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1. [bookmark: _Toc120549591]Introduction
In last RAN1 #102-e meeting, some agreements about group scheduling were agreed as the following [1],
Agreements:
For RRC_CONNECTED UEs, at least support group-common PDCCH with CRC scrambled by a common RNTI to schedule a group-common PDSCH, where the scrambling of the group-common PDSCH is based on the same common RNTI.
o   FFS: whether to support UE-specific PDCCH to schedule a PDSCH for MBS.

Agreements:
· For RRC_CONNECTED UEs, define/configure common frequency resource for group-common PDSCH.
· FFS: whether to reuse the BWP framework or not 
· FFS: the relation between the common frequency resource and UE dedicated BWP, e.g., the common frequency resource is a MBS specific BWP, or the common frequency resource is confined within UE’s dedicated BWP, etc. 
· FFS: whether more than one common frequency resource can be configured per UE
Agreements:
· For RRC_CONNECTED UEs, at least support FDM between unicast PDSCH and group-common PDSCH in a slot based on UE capability.
· FFS: TDM or SDM in a slot.

In addition, some agreements about reliability improvements were also agreed [1],
Agreements:
For RRC_CONNECTED UEs, HARQ-ACK feedback is supported for multicast and no additional evaluation is needed to justify this.
· FFS: The detailed HARQ-ACK feedback schemes, e.g., ACK/NACK based, NACK-only based.
· FFS: HARQ-ACK feedback can be optionally disabled and/or enabled.
In this contribution, detailed group scheduling mechanisms design including frequency resource configuration, simultaneous operation with unicast and other issues will be discussed.
2. MBS group scheduling mechanisms 
In this section, we first discuss some terminologies related to group scheduling mechanisms, and then discuss the detailed issues for two different group scheduling mechanisms including frequency domain resource configuration, CORESET, search space, DCI format, etc.
2.1 Discussion on the definition of MBS delivery methods
In TR 23.757[2], the MBS traffic delivery methods from the view of 5G CN and RAN are defined as the following:
“From the view point of 5G CN, two delivery methods are possible:
-	5GC Individual MBS traffic delivery method: 5G CN receives a single copy of MBS data packets and delivers separate copies of those MBS data packets to individual UEs via per-UE PDU sessions.
-	5GC Shared MBS traffic delivery method: 5G CN receives a single copy of MBS data packets and delivers a single copy of those MBS packets packet to a RAN node, which then delivers them to one or multiple UEs
If 5GC Individual MBS traffic delivery method is supported, a same received single copy of MBS data packets by the CN may be delivered via both 5GC Individual MBS traffic delivery method for some UE(s) and 5GC Shared MBS traffic delivery method for other UEs.
From the viewpoint of RAN, (in the case of the shared delivery) two delivery methods are available for the transmission of MBS packet flows over radio:
-	Point-to-Point (PTP) delivery method: a RAN node delivers separate copies of MBS data packet over radio to individual UE.
-	Point-to-Multipoint (PTM) delivery method: a RAN node delivers a single copy of MBS data packets over radio to a set of UEs.
A RAN node may use a combination of PTP/PTM to deliver an MBS packet to UEs.
NOTE : The PTP and PTM delivery methods are defined in RAN WGs and they are listed here for reference only.
As depicted in the following figure, Shared PTP or PTM delivery method and Individual delivery method may be used at the same time for a 5G MBS session depending on selected scheme.


Figure 4.4‑1: Schematic showing delivery methods”

According to the definition of TR 23.757, both PTP and PTM are defined for MBS traffic and when 5GC shared delivery method is used. The difference between PTP and PTM is whether RAN node delivers separate copies or single copy of MBS data packet over radio, that is, whether the PDSCH for MBS is transmitted with a UE-specific or group-common manner. From this point of view, as long as the PDSCH for MBS is transmitted in a group-common manner, no matter it is scheduled by group-common PDCCH or UE-specific PDCCH, it can be regarded as PTM delivery method from RAN point of view. 
We list the delivery methods from different point of view for both MBS traffic and unicast traffic in the following Table 1. For 5GC individual MBS traffic delivery method, we use the terminology “PTP for individual delivery” for the RAN delivery method to distinguish it from “PTP”. For traditional unicast traffic, we use the terminology “PTP for unicast traffic” for RAN delivery method to distinguish it from “PTP” and “PTP for individual delivery”. 

