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1. [bookmark: _Toc120549591]Introduction
In last RAN1 #104-e and #104b-e meeting, some agreements about group scheduling for multicast and broadcast service were made [1][2]. 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, SPS etc.
2.1 CFR
In last meeting, new agreements were made as the following, and some remaining issues about common frequency resource are discussed.
	Agreement:
The down-selection of Option 2A and Option 2B for CFR for multicast of RRC-CONNECTED UEs will be made before the end of RAN1#105-e.
Agreement:
One CFR is supported per dedicated unicast BWP for multicast of RRC-CONNECTED UEs.
· FFS: Whether more than one CFR is supported per dedicated unicast BWP
· FFS: Whether multicast can be supported or not in a dedicated unicast BWP when no CFR is configured for that BWP


2.1.1 Down-selection of Option 2A and Option 2B
The discussion of down-selection of Option 2A and Option 2B has been discussed for a long time, companies still don’t have common understanding about concrete design of Option 2A. We list some pros and cons about the comparison between Option 2A and Option 2B as the following table 1.
Table 1. Comparison of Option 2A and Option 2B
	
	Option 2A
	Option 2B

	Pros
	· Can fully re-use current BWP-based physical layer parameters configuration framework
	· Without BWP switching interruption time between unicast reception and multicast reception

	Cons
	· Some controversial issues need to be discussed to achieve common understanding among companies, e.g.,
· Whether to have BWP switching interruption time between unicast BWP and MBS BWP
· Whether/how UE supports one unicast BWP and its associated MBS BWP simultaneously
· The total BWP number of one UE, the BWP index of MBS BWP
· May introduce additional RAN4/RAN2 work, e.g.,
· BWP switching interruption time (RAN4)
· MBS BWP configuration/behaviour (RAN2) 
	· Cannot fully re-use current BWP-based physical layer parameters configuration framework



From the comparison table, we can see that there are many controversial issues under Option 2A, e.g., existence of BWP switching interruption time, how to support “two” BWPs simultaneously, BWP number and these issues may also involve RAN4/RAN2’s work. In contrast, there is only RAN1 work under Option 2B and the spec impact is also smaller. Considering the limited time for Rel-17 physical layer work freeze, we prefer to adopt Option 2B to accelerate the discussion progress.
Proposal 1. Support Option 2B for CFR for multicast of RRC-CONNECTED UEs.
2.1.2 CFR configuration
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 2. Don’t support more than one CFR for multicast service per dedicated unicast BWP.
[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, we think that multicast cannot be supported in a dedicated unicast BWP when no CFR is configured for that BWP to simplify the multicast service configuration, that is the multicast service configuration is bundling with the CFR configuration. But there may also be the case that CFR equals to the unicast BWP, we think the configuration of starting PRB and the length of PRBs can be absent to reduce redundant signalling. That is if the frequency domain resource configuration is absent, UE assumes the bandwidth of CFR equals to unicast BWP. 
Proposal 3. Multicast cannot be supported in a dedicated unicast BWP when no CFR is configured for that BWP.
Proposal 4. If the CFR is equal to the unicast BWP, the signalling of starting PRB and the length of PRBs is not needed, which UE assumes the bandwidth of CFR equals to the unicast BWP.
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 case that TDRA table, DMRS configuration, etc, are all not the same for group-common PDSCH and unicast PDSCH or 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 5. If the PDSCH-config/PDCCH-config for MBS is not configured, 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 type
	Agreement:
For CSS of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, down-select from the following alternatives (to be decided in RAN1#105):
· Alt 1: support Type-3 CSS
· The monitoring priority of Type-3 CSS for group-common PDCCH is the same as existing Rel-15/16 CSS, regardless of which DCI format of group-common PDCCH is configured in Type-3 CSS
· Alt 2: support a new Type-x CSS
· The monitoring priority of new Type-x CSS is determined based on the search space set indexes of the new Type-x CSS set and USS sets, regardless of which DCI format of group-common PDCCH is configured in the new Type-x CSS.
· Alt 3: support both Alt 1 and Alt 2


