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	Introduction
During the RAN1#102-e e-meeting, the following agreements in relation to group scheduling were made: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.
· 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.
· FFS: whether enhancement is needed
Agreements:
· For RRC_CONNECTED UEs, at least support slot-level repetition for group-common PDSCH. 
· FFS: whether enhancement is needed
Agreements:
· For RRC_CONNECTED UEs, existing CSI feedback can be used for multicast transmission.
· FFS: whether enhancement is needed 



[bookmark: _Ref178064866]This contribution discusses further about the different combinations of initial and retransmissions via group scheduling and dedicated scheduling, bandwidth part (BWP) operation and multiplexing of unicast and multicast transmission.  
	Discussion

Use of G-RNTI versus C-RNTI for PDCCH and PDSCH
During RAN1#102-e several variants and combinations of using G-RNTI and C-RNTI for the PDCCH and PDSCH in the context of MBS have been presented. Table 1 provides an enumeration of the combinations for discussion.
[bookmark: _Ref47691295]Table 1 possible use of G-RNTI vs C-RNTI for PDCCH and PDSCH in initial and re-transmission
	Enumeration
	Initial PDCCH
	Initial PDSCH
	ReTx PDCCH
	ReTx PDSCH
	Comment

	1
	G-RNTI
	G-RNTI
	G-RNTI
	G-RNTI
	Initial PTM with PTM ReTx (Basic PTM case)

	2
	G-RNTI
	G-RNTI
	C-RNTI
	C-RNTI
	Initial PTM with PTP ReTx

	3
	C-RNTI
	C-RNTI
	C-RNTI
	C-RNTI
	Initial PTP with PTP ReTx 
(legacy NR)

	4
	C-RNTI
	G-RNTI
	C-RNTI
	G-RNTI
	Initial PTM with PTM ReTx, using C-RNTI for all scheduling

	5
	C-RNTI
	G-RNTI
	C-RNTI
	C-RNTI
	Initial PTM with PTP ReTx, using C-RNTI for all scheduling



In combination 1 and 2 the initial PTM transmission uses common PDCCH and PDSCH for all group UEs, identified by G-RNTI. This has the advantage of requiring minimal resources, independent of group size. In our companion paper [2 ] we make the observation that there is no PUCCH resource conflict issue among all UE in PTM group even though one single PUCCH resource indicator (PRI) in PDCCH applies to all UEs in the PTM group when dedicated PUCCH resource is configured to each UE for its PTM HARQ feedback transmission.
Since a retransmission is usually required only by a small fraction of UEs it may make sense to use a PTP retransmission to individual UEs, allowing for UE-specific adaptation of transmission parameters. Such PTP retransmission should then be identified by C-RNTI both on PDCCH and PDSCH. PTM retransmissions should also be supported, for the case of NACKs received from many UEs. PTM retransmissions should be identified by G-RNTI on the PDCCH and PDSCH.
Combination 3 denotes the legacy case of PTP for initial and re-transmission, identified by C-RNTI on PDCCH and PDSCH. In combinations 4 and 5 a UE-individual PDCCH is used, identified by C-RNTI, where the PDCCHs point to the group-common PDSCH identified by G-RNTI. This combination has the drawback that PDCCH resource usage directly scales with the number of UEs in the group. It should therefore in any case is not the only supported solution for scheduling a PTM PDSCH.
Furthermore, several issues would arise with the introduction of such C-RNTI based PDCCH:
· This leads to an ambiguity at the UE whether to use C-RNTI or G-RNTI to process the PDSCH (equivalently, differentiation between PTP PDSCH and PTM PDSCH), which shall be resolved.
· To resolve the above issue, a new field may be necessary in DCI, which could cause to the introduction of new DCI formats or the revision of the existing formats. This may lead to an increase in the complexity at the UE in terms of blind decoding.
Therefore, we believe that utilizing the C-RNTI based PDCCH for the scheduling PTM traffic may not be necessary as it complicates the design with new issues and involves the specification changes. On the other hand, G-RNTI based PDCCH does not cause any specification changes with respect to DCI formats.
Limit scheduling of G-RNTI based PDCCH to G-RNTI based PDSCH, i.e., i.e. not support C-RNTI-based PDCCH for such scheduling in Rel.17. 
Bandwidth part operation
To receive PDSCH via unicast or PTP transmission, different BWPs can be allocated flexibly within the channel BW to different UEs. However, it may not be possible to have such flexibility in terms of BWP operation when the data is transmitted in multicast or PTM manner to multiple UEs simultaneously on the same time frequency resources. 
From the network perspective, it is relatively straightforward to schedule PTM transmission to a subset of UEs that are either already operating on the same active BWP or switched to a common BWP. Alternatively, if the UEs are configured with bandwidth parts of same or different sizes, (i.e. excluding initial BWP), then configuring the UEs to common frequency resource blocks may incur additional signaling overhead because the resource allocation in DCI field is BWP specific. 
We note that the existing BWP framework allows to switch between BWPs either via RRC configuration or, for UE with capability, via dynamic indication in DCI or using an inactivity timer, which allows for at least two types of solutions that would not require any specification impact:
· The first solution is to configure the initial BWP as the only BWP for MBS UEs. This initial BWP may e.g. cover the full carrier BW. With this all MBS UEs could receive unicast and MBS over this initial BWP in RRC Connected and could also monitor this BWP in Idle/Inactive, without any BWP switch when going to/from RRC Connected.
· In the second solution MBS UEs would be configured with two BWPs, one active BWP that is used for unicasting and MBS reception, typically using the full carrier BW, and one initial BWP which covers a smaller part of the carrier BW. When the UE is in RRC Connected, but not receiving data it may switch to the default or initial BWP to save power based on the configuration. In such case, network can configure to the UEs to switch to the common BWP by means of the existing mechanisms. If the BWP switch involves RRC reconfiguration, then this may lead to additional signaling overhead and latency.
[bookmark: _Hlk54350216]The existing BWP framework can be used, i.e. with no specification impact, for the reception of MBS and unicast.
BWP switching for MBS UEs while in RRC Connected will require RRC reconfiguration of all MBS UEs at the same time, which is costly from the point of view of radio resources and latency.
If there is no partial or full BWP common across the UEs, then the network can utilize the initial BWP for scheduling the PTM transmission. In such case, it is up to the network implementation to make sure during initial access that there exist sufficient resource blocks in the initial BWP to transmit PDSCH.
Fall back to default/initial BWP mechanisms can be used to switch to the MBS bandwidth, at the condition on the no activity on all the active BWPs for the MBS UEs. 
Based on the previous observations, it is clear that the best option to schedule a common PDSCH over common resources is to have UEs use a common BWP, and use either dynamic switching or RRC reconfiguration toward the MBS BWP to align all the MBS UEs BWPs if the UEs are not operating on such a common BWP.
[bookmark: _Toc54300990]The existing framework for BWP management is sufficient for ensuring all UEs in MBS share the same BWP during common PDSCH transmission. The common BWP is either an MBS specific bandwidth part or the initial bandwidth part. Transmission over a common frequency resource within each UE dedicated BWP is not supported.
TDM and FDM
The current agreement about FDM multiplexing depends on a UE capability to multiplex unicast and group common PDSCH, with associated parallel processing. We note that this is being based on UE capability (optional). 
We do however not see any UE impact in supporting TDM between slots, including type B slot configurations, and assume it to be  supported as it is already part of rel16 NR core functionalities(mandatory).Thus our preferred approach with TDM of unicast and group common PDSCH is to reuse the slot-based TDM framework, including type B slot configurations for UEs with the capability. 
For TDM within a slot there are UE processing capability constrains in the specification. A UE has to support one unicast PDSCH per slot (capability 5.2 in 38.822) but may support additional unicast PDSCH based on reported capability (capability 5.11x in 38.822).
As long as the scheduling of unicast and multicast within the same slot follows the UE capability these rules such intra-slot TDM should be possible, based on UE capability.
For RRC_CONNECTED UEs, support inter-slot TDM between unicast PDSCH and group-common PDSCH in different slots as a core MBS functionality.
For RRC_CONNECTED UEs, at least support intra-slot TDM of unicast PDSCH and group-common PDSCH in a slot subject to UE capability.

