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1. [bookmark: _Toc120549591]Introduction
In last several RAN1 e-meetings, some agreements about group scheduling for multicast and broadcast service were made [1][2][3][4]. In this contribution, detailed group scheduling mechanisms design for RRC_CONNECTED UEs including multicast service, broadcast service, and simultaneous operation with unicast will be discussed.
2. Multicast service group scheduling mechanism
In this section, we will discuss the detailed issues for PTM transmission scheme 1, including common frequency resource, CORESET, search space, DCI format, HARQ process management, SPS etc.
2.1 CFR
In last RAN1#106 e-meeting, the working assumption of Option 2B for CFR was confirmed, but there are some remaining issues needed to be discussed.
	Agreement:
Confirm the working assumption with the following update:
Option 2B for CFR associated with UE active BWP other than initial DL BWP is supported at least for multicast of RRC-CONNECTED UEs.
· FFS: CFR associated with initial BWP
· FFS: CFR larger than initial BWP
Note: The deleted FFSs can be discussed in another AI.


2.1.1 Number of CFR
The first issue to be discussed is whether more than one common frequency resources can be configured per dedicated unicast BWP. Let’s consider such an example, UE 1 and UE 2 receive multicast service 1, and UE 1 and UE 3 receive multicast service 2, but UE 2’s BWP and UE 3’s BWP are not overlapped. In this case, gNB can configure two common frequency resources in UE1’s BWP for receiving multicast service 1 and multicast service 2 separately. However, two small bandwidth CORESETs will be occupied by PTM transmission for UE1’s BWP in this case, but the total CORESET number per BWP is limited. In addition, considering the DCI size of group-common PDCCH is also associated to the bandwidth of common frequency resource, there will be more than one DCI sizes of group-common PDCCH for one UE if more than one common frequency resources are configured per dedicated unicast BWP and causes more spec effort on DCI size alignment procedure. To avoid this problem, another alternative is that gNB using PTP delivery methods for multicast service 2 and only configure one common frequency resource for UE 1 for multicast service 1. Therefore, we think one only common frequency resource per dedicated unicast BWP is enough in Rel-17 and will not introduce additional problem. 
Proposal 1. Don’t support more than one CFR for multicast service per dedicated unicast BWP.
2.1.2 Meaning of “no CFR configuration”
[bookmark: _Hlk66437716]Another issue is about whether multicast can be supported or not in a dedicated unicast BWP when no CFR is configured for that BWP. As we have agreed that dedicated PDSCH-config/PDCCH-config/SPS-config(s) for MBS can be configured for one CFR, including the G-RNTI, we think that PTM based multicast transmission cannot be supported in a dedicated unicast BWP when no CFR is configured for that BWP to simplify the multicast service configuration, that is to say the PTM based multicast service configuration is bundled with the CFR configuration. But no CFR configuration does not preclude gNB using PTP transmission for multicast service, because the configuration of PTP transmission is transparent to UE and has no RAN1 spec impact which is the same as unicast service transmission.
Proposal 2. If no CFR configuration is provided in the active BWP, UE will not receive multicast service through PTM scheme 1.
In addition, if there is no dedicated PDSCH-config/PDCCH-config configuration for MBS, the Rel-15/Rel-16 PDSCH-config/PDCCH-config for unicast can be re-used. For example, the CORESET(s) for unicast and MBS are the same, it is unnecessary to repeat the same configuration signalling. But for SPS-config for MBS, considering the SPS activation/deactivation signalling are different from unicast SPS and the PDSCH scrambling is also different, the Rel-15/Rel-16 unicast SPS-config may not be re-used.
Proposal 3. If the PDSCH-config/PDCCH-config for MBS is not configured in CFR, the PDSCH-Config/PDCCH-config of the dedicated unicast BWP can be re-used for group-common PDCCH/PDSCH.
2.2 PDCCH
2.2.1 Search space
In RAN1#105-e meeting, a Type-x CSS is supported for group-common PDCCH, but whether it can be monitored only on PCell or both on PCell and SCell are not discussed. In NR, the configuration of carries is flexible, e.g., Pcell for one UE can be Scell for another UE. Let’s consider two NR carriers, carrier #1 (e.g., 2.6GHz) and carrier#2 (e.g., 4.9GHz). For UE#1, carrier #1 is PCell and carrier #2 is SCell, while for UE#2, carrier#2 is PCell and carrier#1 is SCell. To guarantee the multicast service can be received by both UE#1 and UE#2, the Type-x CSS should can be monitored both on PCell and SCell. 
Proposal 4. The Type-x CSS of group-common PDCCH for multicast can be monitored both on PCell and SCell.