Considering the multicast service can be delivered by PTM transmission scheme or PTP transmission scheme, the PDCCH monitoring priority of CSS for multicast should be the same as existing Rel-15/16 USS and lower than legacy CSS, i.e., determined based on the search space set indexes of search space set(s) for multicast and USS sets. Otherwise, the PDCCH monitoring priorities are different between PTM and PTP for a same service, especially in the case that PTP using as retransmission scheme or dynamic switch between PTP and PTM. Thus, a new type CSS which the PDCCH monitoring priority is determined based on search space set indexes can be supported. 
Proposal 6. For CSS of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, support Alt 2: a new Type-x CSS.
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.
In addition, considering the case which CFR 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, for 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 7. Support 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.
In Rel-15/16, the maximum number of CORESETs per BWP is 3 for single-TRP or 5 for multi-TRP. As the WID says the UE complexity should be minimized, we think the mandatary Rel-15/16 limit of maximum number of CORESETs i.e., 3 for single-TRP or 5 for multi-TRP, should be kept for Rel-17 MBS. However, if the number of CORESETs is always limited by 3 or 5, considering the CFR can be smaller than UE dedicated BWP, the resource allocations of CORESET (s) are restricted by CFR frequency region which reduce the CORESET capacity. Therefore, UE can be optionally support additional CORESETs for MBS to increase CORESET capacity.
[bookmark: _Hlk66440030][bookmark: _Hlk66440043]Proposal 8. The mandatary maximum number limit of CORESETs per BWP (i.e., 3 for single-TRP or 5 for multi-TRP) is kept for Rel-17 MBS. Additional CORESETs for MBS can be optionally supported.
2.2.3 DCI format
	Agreement:
For group-common PDCCH of Rel-17 MBS, support at least two DCI formats.
· DCI format 1_0 is used as the baseline for the first DCI format with CRC scrambled with G-RNTI.
· DCI format 1_1 or 1_2 is used as the baseline for the second DCI format with CRC scrambled with G-RNTI
· FFS: Which of DCI format 1_1 or 1_2 is used as the baseline
· FFS: Details of the reuse (or not) of DCI format 1_0, 1_1 or 1_2 fields 