Table 1. Classification of RAN delivery methods
	Service
	CN delivery method
	RAN delivery method
	CRC of PDCCH
	Scramble of PDSCH
	Note

	MBS traffic
	Individual delivery
	PTP for individual delivery
	UE-specific RNTI
e.g., C-RNTI
	UE-specific RNTI
e.g., C-RNTI
	

	
	Shared delivery
	PTP
	UE-specific RNTI
e.g., C-RNTI
	UE-specific RNTI
e.g., C-RNTI
	

	
	
	PTM
	Group-common RNTI
(G-RNTI)
	Group-common RNTI
(G-RNTI)
	PTM
scheme 1

	
	
	
	UE-specific RNTI
e.g., C-RNTI
	Group-common RNTI
(G-RNTI)
	PTM
scheme 2

	Unicast
traffic
	/
	PTP for unicast traffic
	UE-specific RNTI
e.g., C-RNTI
	UE-specific RNTI
e.g., C-RNTI
	



In Table 1, we also explain our understanding on the different RAN delivery methods from the perspective of PDCCH and PDSCH. For MBS traffic, both “PTP for individual delivery” and “PTP” use UE-specific PDCCH (i.e., CRC of PDCCH is scrambled by UE-specific RNTI, e.g., C-RNTI) and UE-specific PDSCH (i.e., PDSCH is scrambled by UE-specific RNTI, e.g., C-RNTI). “PTM” use group-common PDCCH (i.e., CRC of PDCCH is scrambled by group-common RNTI) or UE-specific PDCCH and group-common PDSCH (i.e., PDSCH is scrambled by group-common RNTI). From RAN1 point of view, there is no difference among “PTP for individual delivery”, “PTP” and “PTP for unicast traffic” in Table 1.
For PTM delivery method, in RAN1 #102-e, it has already agreed to support group-common PDCCH scheduling PDSCH scrambled with the same group-common RNTI (G-RNTI), but whether to support UE-specific PDCCH to schedule PDSCH for MBS is still FFS. For simplicity of discussion, we define two PTM delivery methods as in Table 1.
· PTM scheme 1: For PTM transmission for UEs in the same MBS group, use group-common PDCCH with CRC scrambled by group-common RNTI to schedule group-common PDSCH which is scrambled with the same group-common RNTI.
· PTM scheme 2: For PTM transmission for UEs in the same MBS group, use UE-specific PDCCH with CRC scrambled by UE-specific RNTI (e.g., C-RNTI) to schedule group-common PDSCH which is scrambled with group-common RNTI.
We also call PTM scheme 1 as group-common PDCCH based group scheduling scheme here, and call PTM scheme 2as UE-specific PDCCH based group scheduling scheme. In the following sub-sections, we will first discuss the detailed design of PTM scheme 1 and PTM scheme 2, and then discuss the RAN delivery method for re-transmission under different initial transmission delivery methods. 
Proposal 1. For RRC_CONNECTED UEs, define following two PTM schemes only for discussion purpose.
· PTM scheme 1: For PTM transmission for UEs in the same MBS group, use group-common PDCCH with CRC scrambled by group-common RNTI to schedule group-common PDSCH which is scrambled with the same group-common RNTI. This scheme can also be called group-common PDCCH based group scheduling scheme.
· PTM scheme 2: For PTM transmission for UEs in the same MBS group, use UE-specific PDCCH with CRC scrambled by UE-specific RNTI (e.g., C-RNTI) to schedule group-common PDSCH which is scrambled with group-common RNTI. This scheme can also be called UE-specific PDCCH based group scheduling scheme.

2.2 PTM scheme 1 (Group-common PDCCH to schedule group-common PDSCH)
PTM scheme 1 is similar to LTE SC-PTM design, but there are some new issues need to be considered in NR MBS. Below we list some potential issues.


