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Introduction
In RAN1#107 e-meeting, the mechanisms to support group scheduling for RRC_CONNECTED UE was extensively discussed. Good progress was achieved and the following agreements were achieved during last meeting:

	Agreement
For multicast of RRC_CONNECTED UEs, the G-CS-RNTI(s) is/are configured per serving cell.

Agreement
For initializing sequence generator for DMRS of GC-PDSCH,  are defined using the same procedure as for unicast PDSCH.
·  given by
-	if the higher-layer parameter dmrs-Downlink in the DMRS-DownlinkConfig IE in the PDSCH-Config-Multicast IE is provided


	where λ is the CDM group defined in clause 7.4.1.1.2 in TS38.211.
-	otherwise by 


· The quantity  is given by the DM-RS sequence initialization field, if present, in the DCI associated with the PDSCH transmission if multicast DCI format 1_1 is used, otherwise .

Agreement
The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by G-RNTI for multicast:
· Frequency domain resource assignment
· Time domain resource assignment – 4 bits as defined in Clause 5.1.2.1 of TS38.214
· VRB-to-PRB mapping – 1 bit according to Table 7.3.1.2.2-5 in TS38.212
· Modulation and coding scheme – 5 bits as defined in Clause 5.1.3 of TS38.214
· New data indicator – 1 bit
· Redundancy version – 2 bits as defined in Table 7.3.1.1.1-2 in TS38.212
· HARQ process number – [4 or 5] bits
· Downlink assignment index – 2 bits as defined in Clause 9.1.3 of TS 38.213, as counter DAI
· PUCCH resource indicator – 3 bits as defined in Clause 9.2.3 of TS38.213
· PDSCH-to-HARQ_feedback timing indicator – 3 bits as defined in Clause 9.2.3 of TS38.213
· Reserved bits –3 bits
· FFS: Some of the fields may be not useful and can be reserved in some conditions, and FFS the details of the conditions
· FFS: other fields, e.g. for HARQ enabling/disabling
Note: Whether new fields are defined for multicast DCI format 1_0 can be discussed separately. The reserved bits can be used for new fields if needed.

Agreement
For the LBRM/TBS determination for PTP retransmission of multicast, Option 2 is supported.
· Option 2: based on the LBRM/TBS determination of the legacy unicast PDSCH transmission
· Note: The UE is not required to soft combine the PTM initial transmission and the PTP retransmission in case of different circular buffer
· FFS: spec impact, if any

Conclusion
For the RRC parameters that can be configured in PDSCH-Config / PDCCH-Config / SPS-Config in Rel-15/16, they can also be configured in PDSCH-Config-Multicast / PDCCH-Config-Multicast / SPS-Config-Multicast.
· If some of these RRC parameters need changes for multicast reception (e.g., modify the default values, delete some useless parameters), RAN1 will list them explicitly in the RRC parameter list that will be sent to RAN2.
· For other RRC parameters that do not need changes for multicast reception, RAN1 will not list them with postfix ‘-Multicast’ one by one in the RRC parameter list that will be sent to RAN2, and the default values of these parameters are the same as the default values of the corresponding parameters in dedicated unicast BWP.

Agreement
PRB bundle and VRB bundle for multicast GC-PDSCH in CFR are defined using the same procedure as for unicast PDSCH scheduled with unicast DCI formats 1_1 in DL BWP as defined in clause 7.3.1.6 in TS38.211. For interleaved mapping of downlink resource allocation type 1,
· the parameter Nbundle  is interpreted as the number of bundles within the CFR,
· the size of the CFR is used instead of the size of the BWP,
· the starting PRB of the CFR is used instead of the starting PRB of the BWP
· the higher-layer parameter vrb-ToPRB-Interleaver in PDSCH-Config-Multicast for multicast, if provided, is used instead of the size of the higher-layer parameter vrb-ToPRB-Interleaver in PDSCH-Config for unicast.