In compassion between DCI format 1_1 and 1_2, we prefer to adopt DCI format 1_2 as the baseline for the second DCI format with CRC scrambled with G-RNTI. The first reason is that the PDCCH detection performance of DCI format 1_2 is much higher than DCI format 1_1. The second reason is that there are few RRC configuration related fields in DCI format 1_2, e.g., DCI format 1_2 doesn’t have CBGTI, CBGFI, SCell dormancy indication, etc, which these fields make no sense in group-common PDSCH scheduling. The third reason is that the DCI size alignment procedure of DCI format 1_2 with G-RNTI may be easier than DCI format 1_1.
[bookmark: _Hlk70086552]Proposal 9. For PTM transmission scheme 1, support DCI format 1_2 to be used as the baseline for the second DCI format with CRC scrambled with G-RNTI.
As the DCI fields, for DCI format 1_0, the current DCI fields when DCI format 1_0 with CRC scrambled by C-RNTI (except PDCCH order random access case) can almost be re-used, the only field needs to be discussed is TPC command for scheduled PUCCH field, because different UEs may need different PUCCH transmission power, there is no way to indicate the same close loop TPC command in group-common PDCCH. Otherwise, we also have DCI format 2_2 to adapt the PUCCH transmission power, therefore, the TPC command for scheduled PUCCH field is not needed in DCI format 1_0 with CRC scrambled by G-RNTI.
Proposal 10. For DCI format 1_0 with CRC scrambled by G-RNTI, the following information is transmitted: 
-  Identifier for DCI formats 
-	Frequency domain resource assignment 
-	Time domain resource assignment
-	VRB-to-PRB mapping
-	Modulation and coding scheme
-	New data indicator
-	Redundancy version
-	HARQ process number
-	Downlink assignment index 
-	PUCCH resource indicator
Based on Rel-16 DCI format 1_2 with C-RNTI, we think at least Bandwidth part indicator, TPC command for scheduled PUCCH fields are not needed for DCI format 1_2 with G-RNTI. The reason of TPC command has been discussed above, as for BWP indicator, because the CFR is always confined with UE specific BWP and different UEs may have different CFR configurations under different UE unicast BWP configurations, it is no sense using group-common PDCCH to switch different UEs’ specific BWPs at meanwhile.
Proposal 11. For DCI format 1_2 with CRC scrambled by G-RNTI, the following information is transmitted: 
-	Identifier for DCI formats
-	Carrier indicator
-	Frequency domain resource assignment
-	Time domain resource assignment
-	VRB-to-PRB mapping
-	PRB bundling size indicator
-	Rate matching indicator
-	ZP CSI-RS trigger
-	Modulation and coding scheme
-	New data indicator
-	Redundancy version
-	HARQ process number
[bookmark: OLE_LINK44][bookmark: OLE_LINK43]-	Downlink assignment index
-	PUCCH resource indicator
-	PDSCH-to-HARQ_feedback timing indicator
-	Antenna port(s)
-	Transmission configuration indication
-	SRS request 
-	DMRS sequence initialization
-	Priority indicator
2.2.4 DCI size budget and alignment
In RAN1#104-e meeting, the following working assumption is made regarding the DCI size budget.
	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.




Keeping the DCI size budget defined in Rel-15/16 will not increase UE’s cost and is beneficial for commercial deployment of NR MBS. Therefore, we think the working assumption can be confirmed.
The next step to discuss is that the DCI size with G-RNTI should be counted in the “3” DCI size budget with C-RNTI, or counted in the “1” DCI size budget of other RNTIs. On one hand, G-RNTI is different from C-RNTI. On the other hand, group-common PDCCH DCI format is also different from other DCI formats with CRC scrambled by other RNTIs, e.g., DCI format 2_x series, since group-common PDCCH is a scheduling DCI format, e.g., DCI format 1_0/1_1/1_2 but DCI format 2_x series will not be used for scheduling PDSCH. If G-RNTI DCI size is counted in maximum “3”, for one UE, the G-RNTI DCI size should be aligned with other UEs in the same MBS group, and C-RNTI DCI size will be aligned with G-RNTI DCI size at meanwhile. If G-RNTI DCI size is counted in “1”, all the other DCI size i.e., DCI format 2_x series and G-RNTI DCI size should be aligned to the maximum DCI size among them. e.g., 140 bits. 
