapping CCEs, the following was agreed. 
 
Agreement:
The maximum number of monitored PDCCH candidates and non-overlapped CCEs per slot per serving cell defined in Rel-15 is kept unchanged for Rel-17 MBS.
· FFS whether the budget of BDs/CCEs of an unused CC can be used for group-common PDCCH to count the number of BDs/CCEs for UEs supporting CA capability based on configuration, which is similar to the method used for multi-DCI based multi-TRP in Rel-16.

Regarding the FFS in the above agreement, “unused CC” is interpreted to be deactivated SCells, or SCells having a dormant BWP as active DL BWP – i.e. in the calculation of  or  in TS 38.213,  refers to the activated/non-dormant BWP DL cells instead of configured DL cells. Assuming no new UE capability is defined, that does not change  or  (per scheduled cell) but can increase  or  depending on number of configured cells per SCS. That can be useful when a UE has many configured cells but the overall issue relates more to CA enhancements than to MBS. Also, it is incorrectly stated that this “is similar to the method used for multi-DCI based multi-TRP in Rel-16” as multi-TRP operation requires a new UE capability where   or  increases by a factor of  per cell (there is no re-use of PDCCH monitoring capability due to “unused CCs”).

Observation 3: Determining number of PDCCH candidates/CCEs based on activated/non-dormant BWP SCells instead of configured cells can be useful but it relates to CA enhancements. 


For the DCI format sizes, the following WA was agreed. 

Working Assumption: 
Keep the “3+1” DCI size budget defined in Rel-15 for Rel-17 MBS.
· FFS: Whether the G-RNTI is counted as “C-RNTI” or as “other RNTI” when considering the “3+1” DCI size budget rule for group-common PDCCH.

If the DCI format is not considered together with unicast DCI formats, a network will probably need to resize some DCI formats 2_x, increase them in size, and that is not realistic. If the DCI format is considered together with unicast DCI formats, the network can either size match the DCI format for MBS PDSCH with one of the unicast DCI formats for all UEs, or size match unicast DCI formats to have two sizes. For example, if configured for a UE, the network can size match DCI formats 0_1/1_1 and configure DCI formats 0_2/1_2 to have same size as DCI formats 0_0/1_0 or as DCI formats 0_1/1_1, or the network can configure the fields of the DCI format for MBS PDSCH so that the DCI format has same size as DCI format 0_0/1_0 that is likely to be same for all UEs. 

Fundamentally, the DCI format for scheduling MBS PDSCH cannot be DCI format 1_0 as not all fields in the DCI format 1_0 are needed, such as the PUCCH resource indicator or the TPC command, and new fields may be needed for scheduling MBS PDSCH. Moreover, the size of the DCI format does not need to be same as DCI format 1_0 and can potentially be materially smaller. To avoid inefficiencies and minimize specification impact, either a new DCI format or DCI format 1_2 that allows for configurable field sizes should be used to schedule MBS PDSCH. It is noted that the size of DCI format 1_2 can be smaller than the size of DCI format 1_0 and that DCI format 1_2 provides full flexibility to the network while DCI format 1_0 is hard-coded. The same can apply for RRC_IDLE/INACTIVE UEs that monitor PDCCH for detection of DCI format 2_6 or of DCI formats scheduling SDT. Further, the WA assumption should be kept until the DCI format used for scheduling MBS PDSCH is concluded.
 
Proposal 2: The size of the DCI format scheduling MBS PDSCH is counted together with the sizes of unicast DCI formats. 

Proposal 3: Revisit the WA on keeping the “3+1” DCI size budget after concluding the DCI format for MBS PDSCH.

Proposal 4: The DCI format for scheduling MBS PDSCH is based on DCI format 1_2 or is a new DCI format.


For the priority of the search space set for PDCCH scheduling MBS PDSCH, the following was agreed.