Conclusion
For multicast of RRC-CONNECTED UEs, support CFR associated with UE active BWP, where UE active BWP can be an RRC reconfigured initial DL BWP (using Option#2 for configuring initial BWP according to the Annex B.2 of TS 38.331).

Agreement
Multicast DCI format 1_1 includes all configurable fields of unicast DCI format 1_1 except
· Identifier for DCI formats, TPC command for scheduled PUCCH, SRS request
· FFS: Scell dormancy indication
· One-shot HARQ-ACK request, PDSCH group index, New feedback indicator, Number of requested PDSCH group(s), ChannelAccess-Cpext
· CBGTI, CBGFI
· Minimum applicable scheduling offset indicator
· FFS: Carrier indicator, BWP indicator, ZP CSI-RS trigger
· FFS: MCS/NDI/RV for TB2

Conclusion
If a CFR is configured in a dedicated unicast BWP for multicast in RRC-CONNECTED state, it is up to gNB’s configuration whether to use the CORESET configured in PDCCH-config-Multicast in the CFR for unicast transmission or PTP retransmission of multicast.

Agreement
For MCS determination of SPS GC-PDSCH, mcs-Table of ‘qam64LowSE’ can be optionally configured in the SPS-Config-Multicast.
· If mcs-Table of ‘qam64LowSE’ is not configured in the SPS-Config-Multicast, the mcs-Table of PDSCH-Config-Multicast in the same CFR-Config-Multicast is used for the SPS GC-PDSCH to determine the MCS. 
· If mcs-Table of ‘qam64LowSE’ is configured in the SPS-Config-Multicast, it is used for the SPS GC-PDSCH to determine the MCS.

Agreement
A list of up to 8 k1 values can be configured by higher layer parameter dl-DataToUL-ACK-MulticastDciFormat1_0 to be applied to multicast DCI format 1_0 for RRC_CONNECTED UEs. If the higher layer parameter dl-DataToUL-ACK-MulticastDciFormat1_0 is not provided, k1 list {1, 2, 3, 4, 5, 6, 7, 8} is applied to multicast DCI format 1_0.
· The size of ‘PDSCH-to-HARQ_feedback timing indicator’ field of multicast DCI format 1_0 is fixed at 3 bits.

Agreement
If locationAndBandwidth-Multicast is not configured in a cfr-Config-Multicast, the default value is the locationAndBandwidth of the DL BWP in which the cfr-Config-Multicast is configured.

Agreement
For applicable PDSCH time domain resource allocation for multicast DCI format,
· if pdsch-TimeDomainAllocationList in PDSCH-Config-Multicast is provided, the pdsch-TimeDomainAllocationList in PDSCH-Config-Multicast is applied,
· else if pdsch-TimeDomainAllocationList in PDSCH-Config-Multicast is not provided but pdsch-TimeDomainAllocationList in PDSCH-ConfigCommon is provided, the pdsch-TimeDomainAllocationList in PDSCH-ConfigCommon is applied, 
· else if both pdsch-TimeDomainAllocationList in PDSCH-Config-Multicast and pdsch-TimeDomainAllocationList in PDSCH-ConfigCommon are not provided, Default A table is applied irrespective of the SS/PBCH block and CORESET multiplexing pattern.

[bookmark: _Hlk88313982]Agreement
For multicast in RRC_CONNECTED state, 
· Only SPS-Config-Multicast(s) configured in CFR for multicast can be activated/deactivated by GC-PDCCH with G-CS-RNTI.
· SPS-Config-Multicast(s) configured in CFR for multicast cannot be activated by unicast PDCCH with CS-RNTI, but can be deactivated by unicast PDCCH with CS-RNTI.

Agreement
For multicast of RRC_CONNECTED UEs in Rel-17, 
· DCI format 2_x cannot be configured in the same CSS configuration with multicast DCI formats.

Agreement
For multicast, if a UE is configured with a CFR in the active DL BWP, for timer-based active DL BWP switching to a default BWP, option 1 is supported.
· 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) for multicast on/for the active BWP or when a MAC PDU for is received in a configured downlink assignment for multicast.
· UE does not start or restart BWP-InactivityTimer when it successfully decodes a GC-PDCCH addressed to group-common RNTI (e.g., G-RNTI or G-CS-RNTI) for broadcast.