Compared with the two options, considering the group-common PDCCH should re-use the current scheduling DCI formats, at least DCI format 1_0 and DCI format 1_2 as we discussed in section 2.2.3 and minimize the impact on other DCI 2_x series formats and not introduce larger , we prefer the G-RNTI is counted as “C-RNTI”.
Proposal 12. Confirm the working assumption of keep the “3+1” DCI size budget defined in Rel-15 for Rel-17 MBS. 
· The G-RNTI is counted as “C-RNTI”.
For DCI format 1_0 with G-RNTI, one straightforward DCI size alignment method is that the DCI size is equals with DCI format 1_0 with C-RNTI monitored in a common search space which is similar to Rel-15/16 Step 4A, which the FDRA filed of DCI format 1_0 with G-RNTI is according to CORESET0 or initial DL BWP.
Proposal 13. For DCI format 1_0 with G-RNTI, its DCI size equals to DCI format 1_0 with C-RNTI monitored in a common search space.
After completing current Rel-16 DCI size alignment procure, USS DCI format 0_2 and 1_2 has the same DCI size. In order to minimize the spec impact, an additional DCI size alignment step 4D to align G-RNTI and C-RNTI DCI sizes can be added after the step 4C. The step 4D only aligns the DCI size of 0_2/1_2 equals to G-RNTI DCI size, because the G-RNTI DCI size are the same among UEs and cannot be modified. 
As the discussion above, some DCI fields are not needed in DCI format 1_2 with G-RNTI, this may cause for DCI format 1_2, the G-RNTI DCI size is much smaller than C-RNTI DCI size. But the new DCI size alignment procedure 4D only allows to align C-RNTI DCI size equals to G-RNTI DCI size, if DCI bits e.g., FDRA field bits in DCI format 1_2 with C-RNTI are truncated, some scheduling information will be lost. To solve this issue, one simple solution is the G-RNTI DCI format 1_2 size can be configured by gNB which is larger than the original calculation of bitlength of DCI fields according to RRC configurations. For example, gNB can configure the G-RNTI DCI format 1_2 size equals to the maximum C-RNTI DCI format 1_2 sizes among UEs in one MBS group. Therefore, other UEs only need to padding zero bits to the C-RNTI DCI format 1_2s to align with G-RNTI DCI format 1_2 size without scheduling information loss.
Proposal 14. For DCI format 1_2 with G-RNTI, align the DCI size of DCI format 1_2 with C-RNTI equals to the DCI size of DCI format 1_2 with G-RNTI after current steps in Rel-16 DCI size alignment procedure.
· [bookmark: _Hlk67579666]The G-RNTI DCI format 1_2 size can be configured by gNB, which is larger than the original calculation of bitlength of DCI fields according to configurations. 
2.3 Transmission scheme 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 some scenarios, which the PTM scheme 1 retransmission using a wide beam and some PTP transmissions using narrow beams for specific UEs. UE can simultaneously receive two PDCCHs and PDSCHs with the same retransmission TB, and it is up to UE’s implementation to receive one TB or 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 15. PTM scheme 1 retransmission and PTP retransmission can be used simultaneously for different UEs in the same MBS group.
Proposal 16. 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
	Agreement:
The same HARQ process ID and NDI are used for PTM scheme 1 (re)transmissions and PTP retransmissions of the same TB.