Frequency resource
In RAN 1#102-e meeting, it was agreed to define/configure common frequency resource for group-common PDSCH, but some detailed issues need to be resolved. One issue is that whether to reuse the BWP framework, and the common frequency resource should be a MBS specific BWP or should be confined within UE’s dedicated BWP. 
In our opinion, the common frequency resource should be configured per BWP and confined within UE’s dedicated BWP. The most important reason for this is that, if the MBS specific BWP is defined and UE does not support two active BWPs, UE has to switch between the unicast active BWP and the MBS specific BWP to receive unicast traffic and MBS traffic, which will cause unnecessary BWP switching time and latency.
Different UEs may have different dedicated BWPs, network can decide whether to put UEs with different BWPs in a MBS group. From network point of view, 
· If different UEs interested in the same MBS service have the same BWP configuration, there is no problem to put them in a MBS group, and the BWP for unicast is the same as the BWP for PTM transmission. 
· If the BWPs of different UEs interested in the same MBS service are non-overlapped, network will not group them together for PTM transmission. 
· If the BWPs of different UEs interested in the same MBS service are partially overlapped, network can decide whether to group them together and, if grouped, configure a proper common frequency resource for the PTM transmission as illustrated in Figure 1. Thus, different UEs in the same group can monitor the same group-common PDCCH and receive the same group-common PDSCH in the common frequency resource with PTM scheme 1, and UE also can simultaneously receive MBS service and unicast service without any interruption time because UE is always working in a single active BWP.

 
Figure 1. Illustration of common frequency resource confined within UE’s dedicated BWP

Companies may argue that UE may switch from one BWP to another BWP and it is hard to guarantee different UEs in the same group are all overlapped in different BWPs. For example, UE 1 may be configured with two BWPs, BWP 1 and BWP 2, and UE 2 may be configured with two BWPs, BWP 3 and BWP 4. BWP 1 of UE 1 and BWP 3 of UE 2 are overlapped, but BWP 2 of UE 1 and BWP 4 of UE 2 are non-overlapped. When UE 1 works on BWP 1 and UE 2 works on BWP 3, network can use PTM transmission for MBS for UE 1 and UE 2, while when UE 1 works on BWP 2 and UE 2 works on BWP 4, network cannot use PTM transmission for MBS for UE 1 and UE 2. In our opinion, the common frequency resource can be configured per BWP, in this example, UE 1 and UE 2 can be configured with a same common frequency resource for PTM transmission in BWP 1 and BWP 3, respectively. For BWP 2 and BWP 4, there is no common frequency resource configuration, that is, UE 1 and UE 2 cannot support PTM transmission but can use PTP transmission for MBS service when they work on BWP 2 and BWP 4, respectively.
Proposal 2. For RRC_CONNECTED UEs, the configured common frequency resource for group-common PDSCH is confined within UE’s dedicated BWP, and the common frequency resource is configured per DL BWP.
For PTM scheme 1, if the common frequency resource is configured, both the group-common PDCCH and the group-common PDSCH should be confined in the common frequency resource. It is obvious that the CORESET for the group-common PDCCH can only be configured in the common frequency resource, and the FRDA field of group-common PDCCH is determined based on the common frequency resource instead of UE’s active DL BWP.
Proposal 3. For RRC_CONNECTED UEs and PTM scheme 1, if the common frequency resource is configured for the group-common PDSCH, the CORESET for the group-common PDCCH should be configured in the common frequency resource, and the FRDA field of group-common PDCCH is determined based on the common frequency resource instead of UE’s active DL BWP.
In Rel-15/16, the physical layer parameters are configured under each BWP’s configuration. To utmost reuse the BWP framework configuration, the common frequency resource can be configured under each UE-specific BWP’s configuration as well. It is up to gNB’s implementation whether to configure additional configuration of other physical layer parameters used in common frequency resource for PTM transmission, e.g., TDRA table, DMRS configuration. For example, for the physical layer parameters which are the same for PTP transmission and PTM transmission, no need to configure them in common frequency resource for MBS. However, for the physical layer parameters, which are different for PTP transmission and PTM transmission, gNB can configure them additionally under the configuration of common frequency resource, and these additional physical layer parameters are only used for PTM transmission.
Proposal 4. For PTM scheme 1, dedicated physical layer parameters for group-common PDSCH e.g., TDRA table, DMRS configuration, etc., can be configured under the configuration of common frequency resource.
Another FFS point is whether more than one common frequency resource can be configured per UE. As the discussion above, we think the common frequency resource is configured per DL BWP, from this point of view, more than one common frequency resource can be configured per UE. However, there is another issue, i.e., whether more than one common frequency resource can be configured per DL BWP. Let’s consider such an example, UE 1 and UE 2 receive MBS service 1, and UE 1 and UE 3 receive MBS service 2, but UE 2’s BWP and UE 3’s BWP are not overlapped. In this case, gNB can configure two common frequency resource in UE1’s BWP for receiving MBS service 1 and MBS service 2 separately. However, two CORESETs will be occupied by PTM transmission for UE1’s BWP in this case, considering the total CORESET number per BWP is up to three, the configuration of more than one common frequency resources per BWP may occupy too many CORESETs and the CORESET number may be limited. To avoid this problem, another alternative is that gNB using PTP delivery methods for MBS service 2 and only configure one common frequency resource for UE 1 for MBS service 1. 
Proposal 5. Further discuss whether more than one common frequency resource can be configured per 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 MBS group-common PDCCH, 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 group-common 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 6. For PTM scheme 1, USS is preferred for group-common PDCCH monitoring, but group-common RNTI value can be used 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 group-common PDCCH.
Proposal 7. For PTM scheme 1, both fallback DCI format 1_0 and non-fallback DCI format 1_1/1_2 could be considered with new interpretations.