Agreement:
For search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, at least support CSS
· FFS: reuse existing CSS type(s) in Rel-15/16 or define a new Type CSS
· FFS: Two options for monitoring priority:
· Option 1: the monitoring priority is the same as existing Rel-15/16 CSS
· Option 2: the monitoring priority is determined based on the search space set indexes of search space set(s) for multicast and USS sets.

The option that can be directly supported using Rel-16 specifications is to use USS, not CSS, for the PDCCH scheduling MBS PDSCH. All UEs configured for a same MBS can be configured a same G-RNTI. Then, the UEs will monitor the same PDCCH candidates (“UE-group common” is in any case a network implementation issue). Search space set priority would be as in Rel-16 based on the search space set index and there is no specification impact. However, given that CSS is to at least be supported, Option 2 should apply as the search space sets for PDCCH scheduling MBS PDSCH cannot always have larger priority than all search space sets for PDCCH scheduling unicast PDSCH (e.g. unicast PDSCH can include URLLC-type services). Then, for determining a priority, CSS sets for PDCCH scheduling MBS PDSCH are considered together with USS sets and priority can again be determined based on the search space set index. Whether the search space set for scheduling MBS PDSCH is considered a new CSS type or a Type-3 CSS is not a design issue and need not be discussed. 

[bookmark: _Hlk57631804]Proposal 5: The monitoring priorities of search space sets for MBS PDCCH are determined according to the corresponding search space set indexes as for USS sets in Rel-16.


Regarding SPS MBS PDSCH, the following were agreed. 

Agreement: 
For RRC_CONNECTED UEs, more than one SPS group-common PDSCH configuration for MBS can be configured per UE subject to UE capability
· The total number of SPS configurations supported by a UE currently defined for unicast is not increased due to additionally supporting MBS.
· FFS: How to allocate the total SPS configurations between MBS and unicast.
 
Agreement: 
For RRC_CONNECTED UEs, support HARQ-ACK feedback for SPS group-common PDSCH for MBS
· FFS: The retransmission scheme(s)
· FFS: The HARQ-ACK details for SPS PDSCH and activation/deactivation, which can be discussed in AI 8.12.2

[bookmark: _Hlk63418960]Working assumption:
For activation/deactivation of SPS group-common PDSCH 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

The allocation of the total SPS configurations between MBS and unicast is a gNB implementation issue (e.g. similar to the allocation of the total SPS configurations between priority 0 and priority 1 type services in Rel-16). Retransmission schemes for SPS MBS PDSCH can follow the same approaches as for PDCCH-based MBS PDSCH and either a DCI format with G-RNTI or a DCI format with CS-RNTI can be used. A missed activation/deactivation can be addressed in a same manner as an incorrect MBS PDSCH reception and either a DCI format with G-RNTI or a DCI format with CS-RNTI can be used for a next activation/deactivation attempt. 

Proposal 6: A DCI format with CS-RNTI can be used for activation of SPS MBS PDSCH receptions.


For the HARQ processes, the maximum number should be kept as in Rel-16 and the HARQ processes can be shared between MBS and unicast without any specification impact similar to sharing the HARQ processes between eMBB and URLLC in Rel-16. The DCI formats for MBS PDSCH and for unicast PDSCH can indicate different maximum HPN, as for DCI format 1_1 and DCI format 1_2 in Rel-16, but that is also a gNB implementation issue and there is no reason to define a maximum number of HARQ processes used for MBS or to distinguish HPNs used for unicast and MBS. It is also noted that use of a DCI format with C-RNTI to schedule an MBS PDSCH re/transmission has been agreed (consistent with not differentiating HARQ processes for MBS and unicast PDSCH).

Observation 4: There is no reason to increase the maximum number of HARQ processes per cell relative to Rel-16. 

Observation 5: There is no reason to separate HARQ processes between unicast and MBS. 


The following was also agreed in RAN1#103-e. 