In this contribution, we provide our views on remaining issues of group scheduling for MBS. 
Discussion
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Remaining issues on DCI format 4_1
In the last meeting, the following agreement on the content of first DCI format was achieved:
	Agreement
The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by G-RNTI for multicast:
· Frequency domain resource assignment
· Time domain resource assignment – 4 bits as defined in Clause 5.1.2.1 of TS38.214
· VRB-to-PRB mapping – 1 bit according to Table 7.3.1.2.2-5 in TS38.212
· Modulation and coding scheme – 5 bits as defined in Clause 5.1.3 of TS38.214
· New data indicator – 1 bit
· Redundancy version – 2 bits as defined in Table 7.3.1.1.1-2 in TS38.212
· HARQ process number – [4 or 5] bits
· Downlink assignment index – 2 bits as defined in Clause 9.1.3 of TS 38.213, as counter DAI
· PUCCH resource indicator – 3 bits as defined in Clause 9.2.3 of TS38.213
· PDSCH-to-HARQ_feedback timing indicator – 3 bits as defined in Clause 9.2.3 of TS38.213
· Reserved bits –3 bits
· FFS: Some of the fields may be not useful and can be reserved in some conditions, and FFS the details of the conditions
· FFS: other fields, e.g. for HARQ enabling/disabling
Note: Whether new fields are defined for multicast DCI format 1_0 can be discussed separately. The reserved bits can be used for new fields if needed.



There are three open issues needs to be resolved as below:
· Open issue 1: whether the bit length of HPN is 4 bits or 5 bits. First of all, the motivation of extending HPN to 5 bits is to hard split HARQ processes between unicast and multicast, which is against the previous conclusion that the HARQ process should be shared. [1] Secondly, 4 bits for HPN is already captured in the endorsed CR. [2] Hence we don’t see the necessity of extending HPN to 5 bits.
	RAN1#104 bis
Conclusion:
The maximum number of HARQ processes per cell, currently supported for unicast, is kept unchanged for UE to support multicast reception.
· How to allocate HARQ processes between unicast and multicast is up to gNB.



· Open issue 2: Although DCI format 4_1 is very basic, the functionality of HARQ feedback is optional. If the HARQ feedback is disabled dynamically or semi-statically, the bit fields related to HARQ feedback should be reserved or ignored by the UE when interpret the received DCI.
· Open issue 3: Considering dynamic HARQ enabling/disabling can be configured for DCI format 4_3, it is OK to only supporting semi-static configuration of HARQ enabling/disabling for DCI format 4_2. Especially the current CR is workable and is the straightforward direction with least additional standard efforts.

Proposal 1: If HARQ feedback is disabled, UE ignores the following information fields when interprets DCI format 4_2:
· HARQ process number
· Downlink assignment index
· PUCCH resource indicator
· PDSCH-to-HARQ_feedback timing indicator

Remaining issues on DCI format 4_2
In the last meeting, the following agreement on the content of first DCI format was achieved:
	Agreement
Multicast DCI format 1_1 includes all configurable fields of unicast DCI format 1_1 except
· Identifier for DCI formats, TPC command for scheduled PUCCH, SRS request
· FFS: Scell dormancy indication
· One-shot HARQ-ACK request, PDSCH group index, New feedback indicator, Number of requested PDSCH group(s), ChannelAccess-Cpext
· CBGTI, CBGFI
· Minimum applicable scheduling offset indicator
· FFS: Carrier indicator, BWP indicator, ZP CSI-RS trigger
· FFS: MCS/NDI/RV for TB2



Scell dormancy indication can be carried by both UE-specific DCI (i.e. DCI format 1_1) and group common DCI (i.e. DCI format 2_6). SCell dormancy is supported in a UE-specific manner or in a group common manner pretty well currently. Especially considering DCI format 4_2 is a MBS-specific DCI, we don’t see the motivation of including SCell dormancy indication in DCI format 4_2.