We have agreed that the HARQ process split is up to gNB’s implementation which can achieve dynamic sharing between unicast and multicast, some companies proposed the DCI miss detection issue [3] in last meeting which will cause UE’s incorrect soft combining. 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, gNB will use PTP retransmission for multicast service with ND1=1 which cases UE soft combining the first unicast service data and second multicast service data. In this case, one flag in DCI format 1_0/1_2 with C-RNTI can be used to indicate UE whether the current TB/HARQ process number is used for unicast or multicast retransmission.
[bookmark: _Hlk70498208]Proposal 17. Support using a DCI field in DCI format 1_0/1_2 with C-RNTI to differentiate the HARQ process number used for unicast service transmission or for multicast PTP retransmission.
2.4 SPS
[bookmark: _Hlk63418960]2.4.1 Activation/deactivation
	Agreement:
Confirm the working assumption: 
For activation/deactivation of SPS group-common PDSCH for MBS in RRC_CONNECTED state,
· At least group-common PDCCH is supported
· FFS: Whether and how to address the missed activation and deactivation
· FFS: Whether UE-specific PDCCH is supported for activation/deactivation



Regarding the activation/deactivation of SPS group-common PDSCH, we think both group-common PDCCH and UE-specific PDCCH should be used. Considering the number of UEs receiving the same MBS service is larger, gNB can first use group-common PDCCH for activation/deactivation to reduce PDCCH signalling overhead. 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. In addition, HARQ-ACK feedback for group-common PDCCH/UE-specific PDCCH for deactivation of SPS group-common PDSCH can also be introduced similar as Rel-15/16 unicast SPS deactivation PDCCH to address the miss-detection issue.
Proposal 18. UE-specific PDCCH can be used for activation/deactivation of SPS group-common PDSCH for MBS in RRC_CONNECTED state.
Proposal 19. HARQ-ACK feedback for multicast SPS deactivation PDCCH can be supported.
2.4.2 Retransmission of SPS
	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
Agreement:
Define G-CS-RNTI at least for SPS group-common PDSCH and activation/deactivation of SPS group-common PDSCH, different from CS-RNTI for unicast SPS PDSCH.
· G-CS-RNTI is used for PTM scheme 1 based dynamic retransmission of SPS group-common PDSCH 
· FFS: Whether CS-RNTI can be used for PTP retransmission of SPS group-common PDSCH.
· FFS: Number of G-CS-RNTI.


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.
In dynamic scheduling, PTP retransmission use C-RNTI has the scrambling of PDCCH. Similarly, CS-RNTI can be used for PTP retransmission of SPS group-common PDSCH for SPS. But there is also the same issue as dynamic scheduling discussed in section 2.3.2, there may also be multicast SPS activation PDCCH miss detection issue, which causes UE’s incorrect soft combination. Therefore, one flag in DCI format 1_0/1_2 with CS-RNTI can be used to indicate UE whether the current TB/HARQ process number is used for unicast SPS retransmission or multicast SPS retransmission.
[bookmark: _Hlk65693740]Proposal 20. 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 21. 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 22. 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 23. 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
Considering the same-group common PDCCH are received by RRC_IDLE/RRC_INACTIVE UEs and RRC_CONNECTED UEs, CSS should also be supported for RRC_CONNECTED UEs. In the discussion in section 2.2.1, we prefer a new type CSS is used for multicast service reception, the new type CSS can also be used for broadcast service reception to make the common design of multicast and broadcast.
