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Introduction
In RAN1#105e meeting, the mechanisms to support group scheduling for RRC_CONNECTED UE was extensively discussed. Good progress was achieved, including CFR definition, SPS operation, search space definition. The following agreements were achieved during last meeting:

	Agreement:
For CSS of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, Alt 2 is supported:
· Alt 2: support a Type-x CSS
· The monitoring priority of Type-x CSS is determined based on the search space set indexes of the Type-x CSS set and USS sets, regardless of which DCI format of group-common PDCCH is configured in the Type-x CSS.
· FFS: Whether the Type-x CSS is a Type-3 CSS

Agreement:
For PTP retransmission of SPS group-common PDSCH, CS-RNTI is used for CRC scrambling of PDCCH with the NDI bit set to 1.
Agreement:
As a baseline, reuse existing fields in DCI format 1_0 with CRC scrambled by C-RNTI for the fields of first DCI format with CRC scrambled with G-RNTI.
· FFS: how to determine the bitlength of FDRA field.
· FFS: Whether ‘Identifier for DCI formats’, ‘TPC command for scheduled PUCCH’ are needed.
· FFS: How to perform DCI size alignment
· FFS: Whether to include new DCI fields
· Note: All of the fields may not be reused and the size of the fields may not be the same

Working assumption:
Option 2B for CFR associated with UE active BWP other than initial BWP is supported at least for multicast of RRC-CONNECTED UEs.
· FFS: CFR associated with initial BWP
· FFS: CFR larger than initial BWP

[bookmark: _Hlk72793804]Agreement:
For multicast of RRC_CONNECTED UEs, further study
· How the LBRM (Limited buffer rate-matching) for GC-PDSCH TBS is determined.
· how the xOverhead for GC-PDSCH TBS determination is configured.
· whether MAC-CE over GC-PDSCH is needed for activation/deactivation of semi-persistent ZP CSI-RS resource set if the semi-persistent ZP CSI-RS resource set is configured in PDSCH-Config in CFR.

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

Agreement:
For Rel-17 MBS UE, the UE maximum number of TDMed PDSCH receptions capability in a slot per CC is kept as for Rel-15/Rel-16, i.e., {2/4/7} based on UE FG5-11/5-11a/5-11b.
· Note:   Group-common PDSCH(s) are counted as unicast PDSCH(s).

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

Working assumption:
The maximum number of CORESETs per BWP is not increased for support of MBS, and the number of CORESETs configured within the CFR is left to gNB implementation.

Agreement:
As a baseline, reuse existing fields in DCI format 1_1 for the fields of the second DCI format with CRC scrambled with G-RNTI.
· FFS: whether ‘Identifier for DCI formats’, ‘TPC command for scheduled PUCCH’, ‘Carrier indicator’ and ‘Bandwidth part indicator’ are needed.
· FFS: How to perform DCI size alignment
· FFS: Whether to include new DCI fields for the second DCI format
· Note: All of the fields may not be reused and the size of the fields may not be the same

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.



In this contribution, we provide our views on remaining issues of group scheduling for MBS. 
Discussion
Remaining issues on CFR
The definition of CFR has been extensively discussed during last several meetings on which a comprehensive understanding is achieved among companies. After a heated discussion, the following working assuming was made in RAN1#105e meeting.
	Working assumption:
Option 2B for CFR associated with UE active BWP other than initial BWP is supported at least for multicast of RRC-CONNECTED UEs.
· FFS: CFR associated with initial BWP
· FFS: CFR larger than initial BWP



Compared to option 2A, it is well-known that option 2B can get rid of BWP switching issue. From technical point of view, option 2B is sufficient to support the functionality of multicast traffic. The flexibility is not an issue either considering it is configured per UE which is quite similar as the configuration of BWP. As mentioned in the main bullet, with respected to the scope of AI 8.12.1 as well, there is nothing about initial DL BWP. CFR is configured via RRC signaling and gNB has full power to determine a suitable bandwidth for it depending on the realistic traffic status. The CFR configuration should be totally separate from initial DL BWP.

Proposal 1: Confirm the following working assumption with the following updates:
	Working assumption:
Option 2B for CFR associated with UE active BWP other than initial BWP is supported at least for multicast of RRC-CONNECTED UEs.
· FFS: CFR associated with initial BWP
· FFS: CFR larger than initial BWP



As CFR occupies continuous frequency resources confined within a dedicated unicast BWP, it needs to clarify how to determine the reference point considering the UE-specific BWP configuration would be diverse across UEs in the same group. There are two candidates for determining the starting PRB of CFR: [1]

· Option 1: the starting PRB of CFR is referenced to point A
· Option 2: the starting PRB of CFR is referenced to the starting PRB of the dedicated unicast BWP

From technical point of view, either option is workable. However, option 1 is much more align with the configuration procedure of BWP, i.e. point A is taken as the reference when configure the frequency resources occupied by a BWP. On the other hand, network has to contribute additional effort if option 2 is adopted, as it has to considering the configuration per BWP. For simplicity, we prefer option 1 when determining the starting PRB of CFR.