For BWP indicator, we see the case that UEs belonging to the same MBS group switch BWP simultaneously, instead of switching BWP in UE-dedicated manner.  Considering the late stage and the situation in the last RAN1 meeting, we can accept to remove BWP indicator in DCI format 4_2.

For activation/deactivation of semi-persistent ZP CSI-RS resource set, the main concern comes from the time offset related to UEs belonging to the same group is different. From our understanding, the timeline for semi-persistent ZP CSI RS transmission can be fully controlled by network. For example, network configures same periodicity and offset for ZP CSI-RS resource and trigger it in the same slot. Correspondingly, the semi-persistent ZP CSI RS could be transmitted and received in the same slot. 

It should be noted that the endorsed CR has provided a list of information fields for DCI format 4_2, which is sufficient for the functionality of MBS. [2] Hence we have the following observation:

Observation 1: The information bit fields captured in the current DCI format 4_2 is sufficient for MBS traffic.

Remaining issues on multicast PDCCH

It was agreed that the current 3+1 DCI budget is maintained. However, how to count the DCI with a CRC scrambled with G-RNTI is still FFS. The criteria of splitting the four DCI sizes into 3+1 is to put all the DCIs related to unicast data scheduling into a group and the others into another group.  For the DCI scrambled by G-RNTI, it is used for group common PDSCH scheduling. Different from the cell-specific PDSCH, the scheduling of multicast PDSCH is more flexible, e.g. the related parameters are configured by gNB in terms of UE-specific signalling. From this perspective, it is reasonable to count the G-RNTI as ‘C-RNTI’.  Furthermore, the payload size of a DCI scheduling MBS traffic is typically different from that of the other DCIs, e.g. the DCI format 2-x family. If G-RNTI is counted as other RNTI, alignment is needed among different DCIs. It should be noted in the current specification the DCI format 2-x family has to be configured or padding to the same payload size as that of fallback DCI scrambled with SI-RNTI/P-RNTI/RA-RNTI. Considering the non-fallback DCI, i.e. DCI format 4_2 could be used for MBS scheduling, the payload size of DCI used for group scheduling would be much larger than that of fallback DCI formats. Accordingly, the performance of broadcast DCI, e.g. DCI scrambled with SI-RNTI, and DCI format 2-x family would be certainly jeopardized as they have to be padded to a much larger size than it is needed. Last but not least, the standard effort on alignment among DCIs in the ‘other RNTI’ group would be unexpected.

Proposal 2:  G-RNTI is counted as C-RNTI despite of DCI formats.

Another issue is how to determine the payload size of the second DCI format. Currently, two options are on the table:
· Option 1: Up to gNB’s implementation, i.e. derive the payload size of second DCI format from the information bit field configuration.
· Option 2: Introduce a RRC signalling to explicitly configure the payload size of second DCI format, similar as the mechanism of determining payload size for DCI format 2-x family.
Option 1 is actually the same way of determining payload size for DCI format 1_1 and DCI format 1_2. It is the most straightforward mechanism with no additional standard efforts. However, UE may need to truncate or add padding bits to the other DCI formats in order to align the payload size with the second DCI format once the DCI budget is broken.
The key point of option 2 is to configure a payload size explicitly. In order to make sure there is no need to truncate DCI format 1_1 and DCI format 1_2 in order to avoid information loss, gNB configures a payload size equals to the one which is largest among all the UEs. Consequently, UE needs to align the second DCI via padding bits. The performance of DCI format 1_1 and DCI format 1_2 will be jeopardized. Furthermore, the CCE consumption goes up which reduce the PDCCH capacity. On the other hand, gNB needs to transmit the second DCI format with a larger payload size than necessary. 
Considering gNB has full power to control the payload size of non-fallback DCI via configuration, we slightly prefer option 1. However, considering the situation during the past several meetings, we are also OK with option 2 for sake of progress.




