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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#103-e [1]. 

[bookmark: _Ref54368939]Agreements: For RRC_CONNECTED UEs, if initial transmission for multicast is based on PTM transmission scheme 1, at least support retransmission(s) can use PTM transmission scheme 1.
· FFS: whether to support PTP transmission for retransmission(s).
· FFS: whether to support PTM transmission scheme 2 for retransmission(s).
· FFS: How to indicate the association between PTM scheme 1 and PTP transmitting the same TB.
· FFS: If multiple retransmission schemes are supported, then can different retransmission schemes be supported simultaneously for different UEs in the same group?

A related agreement was also made for reliability enhancements of MBS as below.

Agreements: From the perspective of RRC_CONNECTED UEs receiving multicast, at least for PTM scheme 1 initial transmission, retransmission supports, for the purpose of down-selection, options are:
· Option 1: group-common PDCCH scheduled group-common PDSCH
· Option 2: UE-specific PDCCH scheduled PDSCH
· Alt 1: PDSCH is UE-specific PDSCH
· Alt 2: PDSCH is group-common PDSCH
· Option 3: both option 1 and option 2
· FFS other options
· FFS CBG based retransmission

[bookmark: _Hlk57391897]As also discussed in [2], a motivation to restrict a network on what DCI format to use for a TB retransmission (or even an initial TB transmission) is unclear. From a UE perspective, there is no impact in complexity and Rel-16 allows use of any DCI format (including DCI formats with different FDRA or other fields – i.e. DCI 1_0/1_1 and DCI 1_2). Also from a UE perspective, the UE does not care whether an initial TB transmission for a HARQ process was received only by the UE or was also received by other UEs (it is assumed that the UE complexity for a maximum number of HARQ processes does not increase – i.e. HARQ processes on a cell are shared between MBS and unicast). In principle, as configurations of different search space sets can be associated with different DCI formats, a network should be able to use whatever is meaningful and convenient at any time instead of being unnecessarily restricted. Also, a unicast PDCCH can use a smaller CCE aggregation level, such as 1 CCE, instead of a large aggregation level, such as 4 CCEs or 8 CCEs, that is expected to be the smallest one for monitoring group-common PDCCH. Further, it is noted that as long as an RNTI is provided by UE-specific RRC signaling, there is no such thing as ‘group-common’ PDSCH. The following proposal is also made in [2]. 

Proposal 1: No restriction is introduced for the DCI formats that can schedule a TB reception for a HARQ process to a UE - both a DCI format in a group-common PDCCH and a DCI format in UE-specific PDCCH can be used.  


The following working assumption was also made in RAN1#103-e.
Working assumption: 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

Option 2A and Option 2B intend to provide a same functionality, namely to allow a UE to receive both unicast PDSCH and MBS PDSCH, and the difference would be with respect to other configuration aspects. The active DL BWP is associated with several UE configurations such as a maximum number of CORESETs, a maximum number of DCI format sizes, measurements for RLM, and so on. Introducing both a unicast DL BWP and an MBS BWP as UE active BWPs for a cell would have a larger specification impact for differentiating the MBS BWP than introducing a common frequency resource. For that reason, using a common frequency resource is somewhat preferable. It can also be considered to defer a decision as it is not strictly a technical one. Further, as the ‘group-common’ PDCCH/PDSCH configuration is by UE-specific RRC signaling, the configuration can be as in Rel-16 for UE-specific PDCCH/PDSCH configuration (and a UE does not need to know whether or not the gNB provides the same configuration to other UEs). 

Observation 1: Group-common PDCCH/PDSCH configuration is according UE-specific PDCCH/PDSCH configuration.

Proposal 2: Consider a common frequency resource within the active DL BWP for subsequent discussions on MBS.


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

Agreements: Support SPS group-common PDSCH for MBS for RRC_CONNECTED UEs
· FFS: use group-common PDCCH or UE-specific PDCCH for SPS group-common PDSCH activation/deactivation
· FFS: whether to support more than one SPS group-common PDSCH configuration per UE
· FFS: whether and how uplink feedback could be configured
· FFS: retransmission of SPS group-common PDSCH

For the first FFS, the question is rather whether to use a DCI format with C-RNTI or a DCI format with a new RNTI for MBS SPS PDSCH activation/deactivation. It is rather clear that a DCI format with a new RNTI (G-RNTI) should be used. Multiple MBS SPS PDSCH configurations would be needed if different SPS PDSCH services require different transmission parameters such as periodicity. That is supported in Rel-16 IIoT and a corresponding specification impact for MBS is expected to be minimal and mostly relate to having multiple configurations for MBS SPS PDSCH. HARQ-ACK feedback can be UE-specific and follow HARQ-ACK feedback for MBS PDSCH scheduled by a DCI format. Retransmission can also be as for MBS PDSCH scheduled by a DCI format.