Another thing needs to be considered is the relationship between search space and multiple G-RNTIs. In Rel-15/16 search space configuration, each parameter only has one configured value including: monitoring periodicity, duration, monitoring symbols. For Rel-17 MBS, each service has its own service periodicity, especially, the DRX parameters are also configured per G-RNTI which has been agreed by RAN2. If one search space can only be associated with one G-RNTI, the number of search spaces for unicast service will be limited because the total search space configuration is restricted. Thus, one Type-x CSS can associate with multiple G-RNTIs, and each G-RNTI has its own PDCCH monitoring parameters, e.g., periodicity and offset, duration, monitoring symbol. In this way, gNB only needs to configure one search space index, but different G-RNTIs can have different monitoring parameters which is matched with service periodicity.
Proposal 5. One Type-x CSS of group-common PDCCH can associate with multiple G-RNTIs, and each G-RNTI can be configured with specific monitoringSlotPeriodicityAndOffset, duration and monitoringSymbolsWithinSlot.
2.2.2 CORESET
In Rel-17 MBS, CORESET can be configured within dedicated unicast BWP or CFR, whether theses CORSETs can be used for unicast and/or multicast should be clarified and we had the following four options in RAN1#104b-e meeting.
	Agreement:
If a CFR is configured for multicast in RRC-CONNECTED state and confined within a dedicated unicast BWP, further study the following options.
· [bookmark: _Hlk70085585]Option 1: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP can be used for multicast transmission if the CORESET is fully contained in the CFR in frequency domain, and the CORESET configured in PDCCH-config for MBS in the CFR can be used for unicast transmission.
· Option 2: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP cannot be used for multicast transmission even if the CORESET is fully contained in the CFR in frequency domain, and the CORESET configured in PDCCH-config for MBS in the CFR cannot be used for unicast transmission.
· Option 3: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP can be used for multicast transmission if the CORESET is fully contained in the CFR in frequency domain, but the CORESET configured in PDCCH-config for MBS in the CFR cannot be used for unicast transmission.
· Option 4: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP cannot be used for multicast transmission even if the CORESET is fully contained in the CFR in frequency domain, but the CORESET configured in PDCCH-config for MBS in the CFR can be used for unicast transmission.


As the discussion in section 2.1.2, if PDCCH-config dedicated for MBS is not configured, UE can re-use the PDCCH-config for unicast which the CORESET is fully contained in the CFR in frequency domain. Additionally, as the CORESET configured in PDCCH-config for MBS must be confined within unicast BWP, gNB can also use these CORESET(s) to schedule unicast PDSCH to reduce PDCCH blocking probability and achieve more scheduling flexibility. Considering these two aspects, we think Option 1 can be supported, which the CORESET(s) confined within the CFR can be used for multicast and unicast transmission regardless they are configured in PDCCH-config for unicast or PDCCH-config for MBS.
Moreover, considering the case which CFR size equals to unicast BWP, if Option 1 is adopted, gNB doesn’t need to configure the CORESET(s) in PDCCH-config for MBS, all CORESET(s) have been configured in PDCCH-config for unicast in the dedicated unicast BWP can be used for multicast transmission as well as unicast transmission. In comparison of Option 2, gNB needs configure two same CORESETs for unicast and multicast but with different CORESET indexes which causes the waste of CORESET number. For Option 3 and 4, the usage of CORESET is too restricted, because the CFR is totally the same as unicast BWP.
Proposal 6. If a CFR is configured in a dedicated unicast BWP for multicast in RRC-CONNECTED state,
· the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP can be used for multicast transmission if the CORESET is fully contained in the CFR in frequency domain
· the CORESET configured in PDCCH-config for MBS in the CFR can be used for unicast transmission.
2.2.3 First DCI format
	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.
· For FDRA determination, down-select from following options:
· Option 1:
· 
 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 resource blocks that can be indicated are
· the resource blocks in the CORESET 0 if CORESET 0 is configured for the cell; and
· the resource blocks in the initial DL bandwidth part if CORESET 0 is not configured for the cell.
· 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
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
· [bookmark: _Hlk82767345]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.


We prefer Option 2 as the FDRA determination of the first DCI format for GC-PDCCH. The biggest concern from Option 3 is the loss of scheduling information when the size of first DCI format prior to truncation is larger than the size of DCI format 1_0 monitored in CSS. In this case the bit width of the FDRA field in the first DCI format is reduced by truncating the first few most significant bits, that is some RIV values will never be indicated in first DCI format which is not acceptable. In comparison, the Option 2 takes a similar approach as the K scaling method in TS 38.214 which 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 to facilitate the FDRA indication flexibility with limited scheduling restriction.
Regarding whether the ‘Identifier for DCI formats’ field should be ignored and reserved, or should be removed, we think it can be postponed and also related to HARQ-ACK feedback design in AI 8.12.2. For example, we agree use DCI signalling to enable/disable HARQ feedback, but the detailed signalling is FFS. One solution is that using 1 bit in GC-PDCCH to enable/disable HARQ feedback for all UEs in the MBS group, and ‘Identifier for DCI formats’ field can be repurposed as this indication. Another solution is using the existing ‘HARQ-ACK timing indicator’ to indicate some non-valid K1 for partial UEs, in this case, we think ‘Identifier for DCI formats’ field can be ignored and reserved in the first DCI format because the FDRA filed length in the first DCI format has been aligned with DCI format 1_0 with CRC scrambled by C-RNTI monitored in CSS as in Option 2. In addition, whether ‘Priority indicator’ is needed in first DCI format or not is also under discussion, we think it is a good way to re-purpose ‘Identifier for DCI formats’ field as the ‘Priority indicator’ if is supported.