DCI size alignment
Regarding DCI size alignment, the first issue to be discussed is whether the DCI size budget defined in Rel-15/16 should be kept of can be extended. In our opinion, it is preferred to maintain the DCI size budget defined in Rel-15/16, which will not increase UE’s cost and is beneficial for commercial deployment of NR MBS.
Proposal 8. Keep the “3+1” DCI size budget as in Rel-15/16 when PTM transmission is enabled. 
The second issue should be discussed is that the DCI size with group-common RNTI should be counted in the maximum three DCI size budget with C-RNTI, or should 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 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 9. For PTM scheme 1, decide whether the DCI size associated with group-common RNTI (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.
Proposal 10. For PTM scheme 1, keep the same maximum number of monitored PDCCH candidates and non-overlapped CCEs per slot per serving cell as in Rel-15 when R17 NR MBS is enabled.

2.3 PTM scheme 2 (UE-specific PDCCH to schedule group-common PDSCH)
PTM scheme 2 is illustrated in Figure 2. 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. 
[image: ]
Figure 2. Illustration of PTM scheme 2 (UE-specific PDCCH based group scheduling scheme) for NR MBS
The most advantage of PTM scheme 2 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. In contrast, for PTM scheme 1, 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.  
Proposal 11. For RRC_CONNECTED UEs, support PTM scheme 2 for NR MBS, i.e., UE-specific PDCCH with CRC scrambled by UE-specific RNTI to schedule group-common PDSCH scrambled with group-common RNTI.
Although the PTM scheme 2 is similar to unicast scheduling, some potential spec impacts are analysed below. 
Frequency resource
Similar to the discussion in section 2.2, a common 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 BWPs, sometimes it may be difficult for gNB to indicate the same type 0 resource allocation for different UEs, since the RBG size for FDRA is determined based on the BWP size and the size of different UEs may not be the same. One simple way to solve this problem is also defining a common frequency resource in each UE’s active BWP, 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 12. The common frequency resource for group-common PDSCH can be optionally configured for PTM scheme 2. If type 0 frequency domain resource allocation is used, the RBG size and RBG numbering for FDRA indication in the UE-specific DCI are determined based on the size of common frequency resource instead of UE’s active BWP.
As the discussion in section 2.2, considering different UEs may have different physical layer parameters, dedicated physical layer parameters for group-common PDSCH e.g., TDRA table, DMRS configuration, etc., can also be configured under the configuration of common frequency resource to realize UEs in one MBS group receiving the same group-common PDSCH. 
Proposal 13. For PTM scheme 2, dedicated physical layer parameters for group-common PDSCH e.g., TDRA table, DMRS configuration, etc., can be configured under the configuration of common frequency resource.

