Page 8
Draft prETS 300 ???: Month YYYY
3GPP TSG RAN WG1 #102-e		R1-2006233
e-Meeting, August 17th – 28th, 2020

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Source: 	CMCC
[bookmark: Title]Title:	Discussion on group scheduling mechanisms in NR MBS
Agenda item:	8.12.1
[bookmark: DocumentFor]Document for:	Discussion & Decision
1. [bookmark: _Toc120549591]Introduction
As the WID in RP-201038 [1], the objectives of group scheduling for RRC_CONNECTED UE in R17 NR MBS are as the following,
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:
· Specify a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service [RAN1, RAN2]
· This objective includes specifying necessary enhancements that are required to enable simultaneous operation with unicast reception.
In this contribution, high-level concepts for group scheduling for R17 NR MBS will be discussed, including potential group scheduling mechanisms, simultaneous operation with unicast and some other issues.
2. Potential group scheduling mechanisms for RRC_CONNECTED UE 
In order to realize group scheduling for RRC_CONNECTED UEs, there are basically two kinds of mechanisms. One is using a group common PDCCH which schedules a group common PDSCH for a group of UEs, the other is using separate UE-specific PDCCHs for each UE in a group and all the PDCCHs schedule the same group common PDSCH. In the former scheme, both PDCCH and PDSCH for MBS are UE group common, while in the later scheme, only PDSCH for MBS are UE group common, and PDCCHs are UE-specific. It is obviously that the former scheme has less PDCCH overhead compared with the later scheme. However, we think the decision on which scheme to use should not only consider the PDCCH overhead, but also consider some other aspects, e.g., spec impact to further support UL feedback to improve reliability, etc.  
In this section, we first provide some initial discussions for each of these two schemes, and then we provide an initial comparison for the two schemes.
2.1 Group Common PDCCH based group scheduling mechanism
The group common PDCCH based group scheduling scheme is similar to LTE SC-PTM design as illustrated in Figure 1. Multiple UEs in one group receive the same group common PDCCH with CRC scrambled with a common RNTI, e.g., G-RNTI, and the PDCCH schedules a group common PDSCH carrying MBS service. In the following, we also call the group common PDCCH in this scheme as G-RNTI based PDCCH alternatively. 
[image: ]
Figure 1. Illustration of group common PDCCH based group scheduling mechanism for NR MBS
Although this group scheduling mechanism is similar to LTE SC-PTM, there are some new issues need to be considered in NR MBS. Below we list some potential issues.
MBS frequency resource
In Rel-15/16, the FDRA field of the scheduling DCI for unicast transmission is determined based on the size of the active DL BWP. For NR MBS, different UEs in the same group may have different active DL BWPs, in order to let different UEs monitor the same G-RNTI based PDCCH and receive the same group common PDSCH, a common MBS frequency resource can be defined within each UE’s active DL BWP for UEs in the same group. The group common PDCCH/PDSCH for MBS can only be transmitted in this frequency resource, and the FRDA field of the G-RNTI based PDCCH for MBS is determined based on the MBS frequency resource instead of UE’s active DL BWP. 
CORESET
As discussed above, a common MBS frequency resource is defined for receiving group common PDCCH/PDSCH for MBS. Therefore, the CORESET used for G-RNTI based PDCCH can only be configured within the common MBS frequency resource to guarantee UEs in the same MBS group receiving the same G-RNTI based PDCCH.
Proposal 1. For group common PDCCH based group scheduling, the CORESET used for PDCCH associated with G-RNTI and MBS PDSCH should be located in a common MBS frequency resource which is same for different UEs in a MBS group and can be defined within each UE’s active DL BWP. The FRDA field of the PDCCH associated with G-RNTI is determined based on the MBS frequency resource instead of UE’s active DL BWP.
Search space
In Rel-15/16 two search space types, i.e., CSS and USS, are defined. On one hand, the CCE indexes for CSS are the same for different UEs in the cell, while CCE indexes for USS are different for different UEs in the cell. On the other hand, CSS always have higher priority than USS in case of PDCCH overbooking. Additionally, only USS PDCCH can be monitored on SCell for carrier aggregation.