Despite of which direction is adopted in the end, the 3+1 budget has to be guaranteed. When a UE is configured with DCI format 3_0 or DCI format 3_1, the following procedure is specified in order to respect the 3+1 DCI budget:
· Step1: Execute the DCI alignment operation among DCI format 0_0, DCI format 0_1, DCI format 0_2, DCI format 1_0, DCI format 1_1 and DCI format 1_2.
· Step2: If the total number of different DCI size is larger than 4, padding DCI format 3_0 or DCI format 3_1 until its payload equals a DCI format with the smallest payload size larger than that of DCI format 3_0 or DCI format 3_1.

Regarding to the DCI alignment operation for DCI format 4_2, the similar mechanism as sidelink DCI can be applied:
· Step1: Execute the DCI alignment operation among DCI format 0_0, DCI format 0_1, DCI format 0_2, DCI format 1_0, DCI format 1_1 and DCI format 1_2.
· Step2: If the total number of different DCI size associated with C-RNTI is larger than 3, padding or truncating DCI format 4_2 until its payload equals that of DCI format 1_0 in CSS.
The motivation of step 2 is that the DCI format 1_0 in CSS is the one common to all UEs.

Proposal 3: If the number of DCI size for DCI format 4_2 and other DCI format with C-RNTI is larger than 3 after DCI alignment, padding or truncating DCI format 4_2 until its payload size equals that of DCI format 1_0 in CSS.

Currently, the number of DCI scheduling unicast DL data in a slot or monitoring occasion UE can monitor depends on the UE capability, e.g. FG3-1 and FG 3-5b respectively.  For the broadcast DCI scheduling system information/paging/RAR, there is no restriction for reception. MBS DCI is different from both unicast DCI and broadcast DCI which is used to schedule a group of UE and multiple MBS DCI with different G-RNTI is needed. One example is shown in Figure 2 assuming there are three MBS traffic with different periodicity. In this example, FG3-1 and FDD is assumed. It can be observed that UE has to process four DCIs in a MO for the worst case, i.e. 1 unicast UL DCI, 1 unicast DL DCI, 1 MBS DCI for service#1 and 1 MBS DCI for service#3. In this specific example, it already significantly increases UE complexity, let alone more than 3 MBS services may be needed. 
It should be noted that the maximum number of processing DCI in a time unit and the PDCCH monitoring capability are parallel components in the current UE feature group. In order to better illustrate the issue, we abstract component 4), component 5) and component 6) in the current UE feature group 3-1 as below. Although it is concluded that the maximum number of BD is unchanged with taking MBS PDCCH into account, how to process the MBS DCI within a slot is still open and need further discussion.
	4) Number of PDCCH blind decodes per slot with a given SCS follows Case 1-1 table
5) Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot per scheduled CC for FDD
6) Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot per scheduled CC for TDD





Figure 1: Illustration on the number of processing DCIs within a time unit

Proposal 4: A UE determines the number of DL DCI it can process in a slot or span via the following mechanism:
· Option 1: Following the current feature group 3-1/3-5a/3-5b, i.e. MBS DCI is treated as unicast DCI.
· Option 2: Define a new UE capability which indicates the number of MBS DCI a UE can process in a time unit.


Remaining issues on HARQ process management

In RAN1#103 e-meeting, three possible transmission schemes for MBS were identified, i.e. PTP transmission scheme, PTM transmission scheme 1 and PTM transmission scheme 2. There is still no consensus on PTM transmission scheme 2. The basic idea of PTM transmission scheme 2 is to use multiple UE-specific DCIs to schedule the same group common PDSCH. The first motivation of PTM scheme 2 is to use separate DCI for different UEs to schedule the MBS PDSCH so that the PDCCH transmission can carter to the channel condition for each UE. The second motivation of PTM scheme 2 is to use individual DCI to indicate UE-specific resources for HARQ-ACK. However, the PDCCH overhead would be much larger than that of PTM transmission scheme 1 as the DCI is redundantly transmitted. On the other hand, the performance of PDCCH transmission under the umbrella of PTM transmission scheme 1 can also be guaranteed via adopting a conservative strategy to deliver group scheduling DCI. For PUCCH resources, it is agreed that up to gNB implementation to guarantee orthogonal PUCCH resources among UEs in the same group.