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. 
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 PTM scheme 2, the group-common PDSCH’s scrambling sequence should be the same for UEs in a MBS group. Therefore, the scrambling sequence for group-common PDSCH scheduled by UE-specific PDCCH should not be associated with C-RNTI but a higher layer configured group-common RNTI (G-RNTI). 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 G-RNTI.
Proposal 14. For PTM scheme 2, non-fallback DCI format 1_1/1_2 could be considered, and one additional DCI field is defined to differentiate that the scheduled PDSCH’s scrambling initialization is based on UE-specific RNTI or group-common RNTI.


DCI size alignment
As the discussion above, since the common frequency resource and some dedicated physical layer parameters can be configured for PTM scheme 2, the DCI fields and the size of the DCI for PTM scheme 2 should also be determined based on these configurations. That is, there could be two different DCI sizes for the same DCI format, e.g., DCI format 1_1, one is for scheduling unicast PDSCH and another one is for scheduling group-common PDSCH.
In order to minimize the impact on DCI size alignment procedure, the same DCI format should have a single size. One simple solution is to pad some “zero” bits to the shorter one so that the size is the same for the DCI scheduling unicast PDSCH and the DCI scheduling group-common PDSCH. After this procedure, the same DCI size alignment procedure in Rel-15/16 can be re-used.

BD/CCE limits
The BD/CCE limits defined in Rel-15 should also be reused.
Proposal 15. For PTM scheme 2, keep the same maximum number of monitored PDCCH candidates and non-overlapped CCEs per slot per serving cell as in Rel-15 when R17 NR MBS is enabled.

2.4 Re-transmission delivery method
Considering the HARQ-ACK feedback has been agreed to be supported for NR MBS, we will discuss the re-transmission delivery method under different initial transmission delivery methods in this sub-section. We list the possible combinations of initial transmission delivery method and re-transmission delivery method for MBS service in Table 2.
Table 2. Combinations of initial transmission delivery method and re-transmission delivery method for MBS service
	Initial transmission delivery method
	Re-transmission delivery method

	PTP
	PTP

	PTM scheme 1
	PTM scheme 1

	
	PTM scheme 2

	
	PTP

	PTM scheme 2
	PTM scheme 2

	
	PTP



As the description in Table 1, for MBS service transmitted with 5GC shared delivery method, the RAN delivery method could be “PTP” and “PTM”. If the initial transmission is based on “PTP” delivery method, the retransmission is also based on “PTP” delivery method, which is the same as the initial transmission and re-transmission for traditional unicast traffic from RAN1 point of view. 
If the initial transmission is based on PTM scheme 1 (group-common PDCCH based group scheduling scheme), we think the re-transmission can be based on PTM scheme 1, PTM scheme 2 or PTP. 
· When the initial transmission is using group-common PDCCH, it is natural to re-use group-common PDCCH based group scheduling scheme for re-transmission if large number of UEs in the group feedback NACK or if NACK-only based HARQ-ACK feedback scheme is used. 
· If only small number of UEs feedback NACK, then PTP or PTM scheme 2 can be used for re-transmission. PTM scheme 2 in this case can provide additional benefits over PTP for re-transmission. For example, if several cell edge UEs in the same beam direction feedback NACK, one alternative is to use PTP for re-transmission to improve the reliability, another better alternative is to use PTM scheme 2 for re-transmission to improve the reliability and at the same time improve the transmission efficiency since these UEs can share the same group-common PDSCH.
If the initial transmission is based on PTM scheme 2 (UE-specific PDCCH based group scheduling scheme), we think both PTM scheme 2 or PTP can be used for re-transmission.
Proposal 16. For NR MBS, if the initial transmission is based on PTM scheme 1, support that the re-transmission can be based on PTM scheme 1, PTM scheme 2 or PTP.
Proposal 17. For NR MBS, if the initial transmission is based on PTM scheme 2, support that the re-transmission can be based on PTM scheme 2 or PTP.
3. Simultaneous operation with unicast reception
In this section, we will discuss some issues about simultaneous operation with unicast reception. In last RAN1 meeting, it was agreed to at least support FDM between unicast PDSCH and group-common PDSCH in a slot based on UE capability. As we discussed in section 2.1, from RAN1 point of view, there is no difference among “PTP for individual delivery”, “PTP” and “PTP for unicast traffic” in Table 1. Therefore, in our opinion, unicast PDSCH here means PDSCH transmitted through the three kinds of PTP transmission schemes which include “PTP for individual delivery”, “PTP” or “PTP for unicast traffic” in Table 1. That is to say, the simultaneous operation with unicast reception in the WID means a UE is required to receive PDSCH transmitted through PTP transmission and group-common PDSCH transmitted through PTM transmission simultaneously in one slot. In the following discussion, we use the terminology “PTP PDSCH” and “unicast PDSCH” interchangeably and equivalently. Similarly, the terminology “PTM PDSCH” and “group-common PDSCH” and “multicast PDSCH” are also used interchangeable and equivalent.
3.1 Multiplexing between PTP PDSCH and PTM PDSCH
We first discuss the multiplexing case between only one PTP PDSCH and one PTM PDSCH.
Case 1：One PTP PDSCH and one PTM PDSCH
FDM multiplexing between unicast PDSCH and group-common PDSCH in a slot is agreed in last RAN1 meeting as the illustration in Figure 3 Case 1-A, but TDM and SDM are still FFS.