For search space configuration for NR MBS, we think USS may be more appropriate. One reason is that using CSS for MBS will cause that the priority of MBS is always higher than unicast service, and another reason is that it will cause SCell cannot support MBS. However, we also think some spec updates are needed if USS is used for MBS in order to guarantee all UEs in the same group calculating the same CCE indexes for G-RNTI based PDCCH. In Rel-15/16, the current hash function may cause the CCE indexes calculation are different among UEs, because  and  may be different for different UEs.  is determined based on C-RNTI, and  is the maximum of  over all configured  values for a CCE aggregation level  of search space set . We think some simple modification and restriction can be considered for MBS search space, for example using G-RNTI in  for MBS, and it can be up to gNB’s implementation to guarantee the  for different UEs in the same MBS group are the same. 

Proposal 2. For group common PDCCH based group scheduling, USS is preferred for PDCCH associated with G-RNTI, but using G-RNTI value in  for CCE indexes calculation to guarantee UEs in the same MBS group receiving the same PDCCH.
DCI format
Both fallback DCI format 1_0 and non-fallback DCI format 1_1/1_2 could be considered with new interpretations, because some fields in current DCI format may not be used in G-RNTI PDCCH.
Proposal 3. For group common PDCCH based group scheduling, both fallback DCI format 1_0 and non-fallback DCI format 1_1/1_2 could be considered.
DCI size alignment
Regarding DCI size alignment, the first issue to be discussed is whether the DCI size with G-RNTI should be counted in the maximum three DCI size budget with C-RNTI, or should only be counted in the maximum four DCI sizes budget with all RNTIs. 
On one hand, G-RNTI is different from C-RNTI, and from this point of view, the DCI size with G-RNTI should only be counted in the maximum four DCI sizes budget with all RNTIs. On the other hand, DCI format with CRC scrambled by G-RNTI is also different from other DCI formats with CRC scrambled by other RNTIs, e.g., DCI format 2_x series, since DCI with G-RNTI is a scheduling DCI but DCI format 2_x series will not be used for scheduling PDSCH. From this point of view, the DCI size with G-RNTI is more suitable to be counted in the DCI size budget with C-RNTI.
If the DCI size with G-RNTI is only counted in the maximum four DCI sizes budget with all RNTIs, it may be easy to make the DCI sizes aligned between DCI with G-RNTI and other DCIs based on network configuration. However, if the DCI size with G-RNTI is counted in the maximum three DCI sizes budget with C-RNTI, it may be difficult to make the DCI size with G-RNTI align with other scheduling DCI sizes with C-RNTI for the same UE, and at the same time keep the DCI size with G-RNTI aligned for different UEs in one MBS group.
Proposal 4. For group common PDCCH based group scheduling, decide whether the DCI size associated with G-RNTI should be counted in the DCI size budget associated with C-RNTI or counted in the DCI size budget associated with all RNTIs.
BD/CCE limits
In our view, it is preferred to maintain the BD/CCE limits defined in Rel-15, which will not increase UE’s cost and is beneficial for commercial deployment of NR MBS.
PUCCH resource indication for HARQ-ACK feedback
This issue is related to HARQ-ACK feedback mechanism design, the discussion on two HARQ-ACK feedback mechanisms, i.e., ACK/NACK based HARQ-ACK feedback and NACK-only based HARQ-ACK feedback can be found in our companion contribution [2]. Basically, we think NACK only based HARQ-ACK feedback mechanism is more suitable for group common PDCCH based group scheduling mechanism, and the PUCCH resource for NACK only feedback can be pre-configured via RRC signalling without dynamic DCI indication. If ACK/NACK based HARQ-ACK feedback is used for group common PDCCH based group scheduling mechanism, on the one hand, network needs to configure orthogonal PUCCH resources for UEs in the same group by RRC signalling which will greatly increase the PUCCH resource overhead from network perspective, and the PUCCH resource indicator field in DCI can optionally be used to select corresponding PUCCH resource for each UE. On the other hand, large spec impact and standardization effort will be needed for HARQ-ACK multiplexing/prioritization between multicast and unicast, and multiplexing/prioritization between HARQ-ACK and other UCIs.  
Observation 1. For group common PDCCH based group scheduling, ACK/NACK based HARQ-ACK feedback will cause large PUCCH resource overhead, and large spec impact / standardization effort will be needed for HARQ-ACK multiplexing / prioritization between multicast and unicast and multiplexing / prioritization between HARQ-ACK and other UCIs.

Proposal 5. For group common PDCCH based group scheduling, NACK-only based HARQ-ACK feedback scheme can be considered. 