In a summary, whatever the ‘Identifier for DCI formats’ field is re-purposed as ‘HARQ-ACK feedback enable/disable’ or reserved, it cannot be removed and all DCI fields and bit lengths are equal in first DCI format and DCI format 1_0 with CRC scrambled by C-RNTI monitored in CSS without any DCI size alignment procedure.
Proposal 7. Option 2 is adopted for FDRA determination of the first DCI format for GC-PDCCH.
Proposal 8. Regarding the first DCI format for GC-PDCCH, ‘Identifier for DCI formats’ field cannot be removed, but whether should be ignored and reserved, or should be re-purposed can be postponed and up to the HARQ-ACK feedback design in AI 8.12.2. 
2.2.4 Second DCI format
	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


Before discussing whether the second DCI format G-RNTI is counted as “C-RNTI” or “other RNTI” and the DCI size alignment procedure, we need first discuss how to determine DCI size of second DCI format. 
For NR MBS, all UEs in one MBS group should have the same understanding on the bitlength of each DCI field to make sure they can interpret the same DCI. As the agreement, PDSCH-config for MBS can be configured in CFR, thus the DCI field bitlength related to the PDSCH-config for MBS are common to all UEs, e.g., FDRA, TDRA, antenna port and etc. But there are also some parameters not included in the CFR configuration and the parameters are UE-specific, e.g., the number of UE-specific BWP. One method to guarantee the alignment of the DCI filed bitlength is that all UEs assume the maximum bitlength to be used for these fields regardless its own RRC configuration, e.g., 2 bits are always used for ‘BWP indicator’.
After the first step discussion about how to guarantee all UEs in one MBS group have the same understanding on “original” DCI size of second DCI format, we further discuss whether the “original” DCI size of second DCI format is enough to guarantee DCI size budget. We think it is high probability that the introduction of “original” DCI size of second DCI format exceeds the“3+1”DCI size budget, especially considering the CFR size may be smaller than UE’s active BWP, which causes the “original” DCI size of second DCI format is smaller than DCI format 1_1 with C-RNTI. 
It is not possible to align the DCI size of second DCI format equals to DCI format 1_1 with C-RNTI because the DCI sizes of DCI format 1_1 with C-RNTI of different UEs are various. Vice versa, it is also unacceptable to reduce DCI bits in DCI format 1_1 with C-RNTI to align with second DCI format, e.g., truncating the FDRA field bits, which causes loss of scheduling information. 
To solve this issue, one simple solution is the DCI size of second DCI format can be configured by gNB which is larger than the original calculation of bitlength of DCI fields according to RRC configurations and the “actual” DCI size of second DCI format is totally up to gNB’s implementation. But one more thing needs discussion is whether the DCI size of second DCI format is counted in “C-RNTI” or “other RNTI” which has different spec impacts.
There are three approaches for gNB’s configuring “actual” DCI size of second DCI format as the following:
· Approach 1: gNB configures the “actual” DCI size of second DCI format same as the existing “other RNTI” DCI size(s).
· Approach 2: gNB configures the “actual” DCI size of second DCI format different from existing “other RNTI” DCI size(s) and the DCI size of second DCI format is counted in “other RNTI”. 
· Approach 3: gNB configures the “actual” DCI size of second DCI format different from existing “other RNTI” DCI size(s) and the DCI size of second DCI format is counted in “C-RNTI”.  
There is no spec impact on DCI size alignment procedure in Approach 1, but one disadvantage of this approach is that the DCI size of second DCI format will be much large considering the maximum of current DCI 2_x series can be up to 128bits which decrease the detection performance of second DCI format. 
There is also no spec impact on DCI size alignment procedure in Approach 2 which one additional “other RNTI” DCI size is configured compared with Approach 1 to guarantee the detection performance of second DCI format, but UE needs one additional step to further reduce “C-RNTI” DCI sizes, e.g., to align the DCI size of DCI format 0_1 with C-RNTI the same as DCI format 1_1 with C-RNTI, which causes the decrease of detection performance of unicast UL grant DCI format. 
Regarding Approach 3, gNB can configure the DCI size of second DCI format as the maximum DCI size of DCI formats 1_1 with C-RNTI among UEs. UE only needs to append zero bits to the DCI format 1_1 with C-RNTI to align with the DCI size of second DCI format without scheduling information loss. For example, there are three UEs in one MBS group which the DCI sizes of DCI format 1_1 with C-RNTI are 40 bits, 45 bits and 50 bits separately, gNB can configure the DCI size of second DCI format equals to the maximum C-RNTI DCI format 1_1 sizes among three UEs, i.e. 50 bits, and 10 zero bits and 5 zero bits are appended to UE#1’s and UE#2’s DCI format 1_1 with C-RNTI separately. This approach needs spec impact on DCI size alignment procedure.