Figure 3. Illustration of multiplexing of one PTP PDSCH and PTM PDSCH
NR has supported PDSCH mapping type B and more than one unicast PDSCH per slot in TDM as an optional UE capability in R15. Therefore, we think it is easy to extend the TDMed PTP PDSCHs in one slot to TDMed PTP PDSCH and PTM PDSCH in one slot in Rel-17 as illustrated in Case 1-B in Figure 3. For SDM, we think it is too complicated to schedule multiple PDSCH with orthogonal DMRS ports, therefore SDM between unicast PDSCH and group-common PDSCH should be low priority and should not be supported in this release.
Proposal 18. For RRC_CONNECTED UEs, support TDM between unicast PDSCH and group-common PDSCH in a slot based on UE capability.
3.2 Multiplexing between multiple PTM PDSCHs and PTP PDSCH(s)
In Rel-15/16, more than one unicast TDMed PDSCHs is supported, therefore, we further discuss the multiplexing between multiple PTM PDSCHs and the multiplexing between multiple PTM PDSCHs and unicast PDSCH(s).
Case 2: Multiple PTM PDSCHs 
In this case, there is multiple PTM PDSCHs in one slot, and we illustrate the potential multiplexing methods in Figure 4.


Figure 4. Illustration of multiplexing of multiple PTM PDSCHs
For FDM as illustrated in Figure 4 Case 2-A, as the discussion in our company’s contribution [3], it is hard to construct semi-static HARQ-ACK codebook, so whether to support FDM between multiple PTM PDSCHs need to be further studied.
As the discussion in the above section, NR has supported multiple unicast TDMed PDSCH in one slot, and therefore, the number of PTM PDSCHs can also be larger than one and TDM between multiple PTM PDSCHs can be considered as in Figure 4 Case 2-B. In this TDM multiplexing method, the Rel-15/16 semi-static and dynamic HARQ-ACK codebook constructions can be reused with little spec impact.
Proposal 19. For RRC_CONNECTED UEs, support TDM between multiple group-common PDSCHs in a slot based on UE capability.
Another issue is the multiplexing of PTP PDSCH(s) and multiple PTM PDSCHs, as we know NR only supports TDMed unicast PDSCHs in one slot, we list the following PDSCH multiplexing cases in one slot for one UE.
Case 3：One PTP PDSCH and multiple PTM PDSCHs
For Case 3-A, it is similar to Case 2-A, in which the semi-static codebook construction for FDMed PTM PDSCHs is difficult. 
For Case 3-B, some enhancement of Rel-15/16 semi-static HARQ codebook may be needed, for example, two sub-codebooks can be separately constructed for unicast PDSCH and PTM PDSCHs and the final HARQ-ACK codebook is the concatenation of the two sub-codebooks.
For Case 3-C, the semi-static HARQ codebook designed in Rel-15/16 can be reused.