2.2 UE-specific PDCCH based group scheduling mechanism
For UE-specific PDCCH based group scheduling mechanism, the CRC of PDCCH for MBS is also scrambled with C-RNTI. From UE perspective, it is the same as unicast transmission, and it is completely based on gNB’s implementation to schedule a group common PDSCH for a group of UEs with UE-specific PDCCHs as illustrated in Figure 2. 
[image: ]
Figure 2. Illustration of UE-specific PDCCH based group scheduling mechanism for NR MBS
The most advantage of UE-specific PDCCH based group scheduling mechanism is that the HARQ-ACK feedback related design for unicast in Rel-15/16 can be maximally reused and some other aspects can follow the same design as for unicast, so that less spec effort is needed. The detailed design and potential spec impacts of this scheme are analysed below. 
MBS frequency resource
Similar to the discussion in section 2.1, a MBS frequency resource can also be defined within each UE’s active BWP but the motivation is a little different. Considering different UEs may have different active BWP, sometimes it may be difficult for gNB to indicate the same type 0 resource allocation in frequency domain for different UEs, since the RBG size for FDRA is determined based on the BWP size and different UEs may have different RBG sizes. One simple way to solve this problem is also defining a common MBS frequency resource in each UE’s active BWP for a group of UEs, and the RBG size and RBG numbering are determined based on the size of MBS frequency resource instead of UE’s active BWP size.  
Proposal 6. For UE-specific PDCCH based group scheduling, a common MBS frequency resource for different UEs in the same MBS group can be defined within each UE’s active DL BWP for multicast PDSCH reception. If type 0 frequency domain resource allocation is used, the RBG size and RBG numbering for FDRA indication in the DCI are determined based on the size of common MBS frequency resource instead of UE’s active BWP size.
CORESET/Search space
The CORESET and search space configuration could be based on network implementation, and there is no additional spec impact.
DCI format
Regarding DCI format, only non-fallback DCI format 1_1/1_2 can be considered with one additional field to differentiate the PDSCH scrambling initialization for unicast and multicast, which will be discussed latter. 
Proposal 7. For UE-specific PDCCH based group scheduling, non-fallback DCI format 1_1/1_2 could be considered.
DCI size alignment
The same DCI size alignment procedure as in Rel-15/16 can be used, and there is no additional spec impact.
Proposal 8. For UE-specific PDCCH based group scheduling, there is little spec impact for CORESET/search space configuration and DCI size alignment procedure.
BD/CCE limits
The BD/CCE limits defined in Rel-15 should also be reused.
Proposal 9. For UE-specific PDCCH based group scheduling, keep the same maximum number of BD/CCEs per slot per serving cell as in R15 when R17 NR MBS is enabled.
PUCCH resource indication for HARQ-ACK feedback
This issue is also related to HARQ-ACK feedback mechanism design, which can be found in our companion contribution [2]. We think ACK/NACK based HARQ-ACK feedback mechanism is more suitable for UE-specific PDCCH based group scheduling mechanism, and PUCCH resource configuration and indication for HARQ-ACK feedback defined in Rel-15/16 can be used. The spec impact is much less than defining ACK/NACK based HARQ-ACK feedback for group common PDCCH based group scheduling. NACK based HARQ-ACK feedback can also be supported for this group scheduling scheme.
Observation 2. For UE-specific PDCCH based group scheduling, it is easy to support ACK/NACK based HARQ-ACK feedback and there is little spec impact.
PDSCH scrambling
The scrambling sequence generator for PDSCH is initialized with

where[image: ] corresponds to the RNTI associated with the PDSCH transmission.
For unicast PDSCH, the PDSCH scrambling is associated with C-RNTI to realize interference randomization. For UE-specific PDCCH based group scheduling, the PDSCH scrambling sequence should be the same for UEs in a MBS group. Therefore, the scrambling sequence for multicast PDSCH scheduled by C-RNTI based PDCCH should not be associated with C-RNTI but a higher layer configured common ID or a default value (e.g., Cell ID). As discussed in the DCI format design, one field in DCI can be used to indicate UE which PDSCH scrambling initialization should be used, e.g., C-RNTI or a common ID.
Proposal 10. For UE-specific PDCCH based group scheduling, the scrambling sequence for multicast PDSCH should not be associated with C-RNTI but a higher layer configured common ID or a default value (e.g., Cell ID).
[bookmark: _GoBack]Proposal 11. For UE-specific PDCCH based group scheduling, one additional field in DCI could be defined to differentiate the PDSCH scrambling initialization for unicast and multicast.
2.3 Group scheduling mechanism comparison
The comparison between the above two group scheduling mechanisms is summarized in Table 1. It is noteworthy that the comparison should not only consider PDCCH/PDSCH related impacts, but also HARQ-ACK feedback related impacts. As in the WID [1], the reliability improvement is one of the objectives of NR MBS, which is also one of the main difference from LTE SC-PTM. As discussed in our companion contribution [2], HARQ-ACK feedback is the most useful scheme for reliability improvement and should be supported in R17 NR MBS. Therefore, the impact about HARQ-ACK feedback should be considered in the group scheduling mechanisms, since HARQ-ACK feedback procedure, especially the PUCCH recourse determination is closely related to the PDCCH design.
Table 1. Comparison between two group scheduling mechanisms for NR MBS
	