 Proposal 5:  Do not support PTM transmission scheme 2.

It was agreed that the retransmission of PTM transmission scheme 1 can be PTM transmission scheme 1 or PTP transmission scheme. However, views on whether to support PTM transmission scheme 1 retransmission and PTP transmission scheme simultaneously for different UEs in the same group are still divergent. Generally speaking, PTP retransmission is used if small partition of UEs in the same group feedback NACK for multicast PDSCH. More accurate scheduling can be achieved for MBS PDSCH. In this case, retransmission with PTM transmission scheme 1 is redundant. On the other hand, if network decides to re-transmit the failed MBS transmission with PTM transmission scheme 1, it should guarantee the MBS PDSCH is robust for all the UEs in the group. Again the additional PTP-based retransmission is unnecessary.

Proposal 6:  Do not support PTM scheme 1 based retransmission and PTP scheme based retransmission simultaneously for dynamic MBS transmission in the same MBS group.

In the last meeting, it was agreed to further study whether/how to differentiate the HARQ process ID used for PTP (re)transmission for unicast and PTP retransmission for multicast. Actually in RAN1#104 e-meeting, we made the following agreement:
	Agreement:
The same HARQ process ID and NDI are used for PTM scheme 1 (re)transmissions and PTP retransmissions of the same TB.



For a PTP retransmission, the HARQ process ID should be same as that of PTM scheme 1 initial transmission. As the HARQ process is still on going for the PTM scheme1 transmission, the HARQ process ID should not be used for another HARQ process. In the other words, PTP (re)transmission for unicast should be allocated with different HARQ ID. 

Observation 2: There is no issue on differentiating the HARQ process ID used for PTP (re)transmission for unicast and PTP retransmission for multicast.


Remaining issues on MBS SPS configuration
In RAN1#107 e-meeting, the following agreement was achieved:
	Agreement
For multicast in RRC_CONNECTED state, 
· Only SPS-Config-Multicast(s) configured in CFR for multicast can be activated/deactivated by GC-PDCCH with G-CS-RNTI.
· SPS-Config-Multicast(s) configured in CFR for multicast cannot be activated by unicast PDCCH with CS-RNTI, but can be deactivated by unicast PDCCH with CS-RNTI.



The basic idea is that a MBS SPS can only be activated by GC-PDCCH with G-CS-RNTI while can be deactivated by unicast PDCCH with CS-RNTI.  There is no issue if the SPS transmission is deactivated via a de-activation DCI scrambled via the same GS-RNTI as UE surely can be clear on the to-be-deactivated SPS transmission is a MBS SPS. On the other hand, considering the CS-RNTI is also applied to a UE-specific SPS deactivation, it is ambiguous on whether the deactivation aims at group common SPS PDSCH or UE-specific SPS PDSCH. Assuming a UE supports MBS, network configures both unicast SPS and MBS SPS for this UE.  An example on how gNB deactivates SPS transmission is shown in figure 2.


Figure 2: Ambiguity on MBS SPS deactivation and unicast SPS deactivation

As shown in Figure 2, UE cannot differentiate the target SPS configuration when it receives a deactivation DCI associated with CS-RNTI in a USS following the current mechanism defined in TS38.213.  Hence we need to identify solutions to resolve such kind of ambiguity issue.  One of the following mechanisms can be used to avoid the ambiguity when a UE-specific DCI associated with CS-RNTI is employed to deactivate MBS SPS and unicast SPS:
· Option 1: Use 1 bit in the de-activation DCI scrambled with CS-RNTI to indicate whether the target SPS is MBS SPS or not.
· Option 2: Use HPN value {8-15} in the de-activation DCI scrambled with CS-RNTI to indicate whether the target SPS is unicast SPS or MBS SPS. 
The basic idea is that up to 8 unicast SPS configurations can be configured for a UE. In the other words, HPN values 0-7 are sufficient to cover all the unicast SPS configuration index. Hence there is no impacts on the unicast SPS configuration if we use HPN value 8-15 to indicate the target MBS SPS configuration. 