Figure 5. Illustration of multiplexing of one PTP PDSCH and multiple PTM PDSCHs
Case 4：Multiple PTP PDSCHs and one PTM PDSCH
For Case 4-A, it is similar to Case 3-B, some enhancement of Rel-15/16 semi-static HARQ codebook may be needed, for example, two sub-codebooks can be separately constructed for PTP PDSCHs and PTM PDSCH and the final HARQ-ACK codebook is the concatenation of the two sub-codebooks.
For Case 4-B, it is similar to Case 3-C, in which the semi-static HARQ-ACK codebook designed in Rel-15/16 can be reused. 


Figure 6. Illustration of multiplexing of one PTM PDSCH and multiple PTP PDSCHs
Case 5：Multiple PTP PDSCHs and multiple PTM PDSCHs
For Case 5-A, the same problem exists as for Case 2-A and Case 3-A to support semi-static HARQ-ACK codebook.
For Case 5-B, it is similar to Case 3-B and Case 4-A, some enhancement of Rel-15/16 semi-static HARQ codebook may be needed, for example, two sub-codebooks can be separately constructed for PTP PDSCHs and PTM PDSCHs and the final HARQ-ACK codebook is the concatenation of the two sub-codebooks. 
For Case 5-C, it is similar to Case 3-C and Case 4-B, in which the semi-static HARQ codebook designed in Rel-15/16 can be reused.


Figure 7. Illustration of multiplexing of multiple PTM PDSCHs and multiple PTP PDSCHs
In summary, it is easy to support multiple TDMed PTM PDSCHs and regardless of the multiplexing method between PTM PDSCH(s) and PTP PDSCH(s), since the Rel-15/16 semi-static HARQ-ACK codebook is based on TDMed PDSCHs. If multiple PTM PDSCHs are FDMed as in Case 2-A, 3-A and 5-A, it is difficult to support semi-static HARQ-ACK codebook.
Therefore, we think one or multiple TDMed group-common PDSCHs can be FDMed or TDMed with unicast PDSCH(s) in a slot, and whether to support multiple FDMed group-common PDSCHs in a slot should be further studied.
Proposal 20. For RRC_CONNECTED UEs, support TDM or FDM between unicast PDSCH(s) and multiple TDMed group-common PDSCHs in a slot based on UE capability.
Proposal 21. Further discuss whether to support FDM between multiple group-common PDSCHs in a slot for RRC_CONNECTED UEs.
3.3 PDSCH collision of SI-RNTI PDSCH
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 [4] 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 PTM PDSCHs also collides with SI-RNTI PDSCH and unicast PDSCH, some prioritization rules may need to be further defined.
Proposal 22. Further discuss the PDSCH prioritization rule when PTM 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 NR MBS and CA are enabled for two UEs (e.g., UE#1 and UE#2) in the same MBS group as illustrated in Table 3. 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 3. 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 PTM scheme 1 and PTM scheme 2 can work well for this case.
· 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 PTM scheme 2 can easily support this case, while for PTM scheme 1, 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 NR MBS together, and we are open to further discuss whether these two cases should be supported in Rel-17 or not.
Observation 1. Both PTM scheme 1 and PTM scheme 2 can support the case in which the carrier is Pcell for part of UEs in an MBS group and Scell for another part of UEs in the same MBS group with same-carrier scheduling.
Proposal 23. Further 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 NR MBS 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:
Proposal 1. For RRC_CONNECTED UEs, define following two PTM schemes only for discussion purpose.
· PTM scheme 1: For PTM transmission for UEs in the same MBS group, use group-common PDCCH with CRC scrambled by group-common RNTI to schedule group-common PDSCH which is scrambled with the same group-common RNTI. This scheme can also be called group-common PDCCH based group scheduling scheme.
· PTM scheme 2: For PTM transmission for UEs in the same MBS group, use UE-specific PDCCH with CRC scrambled by UE-specific RNTI (e.g., C-RNTI) to schedule group-common PDSCH which is scrambled with group-common RNTI. This scheme can also be called UE-specific PDCCH based group scheduling scheme.
Proposal 2. For RRC_CONNECTED UEs, the configured common frequency resource for group-common PDSCH is confined within UE’s dedicated BWP, and the common frequency resource is configured per DL BWP.
Proposal 3. For RRC_CONNECTED UEs and PTM scheme 1, if the common frequency resource is configured for the group-common PDSCH, the CORESET for the group-common PDCCH should be configured in the common frequency resource, and the FRDA field of group-common PDCCH is determined based on the common frequency resource instead of UE’s active DL BWP.
Proposal 4. For PTM scheme 1, dedicated physical layer parameters for group-common PDSCH e.g., TDRA table, DMRS configuration, etc., can be configured under the configuration of common frequency resource.
Proposal 5. Further discuss whether more than one common frequency resource can be configured per DL BWP.