	Group common PDCCH based scheme
	UE-specific PDCCH based scheme

	RNTI
	One G-RNTI per TMGI
	C-RNTI (one field in DCI to distinguish unicast and multicast)

	PDCCH overhead
	Small (Group common PDCCH)
	Larger (UE-specific PDCCH)

	MBS frequency resource
	A MBS frequency resource can be defined which could be a group common frequency resource within each UE’s active BWP. The FDRA in MBS DCI is based on the frequency resource.
	A MBS frequency resource can also be defined which could be a group common frequency resource within each UE’s active BWP. The FDRA in MBS DCI is based on the frequency resource.

	CORESET configuration
	The CORESET can only be within the MBS frequency resource
	No restriction for CORESET configuration

	Search space configuration
	Larger spec impact
	No spec impact

	DCI size alignment
	May be complex
· It may be difficult to align the size of G-RNTI based PDCCH with other DCI sizes for the same UE, and at the same time keep the G-RNTI based PDCCH aligned for different UEs in a group
	Simple
· Similar procedure as for unicast, less spec effort

	PUCCH resource configuration for HARQ-ACK
	Less flexible and large spec impact
· For ACK/NACK feedback, network needs to configure orthogonal PUCCH resources for UEs in the same group by RRC, PRI field in DCI can optionally be used to select a PUCCH resource for each UE.
· More suitable for NACK only feedback. Not easy to multiplex with HARQ-ACK feedback for unicast.
· large spec impact / standardization effort for HARQ-ACK multiplexing / prioritization between multicast and unicast and multiplexing / prioritization between HARQ-ACK and other UCIs 
	Flexible and little spec impact
· The same as for unicast, easy to support ACK/NACK feedback.