Comparing three approaches, they all have disadvantages on increasing DCI sizes to guarantee the DCI size budget, but Approach 3 has the minimum negative impact. It is because that the DCI 2_x services usually has a large DCI size, and the DCI format 0_1 size is usually much smaller than DCI format 1_1 size, but the unicast DCI format 1_1 size is usually comparable with the DCI size of second DCI format. Therefore, we think Approach 3 is much better to solve the DCI size alignment issue. 
Proposal 9. Regarding the second DCI format for GC-PDCCH, 
· The size of the second DCI format for multicast can be configured by RRC signalling for RRC_CONNECTED UEs.
· For each DCI field, the bitlength is depend on RRC configuration if related parameter is configured in CFR, otherwise the upper bound of bitlength is assumed.
· Zero bits are appended to DCI format 1_1 with C-RNTI until the payload size equals to the size of the second DCI format.

	Agreement:
[bookmark: _Hlk82681860]For initializing scrambling sequence generator for GC-PDCCH with the second DCI format, 
·  equals the higher layer parameter pdcch-DMRS-ScramblingID if it is configured in the CORESET in a CFR used for the GC-PDCCH;  otherwise.
· FFS: Values for . Choices include one or more of the following:
· Alt1: G-RNTI used for the GC-PDCCH.
· Alt2: 0
· Alt3: Other fixed values
Agreement:
For initializing scrambling sequence generator for GC-PDSCH scheduled by the second DCI format for multicast received in Type-x CSS, 
·  equals the higher layer parameter dataScramblingIdentityPDSCH if it is configured in PDSCH-Config in a CFR used for GC-PDSCH and the RNTI equals the G-RNTI or G-CS-RNTI;  otherwise.
·  corresponds to the RNTI associated with the GC-PDSCH transmission (i.e., the G-RNTI used by the scheduling GC-PDCCH, or the G-CS-RNTI used by the SPS GC-PDSCH activation PDCCH)
Agreement:
For initializing sequence generator for DMRS of GC-PDCCH with the second DCI format received in Type-x CSS, 
·  equals the higher layer parameter pdcch-DMRS-ScramblingID if it is configured in the CORESET in a CFR used for the GC-PDCCH;  otherwise. 


In RAN1#106-e meeting, some agreements are achieved about scrambling sequence initialization for PDCCH/PDSCH and DMRS sequence generator initialization for PDCCH for second DCI format. The only one remaining issue is the initializing sequence generator for DMRS of GC-PDSCH. It is straightforward to follow the same rule of DMRS of GC-PDCCH, that is the initializing sequence generator for DMRS of GC-PDSCH can also be configurable.
Proposal 10. For initializing sequence generator for DMRS of GC-PDSCH scheduled by the second DCI format for multicast received in Type-x CSS, 
· and equals the higher-layer parameters scramblingID0 and scramblingID1, respectively, if it is configured in the DMRS-DownlinkConfig IE in a CFR used for GC-PDSCH;  otherwise.
Regarding the initializing scrambling sequence generator for GC-PDCCH, one minor remaining issue is the  value. If we follow the traditional unicast service rule, the  equals to G-RNTI. Some companies proposed to use a fixed value, e.g., 0 to reduce the BD complexity for multiple G-RNTIs. From our side, the reduction of BD number may be limited, because only two PDCCH candidates using same CCEs, same DCI size and same scrambling are counted as one BD. But for multicast services, it is not possible to schedule multiple GC-PDCCHs with different G-RNTIs at the same time because the CCE indexes are all begin from 0 for GC-PDCCHs in Type-X CSS. In addition, considering the characteristic of different multicast services, gNB usually configures different monitoring periodicities or DRX parameters for different G-RNTIs, and UE only need to monitor a specific G-RNTI GC-PDCCH at each PDCCH monitoring occasion. Therefore, we propose the  value is given by the G-RNTI but not a fixed value to follow legacy rule.
Proposal 11. For initializing scrambling sequence generator for GC-PDCCH with the second DCI format,  is given by the G-RNTI used for the GC-PDCCH.
2.3 Retransmission and HARQ process management
2.3.1 Retransmission scheme
	Agreement:
The retransmission scheme for a given SPS group-common PDSCH can be either PTM scheme 1 or PTP.