The validation information bit fields of DCI formats used for SPS de-activation are shown in the following tables. It can be observed there are plenty of reserved information bit fields in the de-activation DCI. Hence option 1 is a simple and unified solution to resolve ambiguity issue between unicast SPS and multicast SPS.
Table 10.2-2: Special fields for single DL SPS or single UL grant Type 2 scheduling release PDCCH validation when a UE is provided a single SPS PDSCH or UL grant Type 2 configuration in the active DL/UL BWP of the scheduled cell
	
	DCI format 0_0/0_1/0_2 
	DCI format 1_0/1_1/1_2

	HARQ process number
	set to all '0's
	set to all '0's

	Redundancy version
	set to all '0's
	set to all '0's

	Modulation and coding scheme
	set to all '1's
	set to all '1's

	Frequency domain resource assignment
	set to all '0's for FDRA Type 2 with 

set to all '1's, otherwise
	set to all '0's for FDRA Type 0 or for dynamicSwitch

set to all '1's for FDRA Type 1


Table 10.2-4: Special fields for a single or multiple DL SPS and UL grant Type 2 scheduling release PDCCH validation when a UE is provided multiple DL SPS or UL grant Type 2 configurations in the active DL/UL BWP of the scheduled cell
	
	DCI format 0_0/0_1/0_2 
	DCI format 1_0/1_1/1_2

	Redundancy version
	set to all '0's
	set to all '0's

	Modulation and coding scheme
	set to all '1's
	set to all '1's

	Frequency domain resource assignment
	set to all '0's for FDRA Type 2 with 

set to all '1's, otherwise
	set to all '0's for FDRA Type 0 or for dynamicSwitch

set to all '1's for FDRA Type 1



Option 2 can totally reuse the current information bit fields in the current specification.  We need further specify the relation between HPN value and the MBS SPS index. For example, HPN value 8 relates to MBS SPS index#0, HPN value 9 relates to MBS SPS index#1, etc. It can be fully handled in RAN1 and don’t need any additional work in the other work group. However, it cannot cover the case wherein HPN is used as the validation field.

Proposal 7:  When a UE is configured with both unicast SPS and MBS SPS, the following mechanisms can be considered to differentiate the unicast PDCCH with CS-RNTI is used to deactivate MBS SPS or unicast SPS:
· Option 1: Use 1 bit in the de-activation DCI scrambled with CS-RNTI to indicate whether the target SPS is MBS SPS or not.
· Option 2: Use HPN value {8-15} in the de-activation DCI scrambled with CS-RNTI to indicate the target MBS SPS index.

In RAN1#106 e-meeting, it was agreed that one G-CS-RNTI is associated with the SPS-config if a SPS-config for MBS is configured in CFR. However, it is still open whether multiple G-CS-RNTIs associated with one SPS-config can be supported or not. There have been plenty of RNTIs defined in the current specification, e.g. C-RNTI, CS-RNTI, MCS-C-RNTI, G-RNTI, GS-RNTI, etc. Assigning multiple RNTI values for the same functionality will further consuming the finite RNTI values. It will impact not only the Rel-17 UEs but also the Rel-15/16 UEs considering the co-existence scenarios. From this perspective, any intention to allocate redundant RNTI values for the same purpose should be fully verified. However, we don’t see the motivation of supporting multiple G-CS-RNTIs associated with one SPS-config. Furthermore, it was already agreed that multiple SPS configuration can be configured for MBS for RRC_CONNECTED UE supporting MBS which is captured in the following agreement achieved in RAN1#104bis e-meeting:
	Agreement: 
For RRC_CONNECTED UE supporting MBS, support up to 8 configured SPS configurations in a BWP of a serving cell for unicast and MBS in total. 
· It is up to gNB implementation to configure the SPS configuration indexes for unicast and MBS, respectively.




