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1. [bookmark: _Toc120549591]Introduction
In this contribution, one issue about the clarification of FDMed unicast PDSCH and group-common PDSCH capability will be discussed.
2. Discussion
Related agreements:
The supporting of FDMed unicast PDSCH and GC-PDSCH was first agreed in RAN1#102-e meeting without the definition that the unicast PDSCH or GC-PDSCH is for dynamic scheduling or SPS:
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.
And then in RAN1#103-e meeting, the support of multicast SPS was agreed, and we don’t have another agreement to clarify whether the FDMed unicast SPS PDSCH and multicast SPS PDSCH as well as FDMed between DG and SPS is supported or not: 
Agreements: Support SPS group-common PDSCH for MBS for RRC_CONNECTED UEs
· FFS: use group-common PDCCH or UE-specific PDCCH for SPS group-common PDSCH activation/deactivation
· FFS: whether to support more than one SPS group-common PDSCH configuration per UE
· FFS: whether and how uplink feedback could be configured
· FFS: retransmission of SPS group-common PDSCH

Specification analysis:
TS 38.306 h20:
In current TS 38.306 h20 [1], the pre-requisite of FDM capability is only dynamic scheduling, that is FDM is only supported to DG PDSCH. Neither FDM between SPS PDSCHs nor between DG PDSCH and SPS PDSCH are not supported by this UE capability.
	fdm-MulticastUnicast-r17
Indicates whether the UE supports FDM between one unicast PDSCH and one group-common PDSCH for multicast in RRC CONNECTED in a slot.

A UE supporting this feature shall also indicate support of dynamicMulticastPCell-r17.
	FSPC
	No
	N/A
	N/A



TS 38.214 h30:
In current TS 38.214 [2], the description FDM between unicast PDSCH and group-common PDSCH including both dynamic PDSCH and SPS PDSCH as the following:
If the UE is capable of receiving FDMed unicast and multicast PDSCH per slot per carrier, the UE shall be able to decode a PDSCH scheduled with C-RNTI/CS-RNTI and a PDSCH scheduled with G-RNTI for multicast/G-CS-RNTI that partially or fully overlap in time in non-overlapping PRBs. 
However, the SPS collision handling between FDMed unicast SPS and multicast SPS and collision handling between unicast DG and multicast SPS are still missed in TS 38.214.
From the specification analysis, we can see that the miss-alignment between TS 38.306 and TS 38.214 about the definition of FDMed unicast PDSCH and group-common PDSCH. In addition, the specification correction on TS 38.214 is needed regardless which PDSCH type is supported in FDMed case. Therefore, we should clarify the FDMed unicast PDSCH and group-common PDSCH capability and further complete the specification. 

Clarification of FDMed unicast and GC-PDSCH:
[bookmark: _Hlk118226369]Generally, there’re two cases need discussion, including FDMed unicast SPS PDSCH and multicast SPS PDSCH and FDMed unicast DG PDSCH and multicast SPS PDSCH or unicast SPS PDSCH and multicast/broadcast DG PDSCH.
1) FDMed unicast SPS and multicast SPS:
The FDMed unicast and multicast SPS PDSCH collision handling method has been discussed since the beginning of this year and not converged, especially considering the case UE supports both TDMed SPS PDSCH capability and FDMed SPS PDSCH capability. In addition, as some companies commented, the FDMed SPS PDSCH will increase the UE complexity and also against the WID.
[bookmark: _Hlk118379388]2) FDMed unicast DG and multicast SPS or unicast SPS and multicast/broadcast DG:
Some companies also want to support different PDSCH types in FDMed case, such as FDMed unicast DG PDSCH and multicast SPS PDSCH or unicast SPS PDSCH and multicast/broadcast DG PDSCH. One consequent spec impact is the collision handling between DG PDSCH and SPS PDSCH. 
In legacy unicast DG PDSCH and SPS PDSCH collision handling, UE will receive the DG PDSCH when DG PDSCH and SPS PDSCH collides in time domain, but the PDCCH scheduling the PDSCH should end at least 14[image: ] symbols before the earliest starting symbol of the SPS PDSCH(s) as in Figure 1.