· FFS: Whether PTM scheme 1 retransmission and PTP retransmission can be used simultaneously for different UEs in the same MBS group


One remaining issue about retransmission is about whether PTM scheme 1 and PTP can be simultaneously used as retransmission scheme for different UEs. We think this may have benefits in the scenario that PTM scheme 1 retransmission using a wide beam and PTP transmissions using narrow beams for specific UEs. UE can simultaneously receive two PDCCHs and PDSCHs carrying the same retransmission TB, and it is up to UE’s implementation to decode one TB or combine two TBs. For example, if UE has successfully decoded the TB through PTM scheme 1 or PTP, it can ignore the redundant scheduling of same TB. Meanwhile, UE can also always combine two TBs to improve PDSCH decoding performance. One thing may need some discussion is the HARQ-ACK PUCCH resource, as UE may receive two PDCCHs and the PUCCH resources indicated in two PDCCHs may be different. In this case, we think the PUCCH resource should use the one indicated by PTP UE-specific PDCCH not group-common PDCCH.
Proposal 12. PTM scheme 1 retransmission and PTP retransmission can be used simultaneously for different UEs in the same MBS group.
Proposal 13. PTM scheme 1 retransmission and PTP retransmission are simultaneously for different UEs in the same MBS group, the PUCCH used for retransmission HARQ-ACK is determined by UE-specific PDCCH which for PTP retransmission.
2.3.2 HARQ process management
[bookmark: _Hlk79050749]In this section, we will discuss issues about HARQ process management, including how to determine a transmission is a new transmission or retransmission and how to differentiate the HARQ process ID used for PTP (re)transmission for unicast and PTP retransmission for multicast.
How to determine a transmission is a new transmission or retransmission
In unicast service, dynamic scheduling and SPS can use the same HPN. For a given HPN, if it is first used for CS-RNTI and then used for C-RNTI, UE will consider the NDI to have been toggled regardless of the value and treat this transmisiosn as a new transmision.
Considering the number of UEs in one MBS group may be huge, and the HPN/NDI of UEs’ unicast services are various among them, it may not possible for gNB finding a proper HPN/NDI value for all UEs to receive multicast service, for example as the following cases. 
· Case 1: The same HPN#1 but different NDIs were used for two UEs for unicast transmission in previous slot. In current slot, HPN#1 are used as PTM transmission for these two UEs, what’s value of NDI should be set? 
· Case 2: This case is a converse of Case 1. The same HPN#1 is used for G-RNTI first in previous slot, and then used for unicast transmission(s) for multiple UEs in following slot.
· Case 3: This case is about multiple G-RNTIs which the same HPN is used for different G-RNTIs in different slots.
Therefore, we think some spec enhancement are needed and the similar solution as unicast to toggle NDI of C-RNTI/CS-RNTI can be used for multicast as the following.
· Case 1: In this case, PTM transmission will use the HPN#1 for two UEs and the NDI can set 0 or 1 but UE can also consider the ND1 is toggled. That is, if a HPN is used in previous DL grant is for unicast, and the same HPN is then used for multicast, UE considers the NDI in G-RNTI DCI format to have been toggled regardless of the value of the NDI.
· Case 2: In this case UE can also consider the NDI in C-RNTI DCI format to have been toggled regardless of the value of the NDI.
· Case 3: Similarly, UE can also consider the NDI in different G-RNTIs DCI format to have been toggled regardless of the value of the NDI.
Proposal 14. If a same HPN is used for different DL grants corresponding to new transmissions of different G-RNTIs, UE will consider the NDI in DCI format with G-RNTI to have been toggled regardless of the value of the NDI.
Proposal 15. If a same HPN is used for different DL grants corresponding to unicast new transmission and multicast new transmission, UE will consider the NDI in DCI format with G-RNTI or C-RNTI to have been toggled regardless of the value of the NDI.
Differentiate the HARQ process ID used for PTP (re)transmission for unicast and PTP retransmission for multicast
	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.


As the discussion above, UE will consider the NDI to have been toggled regardless of the value of the NDI if a same HPN is used for unicast new transmission and then multicast new transmission, but how UE to differentiate the DL grant which is scheduled by DCI format with C-RNTI is for unicast new transmission or PTP retransmission for multicast. In addition, there was a discussion about incorrect soft combination if UE miss the GC-PDCCH in RAN1#105-e meeting. For example, for a given HARQ process number, it is first used as unicast transmission with NDI=1, and then used as PTM multicast initial transmission with NDI=1, but UE miss detects the group-common PDCCH. Due to not receive ACK information, gNB will use PTP retransmission for multicast service with ND1=1 but cases UE incorrectly soft combine the first unicast service data and second multicast service data. To solve these two issues, one DCI field in DCI format 1_0/1_1 with C-RNTI can be used to indicate UE whether the current HPN is used for unicast or multicast retransmission.
[bookmark: _Hlk70498208]Proposal 16. Support using a DCI field in DCI format 1_0/1_1 with C-RNTI to differentiate the HPN is used for unicast transmission or for multicast PTP retransmission.
2.4 SPS
[bookmark: _Hlk63418960]2.4.1 Reliability of the group-common PDCCH activation
	Agreement:
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



There are three alternatives about the reliability of the group-common PDCCH activation of SPS group-common PDSCH.