Based on the table, we can see that, on the one hand, the PDCCH overhead of UE-specific PDCCH based scheme is larger than that of group common PDCCH based scheme, on the other hand, the standardization efforts for UE-specific PDCCH based scheme is much less than that of group common PDCCH based scheme, especially considering supporting ACK/NACK based HARQ-ACK feedback. Considering the pros and cons of these two group scheduling schemes, we think they can be used for different use cases. For the case with relatively less number of UEs in a MBS group, it is more suitable to use UE-specific PDCCH group scheduling for which ACK/NACK based HARQ-ACK feedback scheme can be easily supported to improve the reliability with controllable PDCCH overhead and PUCCH overhead. For the case with large number of UEs in a MBS group, it is more suitable to use group common PDCCH scheduling for which NACK only based HARQ-ACK feedback can be used to improve reliability with small PDCCH overhead and PUCCH overhead. 
Observation 3. UE-specific PDCCH based group scheduling and group common PDCCH based group scheduling can be used in different scenarios. HARQ-ACK feedback schemes should also be taken into account when design group scheduling schemes.
Proposal 12. UE-specific PDCCH based group scheduling can be supported together with ACK/NACK based HARQ-ACK feedback. Group common PDCCH based group scheduling can be supported together with NACK-only HARQ-ACK feedback.
3. Simultaneous operation with unicast
In this section, we will also discuss some issues about simultaneous operation with unicast.
In Rel-13 LTE SC-PTM, UE can report its capability scptm-ParallelReception-r13, which defines whether UE support the parallel reception of DL-SCH transport blocks for SC-PTM and unicast as well as the parallel reception of multiple DL-SCH transport blocks for SC-PTM in the same subframe. It is noted that only slot based PDSCH scheduling is supported in LTE, which means the simultaneous reception of unicast and one or more multicast PDSCHs can only be FDMed in a subframe.
Observation 4. Multiple PDSCHs for unicast and multicast can only be FDMed in one subframe in LTE.
Different from LTE, NR supports PDSCH mapping type B and more than one PDSCHs can be TDMed in one slot. NR has already supported more than one unicast PDSCHs per slot in TDM as an optional UE capability in R15. Therefore, it should be first discussed whether TDM or FDM or both should be supported for simultaneous reception of unicast and multicast PDSCHs in a slot, and then further discuss the maximum supported number of PDSCHs that can be simultaneously received in a slot, considering both unicast and multicast PDSCH. In addition, it may also need discussion that whether the support of HARQ-ACK feedback has any impact on the UE capability of supporting simultaneous reception of unicast and multicast PDSCHs.
Proposal 13. Further discuss whether TDM or FDM or both should be supported for simultaneous reception of multiple unicast and multicast PDSCHs in one slot.
Proposal 14. Further discuss whether the support of HARQ-ACK feedback has any impact on the UE capability of supporting simultaneous reception of unicast and multicast PDSCHs.
In addition, some PDSCH reception rule regarding collision of SI-RNTI PDSCH and unicast PDSCH has already been specified in TS38.214 in Rel-15/16 as the following [3] for FR1 and FR2,
“On a frequency range 1 cell, the UE shall be able to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI and, during a process of P-RNTI triggered SI acquisition, another PDSCH scheduled with SI-RNTI that partially or fully overlap in time in non-overlapping PRBs, unless the PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI requires Capability 2 processing time according to clause 5.3 in which case the UE may skip decoding of the scheduled PDSCH with C-RNTI, MCS-C-RNTI, or CS-RNTI. 
On a frequency range 2 cell, the UE is not expected to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI if in the same cell, during a process of P-RNTI triggered SI acquisition, another PDSCH scheduled with SI-RNTI partially or fully overlap in time.
The UE is expected to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI during a process of autonomous SI acquisition.”
When one or more multicast PDSCH also collides with SI-RNTI PDSCH and unicast PDSCH, some prioritization rules may need to be further defined.
Proposal 15. Further discuss the PDSCH prioritization rule when multicast PDSCH is partially or fully overlapped in time in non-overlapping PRBs with another SI-RNTI PDSCH in one slot.
4. Other Issues
4.1 CA related issues
In NR, the configuration of carries is flexible, e.g., Pcell for one UE can be Scell for another UE. Here we discuss two typical cases in which both multicast and CA are enabled for two UEs (e.g., UE#1 and UE#2) in the same MBS group as illustrated in Table 2. Let’s consider two NR carriers, carrier #1 (e.g., 2.6GHz) and carrier#2 (e.g., 4.9GHz). For UE#1, carrier #1 is PCell and carrier #2 is SCell, while for UE#2, carrier#2 is PCell and carrier#1 is SCell. We assume multicast transmission is carried out only on carrier#1.
Table 2. Illustration of CA configuration
	
	UE#1
	UE#2

	PCell
	2.6GHz (carrier #1)
	4.9GHz (carrier #2)

	SCell
	4.9GHz (carrier #2)
	2.6GHz (carrier #1)


Case 1: 
In this case, same-carrier scheduling is applied for both PCell of UE#1 and SCell of UE#2. Based on the discussion on group scheduling schemes in section 2, we think both group common PDCCH based scheme and UE-specific based scheme can work well for this case.
Observation 5. Both shared PDCCH based group scheduling mechanism and UE-specific PDCCH based group scheduling mechanism can support the case which the carrier is Pcell for part of UEs and Scell for part of UEs with same-carrier scheduling.
Case 2:
In this case, cross-carrier scheduling is applied for SCell of UE#2, i.e., PDSCH on SCell of UE#2 is scheduled by PDCCH transmitted on PCell. Based on the discussion on group scheduling schemes in section 2, we think UE-specific PDCCH based group scheme can easily support this case, while for group common PDCCH based group scheduling scheme, some further investigations are needed on how to support this case. 
We think the above two cases are the most typical cases when we consider CA and multicast together, and we are open to further discuss whether these two cases should be supported in Rel-17 or not.
Proposal 16. Discuss whether to consider the two typical CA cases in section 4.1 for R17 NR MBS.
There may be some more complicated cases when CA and multicast are considered together, especially when number of carriers are larger than two. However, we think some careful justifications are needed before we decide to support them. From our point of view, we can leave other more complicated cases out of the scope of Rel-17. 
5. Conclusions
In this contribution, some high-level concepts for group scheduling mechanism in R17 NR MBS are discussed, and the following observations and proposals are made.
Group scheduling mechanism:
Observation 1. For group common PDCCH based group scheduling, ACK/NACK based HARQ-ACK feedback will cause large PUCCH resource overhead, and large spec impact / standardization effort will be needed for HARQ-ACK multiplexing / prioritization between multicast and unicast and multiplexing / prioritization between HARQ-ACK and other UCIs.
Observation 2. For UE-specific PDCCH based group scheduling, it is easy to support ACK/NACK based HARQ-ACK feedback and there is little spec impact.
Observation 3. UE-specific PDCCH based group scheduling and group common PDCCH based group scheduling can be used in different scenarios. HARQ-ACK feedback schemes should also be taken into account when design group scheduling schemes.