In addition, the new type CSS can also solve the PDCCH overbooking issue for RRC_CONNECTED UEs. As the agreement from RAN2, the MBS interest indication is supported for RRC_CONNECTED UEs [4]
	Assume that MBS Interest Indication is supported for UEs in connected mode for Broadcast service (assume that as usual there is no mandatory network requirement, network action is up to network).


In Rel-15/16, all configured CSS PDCCHs are counted into the monitored BD/CCEs and the left non-monitored BD/CCEs are used for USS for RRC_CONNECTED UEs. But for Rel-17 broadcast services, it’s up to UE to receive it or not, that is UE may not receive some configured broadcast CSS group-common PDCCHs. If the same PDCCH overbooking rule in Rel-15/16 is re-used for RRC_CONNECTED UEs, the BD/CCEs will be occupied by these non-received broadcast CSS and causes the reduction of USS scheduling opportunity.
Therefore, if new CSS type can be defined for broadcast group-common PDCCH, new PDCCH overbooking rule can be designed for RRC_CONNECTED UEs. Considering it’s up to UE to receive the broadcast service or not and in order to align the monitored BD/CCEs counting between UE and gNB, only the group-common PDCCHs, which belong to the broadcast service reported in the MBS interest indication procedure, are counted in the monitored BD/CCEs for CSS. In this way, the non-monitored broadcast group-common PDCCHs will not occupy the number of monitored BD/CCEs and the USS scheduling opportunity will not be reduced.
Proposal 24. Define a new CSS type for group-common PDCCH of PTM transmission scheme 1 for broadcast in RRC_CONNECTED state.
Proposal 25. 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.
3.3 HARQ process management
In TS 38.214 section 5.3.2.1[3], the definition of HARQ process number is as the following,
The number of parallel DL HARQ processes per HARQ entity is specified in TS 38.214 [7]. The dedicated broadcast HARQ process is used for BCCH.
From this definition, we think the PDSCH carrying system information is out of the maximum 16 HARQ processes in Rel-15/16, that is the unicast service can occupy total 16 HARQ processes. 
Regarding the Rel-17 MBS scenario, the broadcast service PDSCH is much similar to system information PDSCH, e.g., can be received by all UEs and without HARQ-ACK feedback, therefore, broadcast service does not occupy DL HARQ process and dedicated HARQ process(es) can be used for it. Similar to BCCH, dedicated HARQ process(es) can also be assigned for broadcast service(s) and does not need to indicate the HARQ process number in group-common PDCCH.
Proposal 26. Broadcast service does not occupy the configured maximum number of HARQ processes per cell. 
Proposal 27. For broadcast, dedicated HARQ process(es) are assigned and the HARQ process number is not indicated in the group-common PDCCH.
4. Simultaneous operation with unicast reception
In this section, we will discuss some issues about simultaneous operation with unicast reception. In RAN1#102-e meeting, it was agreed to at least support TDM/FDM between one unicast PDSCH and one group-common PDSCH in a slot, and in RAN1#104b-e meeting, Case 1, Case 2 and Case 3 are also supported, but there is no consensus about Case 4 and Case 5.
	Agreement:
At least support the following cases for PDSCH reception for MBS in a slot based on UE capability for RRC_CONNECTED UEs
· Case 1: support TDM between M (M>1) TDMed unicast PDSCHs and one group-common PDSCH in a slot per CC
· FFS: the value(s) of M 
· Case 2: support TDM among N (N>1) group-common PDSCHs in a slot per CC
· FFS: the value(s) of N
· Case 3: support TDM between K (K>1) TDMed unicast PDSCHs and L (L>1) TDMed group-common PDSCHs in a slot per CC
· FFS: the value(s) of K and L