· Regarding Alt 1, some UEs may receive the group-common activation PDCCH more than once, which is not necessary and the new PDCCH detection behaviour may need to be defined, e.g., UE can ignore the second group-common activation PDCCH. 
· Regarding Alt 2, Because ACK/NACK based HARQ feedback has been supported for PTM transmission scheme 1, gNB can find some UE(s) miss detect the activation group-common PDCCH if a sequence of NACK is reported, and then UE-specific PDCCH can be used as activation PDCCH to re-active these UEs again without causing other UEs’ ambiguity.
· Regarding Alt 3, more spec efforts are needed to define a new MAC-CE in RAN2, which should be avoid in limited remaining Rel-17 time.
Therefore, we think Alt 2: retransmit the activation command via UE-specific PDCCH can be supported to handle the reliability issue of the group-common PDCCH activation of SPS group-common PDSCH.
Proposal 17. For reliability of the group-common PDCCH activation of SPS group-common PDSCH, support retransmitting the activation command via UE-specific PDCCH.
2.4.2 Retransmission scheme
	Agreement:
The retransmission scheme for a given SPS group-common PDSCH can be either PTM scheme 1 or PTP.
· FFS: Whether PTM scheme 1 retransmission and PTP retransmission can be used simultaneously for different UEs in the same MBS group


The same FFS as dynamic scheduling, as the discussion in section 2.3.1, we think PTM scheme 1 retransmission and PTP retransmission can be used simultaneously for different UEs in the same MBS group for dynamic multicast scheduling. Similar to it, PTM scheme 1 retransmission and PTP retransmission can be used simultaneously for different UEs for SPS transmission.
[bookmark: _Hlk65693740]Proposal 18. PTM transmission scheme 1 and PTP can be used as retransmission for SPS group-common PDSCH.
3. Broadcast service group scheduling mechanism
In this section, the broadcast service group scheduling mechanism for RRC_CONNECTED UEs are discussed. 
3.1 CFR
As the agreements in RAN1#104-e meeting, same group-common PDCCH/PDSCH can be received by RRC_IDLE/INACTIVE UEs and RRC_CONNECTED UEs in the following condition, but the case of UE-specific active BWP of RRC_CONNECTED UE does not totally contain the common frequency resource of RRC_IDLE/INACTIVE UEs is in FFS.
	Agreement:
For broadcast reception, the same group-common PDCCH and the corresponding scheduled group-common PDSCH can be received by both RRC_IDLE/RRC_INACTIVE UEs and RRC_CONNECTED UEs when UE-specific active BWP of RRC_CONNECTED UE contains the common frequency resource of RRC_IDLE/INACTIVE UEs and the SCS and CP are the same.
· FFS: the case when UE-specific active BWP of RRC_CONNECTED UE does not contain the common frequency resource of RRC_IDLE/INACTIVE UEs.



Case 1: UE-specific active BWP of RRC_CONNECTED UE contains the common frequency resource of RRC_IDLE/INACTIVE UEs and the SCS and CP are the same
When RRC_CONNECTED UEs and RRC_IDLE/INACTIVE UEs receive the same group-common PDCCH and the corresponding scheduled group-common PDSCH, the CFR used for RRC_IDLE/INACTIVE UEs receiving broadcast service can be re-used for RRC_CONNECTED UEs. But considering the UE-specific BWP may be much larger than initial DL BWP or the CFR configure for RRC_IDLE/INACTIVE UEs, the CFR used for multicast service reception can be different from the CFR used for broadcast service reception to meet the data rate requirement of multicast service. 
Proposal 19. For RRC_CONNECTED UEs, the same CFR with RRC_IDLE/INACTIVE UEs is used for broadcast reception when the same group-common PDCCH and the corresponding scheduled group-common PDSCH are received by both RRC_IDLE/RRC_INACTIVE UEs and RRC_CONNECTED UEs, but can be different from the CFR used for multicast reception. 
Case 2: UE-specific active BWP of RRC_CONNECTED UE does not contain the common frequency resource of RRC_IDLE/INACTIVE UEs
In this case, there may be several solutions for UE receive broadcast service with the following analysis.
The first solution is that UE always switches to the CFR configured for RRC_IDLE/INACTIVE UEs to receive broadcast service, but this will cause the BWP switching and service delay. In addition, the BWP switching signalling will introduce large useless PDCCH overhead, gNB will send the BWP switching signalling each time between the transaction of multicast/unicast service and broadcast service.  
In order to avoid the switching delay, the second solution is that UE receives broadcast service in its own UE-specific BWP, which the transmission scheme can be PTP or PTM. For PTM transmission scheme, the CFR used for broadcast reception is different from the CFR for RRC_IDLE/INACTIVE UEs naturally, but can be the same with the CFR used for multicast reception. That is the same CFR is used both for multicast reception and broadcast reception to reduce the complexity of physical layer procedure, because the biggest difference between broadcast and multicast is the grouping procedure in higher layer which is transparent to physical layer, and other procedures, e.g., PDCCH and PDSCH reception are the same. In addition, there is also no motivation to configure two CFRs for RRC_CONNECTED UEs, one reason is that the DCI size alignment and small bandwidth CORESET as analysed in section 2.1.2.