SDM of unicast and group common PDSCH can be realized based on the multi TRP framework. However, this framework is, as of release 16, only designed for intra-cell multi-TRP. It is not yet clear how a group common PDSCH could be transmitted with spatial multiplexing with a unicast transmission, given the fact that the group common PDSCH will most likely be transmitted via a broad beam to cover the UE group. This will make difficult for the scheduler to derive a low-interference layer suitable for unicast SDM. Therefore we propose to postpone supporting SDM between unicast and group common PDSCH until feasibility can be established. 
[bookmark: _Toc54300995]For RRC_CONNECTED UEs, SDM of unicast PDSCH and group-common PDSCH is not pursued in rel17.
	Conclusion
In the previous sections, we made the following observations:
1. The existing BWP framework can be used, i.e. with no specification impact, for the reception of MBS and unicast.
1. BWP switching for MBS UEs while in RRC Connected will require RRC reconfiguration of all MBS UEs at the same time, which is costly from the point of view of radio resources and latency.
1. Fall back to default/initial BWP mechanisms can be used to switch to the MBS bandwidth, at the condition on the no activity on all the active BWPs for the MBS UEs.
Based on the discussion in the previous sections we propose the following:
1. Limit scheduling of G-RNTI based PDCCH to G-RNTI based PDSCH, i.e., i.e. not support C-RNTI-based PDCCH for such scheduling in Rel.17. 
1. The existing framework for BWP management is sufficient for ensuring all UEs in MBS share the same BWP during common PDSCH transmission. The common BWP is either an MBS specific bandwidth part or the initial bandwidth part. Transmission over a common frequency resource within each UE dedicated BWP is not supported.
1. For RRC_CONNECTED UEs, support inter-slot TDM between unicast PDSCH and group-common PDSCH in different slots as a core MBS functionality.
1. For RRC_CONNECTED UEs, at least support intra-slot TDM of unicast PDSCH and group-common PDSCH in a slot subject to UE capability.
1. For RRC_CONNECTED UEs, SDM of unicast PDSCH and group-common PDSCH is not pursued in rel17.
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