To simplify the discussion, these five cases are divided into two categories, one is TDM-only and another is FDM w and w/o TDM. In this section, we will further discuss some FFS of Case 1, Case 2 and Case 3 and whether to support Case 4 and Case 5.
4.1 Remaining issue of Case 1, Case 2 and Case 3
The remaining issue needs discussion is the maximum number of PDSCHs in a slot simultaneous received per UE in Case 1, 2 and 3. In Rel-15/16, one UE can support up to 2/4/7 TDMed unicast PDSCHs in one slot. We think the maximum number of PDSCHs in one slot, i.e., 2/4/7 can be re-used in Case 1, 2 and 3, and regardless that the PDSCH is unicast PDSCH or group-common PDSCH. This solution will not increase UE’s capability and is a union solution considering w or w/o MBS cases. That is UE only need to report its capability of maximum PDSCH simultaneously reception in one slot, but the type of PDSCH is up to gNB’s scheduling. In addition, there is no need to discuss the division of number of PDSCH into unicast or multicast.
[bookmark: _Hlk61795920]Proposal 28. The maximum number of PDSCHs in a slot simultaneous received per UE can be 2, 4, or 7 based on UE capability, and regardless that the PDSCH is unicast PDSCH or group-common PDSCH. 
4.2 Whether to support Case 4 and Case 5
One of the most critical spec impacts about Case 4 and Case 5 is about the Type-1 HARQ-ACK codebook construction. There were some initial discussions in AI 8.12.2 in last meeting,  
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., the selection of four options in [5], how to define the SLIV group. 
For Case 5, because there is no pre-configured frequency domain SLIV for UE to determine the mapping relationship between received PDSCH and the bit location in HARQ-ACK codebook, 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 29. 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. Support Option 2B for CFR for multicast of RRC-CONNECTED UEs.
Proposal 2. Don’t support more than one CFR for multicast service per dedicated unicast BWP.
Proposal 3. Multicast cannot be supported in a dedicated unicast BWP when no CFR is configured for that BWP.
Proposal 4. If the CFR is equal to the unicast BWP, the signalling of starting PRB and the length of PRBs is not needed, which UE assumes the bandwidth of CFR equals to the unicast BWP.
Proposal 5. If the PDSCH-config/PDCCH-config for MBS is not configured, the PDSCH-Config/PDCCH-config of the dedicated unicast BWP can be re-used for group-common PDCCH/PDSCH.
Proposal 6. For CSS of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, support Alt 2: a new Type-x CSS.
Proposal 7. Support 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 8. The mandatary maximum number limit of CORESETs per BWP (i.e., 3 for single-TRP or 5 for multi-TRP) is kept for Rel-17 MBS. Additional CORESETs for MBS can be optionally supported.
Proposal 9. For PTM transmission scheme 1, support DCI format 1_2 to be used as the baseline for the second DCI format with CRC scrambled with G-RNTI.
Proposal 10. For DCI format 1_0 with CRC scrambled by G-RNTI, the following information is transmitted: 
-  Identifier for DCI formats 
-	Frequency domain resource assignment 
-	Time domain resource assignment
-	VRB-to-PRB mapping
-	Modulation and coding scheme
-	New data indicator
-	Redundancy version
-	HARQ process number
-	Downlink assignment index 
-	PUCCH resource indicator
Proposal 11. For DCI format 1_2 with CRC scrambled by G-RNTI, the following information is transmitted: 
-	Identifier for DCI formats
-	Carrier indicator
-	Frequency domain resource assignment
-	Time domain resource assignment
-	VRB-to-PRB mapping
-	PRB bundling size indicator
-	Rate matching indicator
-	ZP CSI-RS trigger
-	Modulation and coding scheme
-	New data indicator
-	Redundancy version
-	HARQ process number
-	Downlink assignment index
-	PUCCH resource indicator
-	PDSCH-to-HARQ_feedback timing indicator
-	Antenna port(s)
-	Transmission configuration indication
-	SRS request 
-	DMRS sequence initialization
-	Priority indicator
Proposal 12. Confirm the working assumption of keep the “3+1” DCI size budget defined in Rel-15 for Rel-17 MBS. 
· The G-RNTI is counted as “C-RNTI”.
Proposal 13. For DCI format 1_0 with G-RNTI, its DCI size equals to DCI format 1_0 with C-RNTI monitored in a common search space.
Proposal 14. For DCI format 1_2 with G-RNTI, align the DCI size of DCI format 1_2 with C-RNTI equals to the DCI size of DCI format 1_2 with G-RNTI after current steps in Rel-16 DCI size alignment procedure.
· The G-RNTI DCI format 1_2 size can be configured by gNB, which is larger than the original calculation of bitlength of DCI fields according to configurations. 
Proposal 15. PTM scheme 1 retransmission and PTP retransmission can be used simultaneously for different UEs in the same MBS group.
Proposal 16. 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 17. Support using a DCI field in DCI format 1_0/1_2 with C-RNTI to differentiate the HARQ process number used for unicast service transmission or for multicast PTP retransmission.
Proposal 18. UE-specific PDCCH can be used for activation/deactivation of SPS group-common PDSCH for MBS in RRC_CONNECTED state.
Proposal 19. HARQ-ACK feedback for multicast SPS deactivation PDCCH can be supported.
Proposal 20. PTM transmission scheme 1 and PTP can be used as retransmission for SPS group-common PDSCH.
Broadcast service group scheduling mechanism:
Proposal 21. 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 22. 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 23. 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 24. Define a new CSS type for group-common PDCCH of PTM transmission scheme 1 for broadcast in RRC_CONNECTED state.
Proposal 25. 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.
Proposal 26. Broadcast service does not occupy the configured maximum number of HARQ processes per cell. 
Proposal 27. For broadcast, dedicated HARQ process(es) are assigned and the HARQ process number is not indicated in the group-common PDCCH.
Simultaneous operation with unicast reception:
Proposal 28. The maximum number of PDSCHs in a slot simultaneous received per UE can be 2, 4, or 7 based on UE capability, and regardless that the PDSCH is unicast PDSCH or group-common PDSCH. 
Proposal 29. 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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