[bookmark: _Hlk66125675]Proposal 20. For RRC_CONNECTED UEs, the group-common PDCCH and the corresponding scheduled group-common PDSCH for broadcast reception are transmitted in UE-specific active BWP, which can be different from the group-common PDCCH/PDSCH received by RRC_IDLE/RRC_INACTIVE UEs when UE-specific active BWP of RRC_CONNECTED UE does not totally contain the common frequency resource of RRC_IDLE/INACTIVE UEs.
Proposal 21. For RRC_CONNECTED UEs, the same CFR is used for broadcast reception and multicast reception, when UE-specific active BWP of RRC_CONNECTED UE does not totally contain the common frequency resource of RRC_IDLE/INACTIVE UEs.
3.2 PDCCH
As the discussion in our company’s contribution [5], we think the new Type-x CSS should be used for MTCH of broadcast service and there are several reasons as the following. 
The first is that RRC_CONNECTED UEs can both receive broadcast service and multicast service, and it is no sense to define different CSS types and different PDCCH monitoring priority rules between broadcast and multicast. 
The second is that new Type-x CSS for MTCH can reduce unnecessary BD/CCE counting for RRC_CONNECTED UEs. For RRC_CONNECTED UEs, all configured CSS PDCCHs are counted into the monitored BD/CCEs and the left BD/CCEs capability are used for USS in Rel-15/16. However, it’s up to UE’s implementation to receive Rel-17 broadcast services or not, that is UE may not receive some configured broadcast service MTCH GC-PDCCHs. If current CSS type is reused for broadcast MTCH GC-PDCCH and the same PDCCH overbooking rule is reused for RRC_CONNECTED UEs, these non-received broadcast MTCH GC-PDCCHs will also be counted into monitored BD/CCEs, which causing the reduction of USS scheduling opportunity. If we take new Type-x CSS for MTCH, the monitoring priority is according to the search space index and the non-monitored broadcast MTCH GC-PDCCHs are not counted into the monitored BD/CCEs for RRC_CONNECTED UEs in order to not decrease USS scheduling opportunity.
Proposal 22. For RRC_CONNECTED UEs, only the group-common PDCCHs belong to broadcast service reported in MBS Interest Indication procedure are counted in the monitored CSS PDCCH candidates [image: ]and non-overlapping CCEs [image: ] in a slot or span.
4. Simultaneous operation with unicast reception
In this section, we will discuss whether to support Case 4 and Case. One of the most critical spec impacts about Case 4 and Case 5 is the Type-1 HARQ-ACK codebook construction. 
· For Case 4, it is a combination of TDM and FDM. We think the Type-1 HARQ-ACK codebook construction may need huge standardization work, e.g., whether/how to define the SLIV group. 
· For Case 5, a new method is needed to design Type-1 HARQ-ACK codebook, for example, the HARQ-ACK bit locations per slot in the codebook is ordered by the ascending order of G-RNTI values. But one thing needs to be noted is that the number of HARQ-ACK bits of one slot should equal to the number of multicast services UE receiving, but not the number of UE capability of simultaneously received FDM-ed PDSCHs in one slot. Assuming one UE are receiving 3 multicast services, but UE’s capability only support receiving 2 FDM-ed PDSCHs in one slot, the number of HARQ-ACK bits of one slot is 3 but not 2 to solve the DCI miss detection issue. For example, gNB schedules multicast service#1 and #2, but UE miss detects the DCI scheduling multicast service#1, if the HARQ-ACK codebook bitlength is 2, should UE report {NACK, ACK} or {ACK, NACK}? One solution is that the HARQ-ACK codebook bitlength is 3, UE should report {NACK, ACK, NACK} which will not introduce ambiguity between gNB and UE. That is the semi-static codebook design for FDM-ed PDSCHs is much redundant than TDM-ed PDSCHs.
In a summary, more standard effort is needed to discuss design of Type-1 HARQ-ACK codebook for Case 4 and the codebook is much redundant than TDM-ed PDSCHs for Case 5. In addition, Case 1, 2 and 3 can realize UE receiving more than one PDSCHs in one slot, there is no motivation to support Case 4 and Case 5 in Rel-17 with more standard efforts.
Proposal 23. Not support 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 4: FDM between multiple TDMed unicast PDSCHs and multiple TDMed group-common PDSCHs in a slot;
· Case 5: FDM among multiple group-common PDSCHs in a slot.
5. Conclusions
In this contribution, group scheduling mechanisms design in Rel-17 NR MBS are discussed, and the following proposals are made.
Multicast service group scheduling mechanism:
Proposal 1. Don’t support more than one CFR for multicast service per dedicated unicast BWP.
Proposal 2. If no CFR configuration is provided in the active BWP, UE will not receive multicast service through PTM scheme 1.