With the above agreement, the reasoning of supporting multiple G-CS-RNTIs associated with one SPS-config is even more questionable as the flexibility of MBS SPS transmission can be perfectly supported. Last but not least, the calculation of HPN for SPS PDSCH may be carefully investigated if multiple G-CS-RNTIs associated with one SPS-config is supported. Considering the late stage and there are still many essential issues on group scheduling, we don’t prefer to open the door for endless discussion on this trivial issue.

Proposal 8: Do not support multiple G-CS-RNTIs associated with one SPS-config.


Similar to dynamic MBS transmission, there is different views on whether to support PTM transmission scheme 2 based retransmission and PTP transmission scheme based transmission simultaneously for SPS MBS transmission in the same MBS group. As aforementioned, we don’t think it is necessary.

Proposal 9:  Do not support PTM scheme 1 based retransmission and PTP scheme based retransmission simultaneously for SPS MBS transmission in the same MBS group.


In the last meeting, the following agreement on configuration of G-RNTI was achieved. However, how to configure G-CS-RNTI is still open. For CS-RNTI, it is configured per serving cell group. It is straightforward to configure G-CS-RNTI per serving cell group as well. However, considering MBS is a new feature and the G-RNTI(s) is/are configured per serving cell already, we slightly prefer to use the same mechanism as G-RNTI when configure G-CS-RNTI.
	Agreement:
For multicast of RRC_CONNECTED UEs, the G-RNTI(s) is/are configured
· Opt.2: per serving cell.
· FFS G-CS-RNTI(s)



Proposal 10: For multicast of RRC_CONNECTED UEs, the G-CS-RNTI(s) is/are configured per serving cell.

Conclusion

In this contribution, we discuss the remaining issues on group scheduling.  Based on the discussion, we have the following observation：

Observation 1: The information bit fields captured in the current DCI format 4_2 is sufficient for MBS traffic.

Observation 2: There is no issue on differentiating the HARQ process ID used for PTP (re)transmission for unicast and PTP retransmission for multicast.

Furthermore, we have the following proposals:

Proposal 1: If HARQ feedback is disabled, UE ignores the following information fields when interprets DCI format 4_2:
· HARQ process number
· Downlink assignment index
· PUCCH resource indicator
· PDSCH-to-HARQ_feedback timing indicator

Proposal 2:  G-RNTI is counted as C-RNTI despite of DCI formats.

Proposal 3: If the number of DCI size for DCI format 4_2 and other DCI format with C-RNTI is larger than 3 after DCI alignment, padding or truncating DCI format 4_2 until its payload size equals that of DCI format 1_0 in CSS.

Proposal 4: A UE determines the number of DL DCI it can process in a slot or span via the following mechanism:
· Option 1: Following the current feature group 3-1/3-5a/3-5b, i.e. MBS DCI is treated as unicast DCI.
· Option 2: Define a new UE capability which indicates the number of MBS DCI a UE can process in a time unit.

Proposal 5:  Do not support PTM transmission scheme 2.

Proposal 6:  Do not support PTM scheme 1 based retransmission and PTP scheme based retransmission simultaneously for dynamic MBS transmission in the same MBS group.

Proposal 7:  When a UE is configured with both unicast SPS and MBS SPS, the following mechanisms can be considered to differentiate the unicast PDCCH with CS-RNTI is used to deactivate MBS SPS or unicast SPS:
· Option 1: Use 1 bit in the de-activation DCI scrambled with CS-RNTI to indicate whether the target SPS is MBS SPS or not.
· Option 2: Use HPN value {8-15} in the de-activation DCI scrambled with CS-RNTI to indicate the target MBS SPS index.

Proposal 8: Do not support multiple G-CS-RNTIs associated with one SPS-config.

Proposal 9:  Do not support PTM scheme 1 based retransmission and PTP scheme based retransmission simultaneously for SPS MBS transmission in the same MBS group.

Proposal 10: For multicast of RRC_CONNECTED UEs, the G-CS-RNTI(s) is/are configured per serving cell.
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