Proposal 1. For group common PDCCH based group scheduling, the CORESET used for PDCCH associated with G-RNTI and MBS PDSCH should be located in a common MBS frequency resource which is same for different UEs in a MBS group and can be defined within each UE’s active DL BWP. The FRDA field of the PDCCH associated with G-RNTI is determined based on the MBS frequency resource instead of UE’s active DL BWP.

Proposal 2. For group common PDCCH based group scheduling, USS is preferred for PDCCH associated with G-RNTI, but using G-RNTI value in  for CCE indexes calculation to guarantee UEs in the same MBS group receiving the same PDCCH.
Proposal 3. For group common PDCCH based group scheduling, both fallback DCI format 1_0 and non-fallback DCI format 1_1/1_2 could be considered.
Proposal 4. For group common PDCCH based group scheduling, decide whether the DCI size associated with G-RNTI should be counted in the DCI size budget associated with C-RNTI or counted in the DCI size budget associated with all RNTIs.
Proposal 5. For group common PDCCH based group scheduling, NACK-only based HARQ-ACK feedback scheme can be considered. 
Proposal 6. For UE-specific PDCCH based group scheduling, a common MBS frequency resource for different UEs in the same MBS group can be defined within each UE’s active DL BWP for multicast PDSCH reception. If type 0 frequency domain resource allocation is used, the RBG size and RBG numbering for FDRA indication in the DCI are determined based on the size of common MBS frequency resource instead of UE’s active BWP size.
Proposal 7. For UE-specific PDCCH based group scheduling, non-fallback DCI format 1_1/1_2 could be considered.
Proposal 8. For UE-specific PDCCH based group scheduling, there is little spec impact for CORESET/search space configuration and DCI size alignment procedure.
Proposal 9. For UE-specific PDCCH based group scheduling, keep the same maximum number of BD/CCEs per slot per serving cell as in R15 when R17 NR MBS is enabled.
Proposal 10. For UE-specific PDCCH based group scheduling, the scrambling sequence for multicast PDSCH should not be associated with C-RNTI but a higher layer configured common ID or a default value (e.g., Cell ID).
Proposal 11. For UE-specific PDCCH based group scheduling, one additional field in DCI could be defined to differentiate the PDSCH scrambling initialization for unicast and multicast.
Proposal 12. For R17 NR MBS, UE-specific PDCCH based group scheduling can be supported together with ACK/NACK based HARQ-ACK feedback. Group common PDCCH based group scheduling can be supported together with NACK-only HARQ-ACK feedback.

Simultaneous operation with unicast:
Observation 4. Multiple PDSCHs for unicast and multicast can only be FDMed in one subframe in LTE.
Proposal 13. Further discuss whether TDM or FDM or both should be supported for simultaneous reception of multiple unicast and multicast PDSCHs in one slot.
Proposal 14. Further discuss whether the support of HARQ-ACK feedback has any impact on the UE capability of supporting simultaneous reception of unicast and multicast PDSCHs.
Proposal 15. Further discuss the PDSCH prioritization rule when multicast PDSCH is partially or fully overlapped in time in non-overlapping PRBs with another SI-RNTI PDSCH in one slot.

CA related issues:
Observation 5. Both shared PDCCH based group scheduling mechanism and UE-specific PDCCH based group scheduling mechanism can support the case which the carrier is Pcell for part of UEs and Scell for part of UEs with same-carrier scheduling.
Proposal 16. Discuss whether to consider the two typical CA cases in section 4.1 for R17 NR MBS.
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