Proposal 6. For PTM scheme 1, USS is preferred for group-common PDCCH monitoring, but group-common RNTI value can be used in  for CCE indexes calculation to guarantee UEs in the same MBS group receiving the same PDCCH.
Proposal 7. For PTM scheme 1, both fallback DCI format 1_0 and non-fallback DCI format 1_1/1_2 could be considered with new interpretations.
Proposal 8. Keep the “3+1” DCI size budget as in Rel-15/16 when PTM transmission is enabled. 
Proposal 9. For PTM scheme 1, decide whether the DCI size associated with group-common RNTI (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 10. For PTM scheme 1, keep the same maximum number of monitored PDCCH candidates and non-overlapped CCEs per slot per serving cell as in Rel-15 when R17 NR MBS is enabled.
Proposal 11. For RRC_CONNECTED UEs, support PTM scheme 2 for NR MBS, i.e., UE-specific PDCCH with CRC scrambled by UE-specific RNTI to schedule group-common PDSCH scrambled with group-common RNTI.
Proposal 12. The common frequency resource for group-common PDSCH can be optionally configured for PTM scheme 2. If type 0 frequency domain resource allocation is used, the RBG size and RBG numbering for FDRA indication in the UE-specific DCI are determined based on the size of common frequency resource instead of UE’s active BWP.
Proposal 13. For PTM scheme 2, dedicated physical layer parameters for group-common PDSCH e.g., TDRA table, DMRS configuration, etc., can be configured under the configuration of common frequency resource.
Proposal 14. For PTM scheme 2, non-fallback DCI format 1_1/1_2 could be considered, and one additional DCI field is defined to differentiate that the scheduled PDSCH’s scrambling initialization is based on UE-specific RNTI or group-common RNTI.
Proposal 15. For PTM scheme 2, keep the same maximum number of monitored PDCCH candidates and non-overlapped CCEs per slot per serving cell as in Rel-15 when R17 NR MBS is enabled.
Proposal 16. For NR MBS, if the initial transmission is based on PTM scheme 1, support that the re-transmission can be based on PTM scheme 1, PTM scheme 2 or PTP.
Proposal 17. For NR MBS, if the initial transmission is based on PTM scheme 2, support that the re-transmission can be based on PTM scheme 2 or PTP.

Simultaneous operation with unicast:
Proposal 18. For RRC_CONNECTED UEs, support TDM between unicast PDSCH and group-common PDSCH in a slot based on UE capability.
Proposal 19. For RRC_CONNECTED UEs, support TDM between multiple group-common PDSCHs in a slot based on UE capability.
Proposal 20. For RRC_CONNECTED UEs, support TDM or FDM between unicast PDSCH(s) and multiple TDMed group-common PDSCHs in a slot based on UE capability.
Proposal 21. Further discuss whether to support FDM between multiple group-common PDSCHs in a slot for RRC_CONNECTED UEs.
Proposal 22. Further discuss the PDSCH prioritization rule when PTM PDSCH is partially or fully overlapped in time in non-overlapping PRBs with another SI-RNTI PDSCH in one slot.

CA related issues:
Observation 1. Both PTM scheme 1 and PTM scheme 2 can support the case in which the carrier is Pcell for part of UEs in an MBS group and Scell for another part of UEs in the same MBS group with same-carrier scheduling.
Proposal 23. Further discuss whether to consider the two typical CA cases in section 4.1 for R17 NR MBS.
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