Proposal 2: The starting PRB of CFR should be referenced to point A.

Given CFR is optional, it was discussed that whether it is possible transmitting MBS traffic on a dedicated BWP without CFR. From our point of view, it is totally gNB’s decision whether to configure a CFR for UEs belonging to the same MBS group. If we look into this issue from the angle of transmission and reception, it would be sufficient for UE if the same understanding on PDCCH monitoring and time-frequency resources related to PDSCH transmission is achieved across UEs. We can be confident to say all the information necessary to a common understanding for PDCCH and PDSCH reception can be provided by the UE-dedicated BWP configuration. To be specific, gNB can aligns all the parameters needed for group common scheduling, e.g. search space configuration, frequency resources, TDRA table, etc. There is no issue from both gNB and UE side to support MBS traffic without CFR configuration. 

[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Proposal 3: Multicast can be supported in a dedicated unicast BWP when no CFR is configured for that BWP.

For multicast of RRC_CONNECTED UEs, the following aspects were discussed in the last meeting:

· How the LBRM (Limited buffer rate-matching) for GC-PDSCH TBS is determined.
· How the xOverhead for GC-PDSCH TBS determination is configured.
· Whether MAC-CE over GC-PDSCH is needed for activation/deactivation of semi-persistent ZP CSI-RS resource set if the semi-persistent ZP CSI-RS resource set is configured in PDSCH-Config in CFR.

For NR DL transmission, only LBRM can be applied and the frequency resources occupied by the active BWP is used to determine the buffer size. The buffer size for each CB, denoted as , can be expressed by the equation below, wherein N is the coded bits, TBSLBRM is the maximum TBS, RLBRM is a constant code rate which equals to 2/3 and C is the number of code blocks. The only variable in the equation is TBSLBRM which is determined by the number of RBs occupied by the BWP, the maximum number of MIMO layers and the maximum modulation order.   

Currently, the TBSLBRM is determined by the size of UE-specific BWP. Considering a CFR is introduced for a group of UE, there is a voice to determine the maximum TBS according to CFR. It should be noted that CFR has to be configured within UE-dedicated BWP, which means CFR surely smaller than UE-dedicated BWP. If the current mechanism is respected, maybe a larger buffer would be reserved for MBS data. There is no harm for multicast. On the other hand, it would introduce more complexity at UE side if CFR is also taken into account.

Proposal 4: BWP should be used to determine the LBRM for GC-PDSCH TBS.

xOverhead is actually used to determine the overhead within a PRB. gNB configures the higher layer parameter xOverhead in PDSCH-ServingCellConfig. In the other word, the parameter xOverhead would be applied to each UE when calculating the TBS. CFR is confined within a BWP, there is no motivation to configure an additional xOverhead for TBS calculation purpose.

Proposal 5: The xOverhead configured per BWP should be reused for GC-PDSCH TBS determination.

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 ZP CSI RS could be transmitted and received in the same slot. 

Proposal 6: The current mechanism for semi-persistent ZP CSI RS is reused, i.e. do NOT introduce common trigger signalling for ZP CSI-RS within CFR.

Remaining issues on multicast PDCCH

In RAN1#105e meeting, it was agreed that a new type of CSS is defined for multicast traffic. The key difference from the current type 3 PDCCH CSS is UE should equally treat the new type-x CSS and USS when overbooking happens. There is still an open issue that whether the type-x CSS is a type 3 CSS.  

Considering the type-x CSS is already clearly defined as below, it is surely different from type 3 PDCCH CSS. It is pointless to further discuss whether the type-x CSS is a type 3 CSS or not.
	The monitoring priority of Type-x CSS is determined based on the search space set indexes of the Type-x CSS set and USS sets, regardless of which DCI format of group-common PDCCH is configured in the Type-x CSS.



Proposal 7: Type-x CSS should not be a type 3 CSS.

With regard to the maximum number of CORESETs per BWP, it was heatedly discussed during RAN1#105 e-meeting. A working assumption on not increase the maximum number of CORESET per BWP for supporting MBS was achieved. The main concern on confirming the working assumption is that the current number of CORESET may be not sufficient for supporting the various requirements on PDCCH transmission, e.g. BFR, CORESET#0, MBS traffic and unicast traffic.  Correspondingly, several companies think the maximum number of CORESET per BWP should be increased.  From network point of view, it can configure a BWP for MBS transmission which doesn’t contain CORESET#0. Hence CORESET#0 should not be an issue. For BFR-CORESET, it is optionally configured and typically used in FR2. Regarding the beam direction for MBS and unicast transmission, the same CORESET is sufficient for both. Despite of MBS-PDCCH or unicast-PDCCH, it has to be successfully received by the same UE. If UE can successfully receive the MBS-PDCCH in CORESET #n, it definitely can receive the unicast PDCCH in the same CORESET. Based on the aforementioned analyses, the current CORESET configuration is sufficient and the working assumption should be confirmed.