Proposal 3: Activation/deactivation of MBS SPS PDSCH is by a DCI format with a new RNTI (G-RNTI). 

Proposal 4: Support multiple MBS SPS PDSCH configurations. 

Proposal 5: HARQ-ACK report and retransmissions of MBS SPS PDSCH are supported as for unicast SPS PDSCH. 


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

Agreements: For PTM transmission scheme 1, the CORESET for group-common PDCCH is configured within the common frequency resource for group-common PDSCH.
· FFS: number of CORESET(s) for group-common PDCCH within the common frequency resource for group-common PDSCH

For the number of CORESETs for MBS-specific PDCCH, there are the following choices:
a) The maximum number of CORESETs for both MBS PDCCH and for unicast PDCCH is same as in Rel-16 (per UE). A gNB can configure to a UE up to the maximum number of CORESETs for MBS PDCCH or for unicast PDCCH. The UE complexity remains as in Rel-16. Different TRPs (TCI states) for MBS PDCCH and for unicast PDCCH can be supported but that would limit the number of CORESETs for MBS PDCCH and for unicast PDCCH for a UE to less than the maximum in Rel-16.
b) The maximum number of CORESETs for both MBS PDCCH and for unicast PDCCH is larger than in Rel-16 (per UE). A gNB can configure to a UE up to the Rel-16 maximum number of CORESETs for MBS PDCCH or for unicast PDCCH. The UE complexity is larger than in Rel-16. Different TRPs (TCI states) for MBS PDCCH and for unicast PDCCH can be supported without limiting the number of CORESETs for MBS PDCCH and for unicast PDCCH for a UE to less than the maximum in Rel-16.

Both options imply single-cell MBS operation and have tradeoffs. It is assumed that “No standardized support specifically for SFN is provided in this WI” based on the WID [3]. Considering that MBS operation needs to address multiple UEs, use of narrow beams is highly unlikely and the cell-defining beam (SSB) and CORESET 0 are expected to be typically used. Further, for possible multi-TRP MBS operation, the TRPs will have ideal backhaul and can use a single CORESET for PDCCH transmission as in Rel-16 or as in Rel-17 MIMO for SFN. Then the first option is preferable. The second option would impact UE complexity in order to support additional TCI states (beams) for PDCCH receptions and additional CSI-RS measurements to maintain QCL. This is also deemed to be contrary to the WID that “In order to facilitate implementation and deployment of the feature, the overall implementation impact should be limited, and the UE complexity should be minimized (e.g. device hardware impact should be avoided)” [3]. It is 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 be re-used for MBS PDCCH, again without requiring increasing the maximum number of CORESETs.

Proposal 6: The maximum number of CORESETs per cell for either or both MBS PDCCH and unicast PDCCH is same as in Rel-16. 


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

Agreements: Down select from the two options for BDs/CCEs limit for Rel-17 MBS
· Option 1: 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.
· Option 2: For UEs supporting CA capability, the budget of BDs/CCEs of an unused CC can be used for group-common PDCCH to count the number of BDs/CCEs, which is similar to the method used for multi-DCI based multi-TRP in Rel-16.

While Option 1 is clear, Option 2 is ambiguous. The “unused CC” is interpreted to be a configured cell that is de-activated or has a dormant BWP as the 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. However, that does not change  or  (per cell), it may only increase the value of  or  depending on number of configured cells per SCS. Conversely, multi-TRP operation requires a new UE capability where   or  increases by a factor of  per cell – but that is not relevant to utilizing “BDs/CCEs of an unused CC”. Option 2 can be beneficial for UEs in CA operation with many cells (at least more than 4 DL cells) but for the purposes of single-cell MBS operation the benefits would not be significant. Further, similar to the issue about the maximum number of CORESETs, it is assumed that “No standardized support specifically for SFN is provided in this WI”.

Observation 2: Option 2 needs to be clarified for whether it requires a new UE capability to increase / or whether it replaces configured cells with activated/non-dormant BWP DL cells to compute /.

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

From a UE perspective, there is no difference of unicast PDSCH vs. a ‘group-common’ PDSCH (‘group-common’ can be even for a single UE - up to gNB implementation). For the first 3 cases, the issue is the number of PDSCHs that a UE can receive in a slot. That can 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. Also, same as for a Rel-16 UE supporting eMBB and URLLC, there is no need to support FDM PDSCH receptions and there is no need to introduce a respective UE capability.

Proposal 7: The number of TDM (MBS or unicast) PDSCH receptions is same as for the corresponding Rel-16 UE capability. FDM PDSCH receptions (MBS or unicast) are not supported.