Agreements: Further study the following cases for simultaneous reception of unicast PDSCH and group-common PDSCH in a slot based on UE capability for RRC_CONNECTED UEs.
· Case 1: support TDM between multiple TDMed unicast PDSCHs and one group-common PDSCH in a slot
· Case 2: support TDM among multiple group-common PDSCHs in a slot
· Case 3: support TDM between multiple TDMed unicast PDSCHs and multiple TDMed group-common PDSCHs in a slot
· Case 4: support FDM between multiple TDMed unicast PDSCHs and multiple TDMed group-common PDSCHs in a slot
· Case 5: support FDM among multiple group-common PDSCHs in a slot
· FFS: maximum number of PDSCHs in a slot simultaneous received per UE

In RAN1#102-e it was also agreed to support FDM between unicast PDSCH and group-based PDSCH based on a UE capability. Also, a Case 6 “support FDM among at least F (F≥1) group-common PDSCH(s) and one unicast PDSCH in a slot per CC” was suggested in RAN1#104-e. 

From a UE implementation perspective, there is no difference between unicast PDSCH and MBS PDSCH. For the first 3 cases, the issue is the number of PDSCHs that a UE can receive in a slot. Based on the WID restrictions to avoid introduction of new UE hardware complexity in order to expedite MBS deployments [3], the number of PDSCHs that a UE can receive in a slot should remain as in Rel-16 and be based on the UE capability to support 1, 2, 4, or 7 PDSCH receptions in a slot with processing capability 1 or processing capability 2. 

Regarding FDM PDSCH, in order to minimize additional hardware requirements on UEs and as MBS use-cases do not include multiple services with strict latency requirements (corresponding URLLC mechanisms are also not under consideration), Case 5 should not be supported and FDM between unicast PDSCH and group-common PDSCH should be limited to one group-common PDSCH (note that FDM between unicast PDSCH is not supported and there is no difference in UE hardware complexity between receiving ‘unicast’ PDSCH and ‘group-common’ PDSCH). 

Proposal 7: The number of TDM (MBS or unicast) PDSCH receptions in a slot is same as for the corresponding Rel-16 UE capability. 

Proposal 8: Support of FDMed PDSCH receptions is for one unicast PDSCH and one group-common PDSCH. 


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

Proposal 1: An MBS frequency region within the active DL BWP is configured to a UE for MBS operation.

Proposal 2: The size of the DCI format scheduling MBS PDSCH is counted together with the sizes of unicast DCI formats. 

Proposal 3: Revisit the WA on keeping the “3+1” DCI size budget after concluding the DCI format for MBS PDSCH.

Proposal 4: The DCI format for scheduling MBS PDSCH is based on DCI format 1_2 or is a new DCI format.

Proposal 5: The monitoring priorities of search space sets for MBS PDCCH are determined according to the corresponding search space set indexes as for USS sets in Rel-16.

Proposal 6: A DCI format with CS-RNTI can be used for activation of SPS MBS PDSCH receptions.

Proposal 7: The number of TDM (MBS or unicast) PDSCH receptions in a slot is same as for the corresponding Rel-16 UE capability. 

Proposal 8: Support of FDMed PDSCH receptions is for one unicast PDSCH and one group-common PDSCH. 


In addition, the following observations are made.

Observation 1: 
(a) It is a gNB implementation aspect whether or not to configure unicast receptions for a UE in the CFR. 
(b) Group-common PDCCH/PDSCH configuration can follow UE-specific PDCCH/PDSCH configuration.
(c) There is no need to support more than one CFR for a UE within an active DL BWP.
(d) Configuration of a CFR is not necessary (if not configured, the CFR is the active DL BWP).
(e) There is no need to introduce PTM scheme 2.
(f) An active BWP change needs to be common for unicast and multicast. 
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Observation 2: There is no need to increase the number of CORESETs for a UE configured with MBS and unicast PDSCH. 

Observation 3: Determining number of PDCCH candidates/CCEs based on activated/non-dormant BWP SCells instead of configured cells can be useful but it relates to CA enhancements. 

Observation 4: There is no reason to increase the maximum number of HARQ processes per cell relative to Rel-16. 

Observation 5: There is no reason to separate HARQ processes between unicast and MBS. 
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