Figure 1. legacy unicast DG and SPS PDSCH collision handling
If FDMed unicast DG PDSCH and multicast SPS PDSCH or FDMed unicast SPS PDSCH and multicast/broadcast DG PDSCH is supported, the following collision cases should be considered:
· Scenario 1: UE only supports FDM capability, including the following PDSCH collision cases as in Figure 2, case#1-1: partially overlap in frequency domain and fully or partially overlap in time domain, case#1-2: fully overlap in frequency domain and fully or partially overlap in time domain, and case#1-3: non-overlap in time domain.


Case#1-1       Case#1-2        Case#1-3
Figure 2. Collision cases when UE only supports FDM capability
· Scenario 2: UE supports both FDM capability and TDM capability which including the following PDSCH collision case that two PDSCHs both overlap in time and frequency domain as in Figure 3.


Case#2-1
Figure 3. Collision cases when UE supports both FDM capability and TDM capability
When the collision happens, collision handling rule should be defined, e.g., UE decodes the DG PDSCH if the timeline of PDCCH is satisfied similar to the legacy unicast behaviour. Regarding the PDCCH timeline, for case#1-1, #1-2 and #2-1, the same timeline of legacy unicast behaviour can be re-used, i.e., the PDCCH scheduling the PDSCH should end at least 14[image: ] symbols before the earliest starting symbol of the SPS PDSCH(s). But for case#1-3 if the DG PDSCH is transmitted before SPS PDSCH in one slot as in Figure 4, the at least 14[image: ] symbols may not enough for UE to decode DG PDSCH and drop SPS PDSCH compared with legacy unicast case in Figure 1.


Figure 4. Collision handling for case#1-3
That is if we support FDMed unicast DG PDSCH and multicast SPS PDSCH or FDMed unicast SPS PDSCH and multicast/broadcast DG PDSCH, more collision cases should be described in specification considering different UE capabilities, and the PDCCH timeline also needs further discussion with more spec impacts.
In a summary, considering the specs effort in this stage and the FDM between unicast DG PDSCH and DG GC-PDSCH, including both multicast and broadcast have been supported in specification which gives gNB much flexibility, it should be clarified that the unicast PDSCH and group-common PDSCH can only be dynamically scheduled in the FDMed unicast PDSCH and group-common PDSCH case.
Proposal 1. It is clarified that for the FDMed unicast PDSCH and group-common PDSCH capability of RRC_CONNECTED UE, the unicast PDSCH and group-common PDSCH can only be dynamically scheduled.

Consequent CRs:
The sequent specification corrections including to remove the “CS-RNTI” and “G-CS-RNTI” in the FDMed PDSCH capability description in TS 38.214. The draft CR can be found in our contribution [3].
Proposal 2. Adopt the draft CR in R1-2211660.
Another specification correction is the SPS PDSCH and DG PDSCH collision handling. Since we don’t support the FDM between DG PDSCH and SPS PDSCH, we only need to consider the TDM SPS PDSCH and DG PDSCH collision case and the legacy unicast DG PDSCH and SPS PDSCH collision handling rule can be re-used. The draft CR can be found in our contribution [4].
Proposal 3. Adopt the draft CR in R1-2211661.
3. Conclusions
In this contribution, one issue about the clarification of FDMed unicast PDSCH and group-common PDSCH capability is discussed, and the following proposals are made.
Proposal 1. It is clarified that for the FDMed unicast PDSCH and group-common PDSCH capability of RRC_CONNECTED UE, the unicast PDSCH and group-common PDSCH can only be dynamically scheduled.
Proposal 2. Adopt the draft CR in R1-2211660.
Proposal 3. Adopt the draft CR in R1-2211661.
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