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

Agreements: For search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, further study the following options.
· Option 1: Define a new search space type specific for multicast 
· Option 2: Reuse the existing CSS type(s) in Rel-15/16
· FFS: whether modifications are needed for multicast 
· Option 3: Reuse the existing USS in Rel-15/16 with necessary modifications for MBS
· FFS: detailed modifications 

The search space defines the CCE locations for the PDCCH candidates. The Rel-16 search space equation remains applicable and the only issue is whether  is initialized to 0 or to the (new) RNTI (G-RNTI). Initializing with the RNTI is preferable as it is easier to avoid collisions with PDCCH candidates for Type-3 CSS. 

Proposal 8: The Rel-16 search space equation with  is used for MBS PDCCH.


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

Agreements: For search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, further study the following options for the monitoring priority of search space set
· Option 1: The monitoring priority of search space set for multicast is the same as existing Rel-15/16 CSS
· Option 2: The monitoring priority of search space set for multicast is the same as existing Rel-15/16 USS
· Other options are not precluded 
· The monitoring priority is used at least for PDCCH overbooking case
· FFS for other cases (e.g., to prune PDCCH in terms of whether it’s unicast or multicast, etc.)

The question essentially is whether search space sets for MBS PDCCH should always have larger priority than search space sets for unicast PDCCH. The answer to that question is ‘no’ as such mandate by specification is detrimental - priority assignment should be left to gNB implementation as, for example, it can depend on the particular service. By assigning a smaller search space set index, the gNB assigns a corresponding priority to associated PDCCH receptions/DCI formats with respect to search space set dropping due to overbooking. MBS PDCCH priorities can therefore be smaller, larger, or in between unicast PDCCH priorities and MBS search space sets are as unicast search space sets (USS sets). 
 
[bookmark: _Hlk57631804]Proposal 9: 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.


Another issue is the DCI format size budget. Assuming no increase in UE complexity for the number of DCI format sizes, the issue is whether or not to consider the DCI format scheduling MBS PDSCH as a DCI format with C-RNTI for the purpose of determining the DCI format size budget. If the DCI format is not considered together with unicast DCI formats, gNB deployments 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 gNB 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 gNB 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 gNB 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. 
 
Proposal 10: If the number of DCI format sizes is as in Rel-16, the size of the DCI format scheduling MBS PDSCH is counted together with the sizes of unicast DCI formats. The sizes of the fields of the DCI format are configurable. 


Certain considerations that were particular to Rel-15 (such as the design modems to reduce time-to-market for NR while the specifications were ongoing - a side effect was the restriction to have a maximum of 4 DCI format sizes was) are no longer applicable. It can now be considered to increase the number of sizes for DCI format sizes that a UE can monitor PDCCH. There is no particular impact in UE implementation/hardware complexity in doing so. Then, there can be full flexibility in the size of the DCI format scheduling MBS PDSCH receptions and no further considerations are needed.

Proposal 11: For the purposes of MBS, consider increasing to 5 the number of sizes for DCI formats that a UE can be configured to monitor PDCCH.


MBS PDSCH should exploit the flexibility provided by DCI format 1_2 in Rel-16. This will also minimize any specification impact and operation suboptimalities associated with DCI formats with fixed sizes. 

Proposal 12: The DCI format for MBS PDSCH is based on DCI format 1_2.
 

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

Proposal 1: No restriction is introduced for the DCI formats that can schedule a TB reception for a HARQ process to a UE - both a DCI format in a group-common PDCCH and a DCI format in UE-specific PDCCH can be used.  

Proposal 2: Consider a common frequency resource within the active DL BWP for subsequent discussions on MBS.

Proposal 3: Activation/deactivation of MBS SPS PDSCH is by a DCI format with a new RNTI (G-RNTI). 

Proposal 4: Support multiple MBS SPS PDSCH configurations. 

Proposal 5: HARQ-ACK report and retransmissions of MBS SPS PDSCH are supported as for unicast SPS PDSCH. 

Proposal 6: The maximum number of CORESETs per cell for either or both MBS PDCCH and unicast PDCCH is same as in Rel-16. 

Proposal 7: The number of TDM (MBS or unicast) PDSCH receptions is same as for the corresponding Rel-16 UE capability. FDM PDSCH receptions (MBS or unicast) are not supported.

Proposal 8: The Rel-16 search space equation with  is used for MBS PDCCH.

Proposal 9: 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 10: If the number of DCI format sizes is as in Rel-16, the size of the DCI format scheduling MBS PDSCH is counted together with the sizes of unicast DCI formats. The sizes of the fields of the DCI format are configurable. 

Proposal 11: For the purposes of MBS, consider increasing to 5 the number of sizes for DCI formats that a UE can be configured to monitor PDCCH.

Proposal 12: The DCI format for MBS PDSCH is based on DCI format 1_2.


In addition, the following observations are made.

Observation 1: Group-common PDCCH/PDSCH configuration is according UE-specific PDCCH/PDSCH configuration.

Observation 2: Option 2 needs to be clarified for whether it requires a new UE capability to increase / or whether it replaces configured cells with activated/non-dormant BWP DL cells to compute /.
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