Proposal 3. If the PDSCH-config/PDCCH-config for MBS is not configured in CFR, the PDSCH-Config/PDCCH-config of the dedicated unicast BWP can be re-used for group-common PDCCH/PDSCH.
Proposal 4. The Type-x CSS of group-common PDCCH for multicast can be monitored both on PCell and SCell.
Proposal 5. One Type-x CSS of group-common PDCCH can associate with multiple G-RNTIs, and each G-RNTI can be configured with specific monitoringSlotPeriodicityAndOffset, duration and monitoringSymbolsWithinSlot.
Proposal 6. If a CFR is configured in a dedicated unicast BWP for multicast in RRC-CONNECTED state,
· the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP can be used for multicast transmission if the CORESET is fully contained in the CFR in frequency domain
· the CORESET configured in PDCCH-config for MBS in the CFR can be used for unicast transmission.
Proposal 7. Option 2 is adopted for FDRA determination of the first DCI format for GC-PDCCH.
Proposal 8. Regarding the first DCI format for GC-PDCCH, ‘Identifier for DCI formats’ field cannot be removed, but whether should be ignored and reserved, or should be re-purposed can be postponed and up to the HARQ-ACK feedback design in AI 8.12.2. 
Proposal 9. Regarding the second DCI format for GC-PDCCH, 
· The size of the second DCI format for multicast can be configured by RRC signalling for RRC_CONNECTED UEs.
· For each DCI field, the bitlength is depend on RRC configuration if related parameter is configured in CFR, otherwise the upper bound of bitlength is assumed.
· Zero bits are appended to DCI format 1_1 with C-RNTI until the payload size equals to the size of the second DCI format.
Proposal 10. For initializing sequence generator for DMRS of GC-PDSCH scheduled by the second DCI format for multicast received in Type-x CSS, 
· and equals the higher-layer parameters scramblingID0 and scramblingID1, respectively, if it is configured in the DMRS-DownlinkConfig IE in a CFR used for GC-PDSCH;  otherwise.
Proposal 11. For initializing scrambling sequence generator for GC-PDCCH with the second DCI format,  is given by the G-RNTI used for the GC-PDCCH.
Proposal 12. PTM scheme 1 retransmission and PTP retransmission can be used simultaneously for different UEs in the same MBS group.
Proposal 13. PTM scheme 1 retransmission and PTP retransmission are simultaneously for different UEs in the same MBS group, the PUCCH used for retransmission HARQ-ACK is determined by UE-specific PDCCH which for PTP retransmission.
Proposal 14. If a same HPN is used for different DL grants corresponding to new transmissions of different G-RNTIs, UE will consider the NDI in DCI format with G-RNTI to have been toggled regardless of the value of the NDI.
Proposal 15. If a same HPN is used for different DL grants corresponding to unicast new transmission and multicast new transmission, UE will consider the NDI in DCI format with G-RNTI or C-RNTI to have been toggled regardless of the value of the NDI.
Proposal 16. Support using a DCI field in DCI format 1_0/1_1 with C-RNTI to differentiate the HPN is used for unicast transmission or for multicast PTP retransmission.
Proposal 17. For reliability of the group-common PDCCH activation of SPS group-common PDSCH, support retransmitting the activation command via UE-specific PDCCH.
Proposal 18. PTM transmission scheme 1 and PTP can be used as retransmission for SPS group-common PDSCH.
Broadcast service group scheduling mechanism:
Proposal 19. For RRC_CONNECTED UEs, the same CFR with RRC_IDLE/INACTIVE UEs is used for broadcast reception when the same group-common PDCCH and the corresponding scheduled group-common PDSCH are received by both RRC_IDLE/RRC_INACTIVE UEs and RRC_CONNECTED UEs, but can be different from the CFR used for multicast reception. 
Proposal 20. For RRC_CONNECTED UEs, the group-common PDCCH and the corresponding scheduled group-common PDSCH for broadcast reception are transmitted in UE-specific active BWP, which can be different from the group-common PDCCH/PDSCH received by RRC_IDLE/RRC_INACTIVE UEs when UE-specific active BWP of RRC_CONNECTED UE does not totally contain the common frequency resource of RRC_IDLE/INACTIVE UEs.
Proposal 21. For RRC_CONNECTED UEs, the same CFR is used for broadcast reception and multicast reception, when UE-specific active BWP of RRC_CONNECTED UE does not totally contain the common frequency resource of RRC_IDLE/INACTIVE UEs.
Proposal 22. For RRC_CONNECTED UEs, only the group-common PDCCHs belong to broadcast service reported in MBS Interest Indication procedure are counted in the monitored CSS PDCCH candidates [image: ]and non-overlapping CCEs [image: ] in a slot or span.
Simultaneous operation with unicast reception:
Proposal 23. Not support 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 4: FDM between multiple TDMed unicast PDSCHs and multiple TDMed group-common PDSCHs in a slot;
· Case 5: FDM among multiple group-common PDSCHs in a slot.
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