Proposal 8: Confirm the following working assumption:
	Working assumption:
The maximum number of CORESETs per BWP is not increased for support of MBS, and the number of CORESETs configured within the CFR is left to gNB implementation.



In RAN1#104 e-meeting, the following agreement on how to handle PDCCH was achieved:
	Agreement:
If a CFR is configured for multicast in RRC-CONNECTED state and confined within a dedicated unicast BWP, further study the following options.
· 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.



First of all, CORESET is used to define the frequency-time domain resources for PDCCH mapping. There is no difference from RE-mapping perspective for both UE-dedicated PDCCH and MBS-specific PDCCH. Secondly, no matter the CORESET is configured by PDCCH-config for UE-dedicated BWP or by PDCCH-config for CFR, it can always be realized by the UE. There is no issue for network or UE to transmit/receive PDCCH on the CORESET.

Proposal 9: If a CFR is configured for multicast in RRC-CONNECTED state and confined within a dedicated unicast BWP, the following option1 should be adopted:
· 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.

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 1_1 or DCI format 1_2, could be used for MSB 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 padding 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 10:  G-RNTI is counted as C-RNTI despite of DCI formats.

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.

 Proposal 11:  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, the views on whether to support PMT 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 12:  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 reused. In the other words, PTP (re)transmission for unicast should be allocated with different HARQ ID. 

Observation: 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

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

Another issue is whether to support UE-specific PDCCH in addition to group-common PDCCH for deactivation of SPS group-common PDSCH. One motivation to support UE-specific deactivation for SPS group common PDSCH may be more precise control on the SPS release. For example, gNB may want to release partial UEs whilst maintains the left. However, considering gNB has the full power to determine the UE group, it can achieve the precise control at the very beginning. Hence the motivation of supporting UE-specific PDCCH for deactivation is not clear to us. We can only accept it once the use case is validated.

In the last meeting, the reliability for MBS SPS activation is discussed and the following agreement was achieved:
	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



One of the concerns on the above alternatives is that network may not be able to know the activation DCI is missed. The situation is actually quite similar to unicast SPS activation. gNB transmit the activation signalling, gNB can transmit another activation DCI to re-initialize the SPS if no HARA-ACK is received. The only issue is gNB cannot identify whether the activation is received or not once NACK-only based HARQ-ACK is supported for MBS transmission. One possible solution is to abandon NACK-only HARQ-ACK for SPS transmission. Considering the proposed solutions to enhance the reliability for MBS SPS activation, alternative 2 is similar as Rel-15/16 mechanism and can be reused.

Proposal 14: For reliability of the group-common PDCCH activation of SPS group-common PDSCH, retransmit the activation command via UE-specific PDCCH.

Conclusion

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

Observation: 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: Confirm the following working assumption with the following updates:
	Working assumption:
Option 2B for CFR associated with UE active BWP other than initial BWP is supported at least for multicast of RRC-CONNECTED UEs.
· FFS: CFR associated with initial BWP
· FFS: CFR larger than initial BWP



Proposal 2: The starting PRB of CFR should be referenced to point A.

Proposal 3: Multicast can be supported in a dedicated unicast BWP when no CFR is configured for that BWP.

Proposal 4: BWP should be used to determine the LBRM for GC-PDSCH TBS.

Proposal 5: The xOverhead configured per BWP should be reused for GC-PDSCH TBS determination.

Proposal 6: The current mechanism for semi-persistent ZP CSI RS is reused, i.e. do NOT introduce common trigger signalling for ZP CSI-RS within CFR.

Proposal 7: Type-x CSS should not be a type 3 CSS.

Proposal 8: Confirm the following working assumption:
	Working assumption:
The maximum number of CORESETs per BWP is not increased for support of MBS, and the number of CORESETs configured within the CFR is left to gNB implementation.



Proposal 9: If a CFR is configured for multicast in RRC-CONNECTED state and confined within a dedicated unicast BWP, the following option1 should be adopted:
· 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.

Proposal 10:  G-RNTI is counted as C-RNTI despite of DCI formats.

Proposal 11:  Do not support PTM transmission scheme 2.

Proposal 12:  Do not support PTM scheme 1 based retransmission and PTP scheme based retransmission simultaneously for dynamic MBS transmission in the same MBS group.

Proposal 13:  Do not support PTM scheme 1 based retransmission and PTP scheme based retransmission simultaneously for SPS MBS transmission in the same MBS group.
[bookmark: _GoBack]Proposal 14: For reliability of the group-common PDCCH activation of SPS group-common PDSCH, retransmit the activation command via UE-specific PDCCH.
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