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Introduction
In this contribution, we provide our views on the discussed the remaining issues for overlapping multiple SPS PDSCHs.
Overlapping SPS PDSCHs
In RAN1#99 meeting, the following working assumption on DL SPS was achieved:
	Working assumption:
[bookmark: _Hlk30612715]In case of collision only between more than one SPS PDSCHs each without a corresponding PDCCH, a UE is not required to decode SPS PDSCHs other than the SPS PDSCH with the lowest SPS configuration index among collided SPS PDSCHs.   
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]The UE shall report HARQ-ACK feedback only for the SPS PDSCH with the lowest SPS configuration index among collided SPS PDSCHs



Although the WA was indicating that a UE is not required to decode SPS PDSCHs other than the SPS PDSCH with the lowest SPS configuration index among collided SPS PDSCHs, there was a discussion in RAN1#100e on how to determine overlapping SPS PDSCHs among a group of SPS PDSCHs [1]. The following two options have been suggested:
Option 1: In case of collision in time domain among SPS PDSCHs each without a corresponding PDCCH, a UE receives and decodes only one of SPS PDSCHs with the lowest SPS configuration index within a group of overlapping SPS PDSCHs on the same serving cell. 
· A SPS PDSCH belongs to a group of overlapping SPS PDSCHs
· If its SLIV is within the starting symbol of the first SPS PDSCH in that group, and the last symbol of the last SPS PDSCH in that group, and
· If this SPS PDSCH overlaps in time at least with another SPS PDSCH on the same serving cell in a slot, and
· If the starting and ending symbols of this SPS PDSCH overlaps in time at least with another SPS PDSCH on the same serving cell in a slot if the SPS PDSCH is neither the first nor the last SPS PDSCH in the group.

Option 2: In case of collision in time domain among SPS PDSCHs each without a corresponding PDCCH, a UE receives and decodes one or more of SPS PDSCHs within a group of overlapping SPS PDSCHs on the same serving cell according to the following procedure.
· Step 0: set j=0-number of selected PDSCH for decoding. Set Q to set of activated SPS PDSCHs within a slot
· Step 1: A UE receives and decodes one of SPS PDSCHs with the lowest SPS configuration index within Q, set j=j+1. Designate the received SPS PDSCH as survivor SPS PDSCH.
· Step 2: The received/decoded SPS PDSCH and any other SPS PDSCH(s) overlapping, even partially, the survivor SPS PDSCH are excluded from Q. 
· Step 3: Repeat step 1 and 2 until the group is empty or j≥N, where N is the number of unicast PDSCHs in a slot supported by the UE.

In RAN1#100e, Option 1 has been agreed for a UE not indicating a capability to receive more than one unicast PDSCH per slot.
	Agreement:
For a UE not indicating a capability to receive more than one unicast PDSCH per slot, in a slot with more than one SPS PDSCHs each without a corresponding PDCCH and no dynamic scheduled PDSCH and/or for SPS PDSCH release, a UE is not required to receive SPS PDSCHs other than the SPS PDSCH with the lowest SPS configuration index among SPS PDSCHs in a slot (regardless of whether SPS PDSCHs are overlapped or not).
· The UE shall report HARQ-ACK feedback only for the SPS PDSCH with the lowest SPS configuration index among SPS PDSCHs in the slot.



Still the discussion for a UE indicating a capability to receive more than one unicast PDSCH per slot.
Although Option-2 might allow for receiving more PDSCHs, the chances of making use of it are very limited.
· The number of received PDSCHs per slot is limited by the UE capability, if the UE is reported receiving only one PDSCH per slot, then Option-2 becomes obsolete which what led to the agreement above.
· Even if the UE support the reception of more than one PDSCH per slot, Option-2 could add value only in very limited conditions:
1) If the number of the overlapped SPS PDSCHs is two, Option-1 and Option-2 will result the same outcome
2) If the SPS PDSCH with the lowest index overlaps with all the SPS PDSCHs with higher indices (as illustrated in Figure 1), Option-1 and Option-2 will result the same outcome.

[image: ] 
[bookmark: _Ref32596404]Figure 1: High-priority SPS overlaps with multiple low-priority SPS PDSCHs.
3) Even if for the case where Option-2 resulted in more than one non-overlapped SPS PDSCHs, it is not necessarily these PDSCHs will carry data, especially multiple SPSs are configured for the same service (due to the non-integer periodicity of the traffic). Thus, Option-1 and Option-2 will result the same outcome in terms of the received data/PDSCHs by the UE.
Option-2 could add value only in very limited conditions, i.e. the number of overlapped PDSCHs is larger than 2 where the low-priority SPS PDSCH (with higher index) is overlapping with two non-overlapped high priority SPS PDSCHs and these PDSCHs contain data in that slot. There is no use-case for having large number of overlapped SPS PDSCHs (e.g. why there is a need to have 4 overlapped SPS PDSCHs as suggested in R1-2000533). Introducing more complex procedures should be based on realistic use-cases rather than arbitrary assumptions.
Hence, we object adopting Option-2 and support to have a unified solution for all the UEs.
Proposal 1: In case of collision in time domain among SPS PDSCHs each without a corresponding PDCCH, a UE receives and decodes only one of SPS PDSCHs with the lowest SPS configuration index within a group of overlapping SPS PDSCHs on the same serving cell. 
· A SPS PDSCH belongs to a group of overlapping SPS PDSCHs
· If its SLIV is within the starting symbol of the first SPS PDSCH in that group, and the last symbol of the last SPS PDSCH in that group, and
· If this SPS PDSCH overlaps in time at least with another SPS PDSCH on the same serving cell in a slot, and
· If the starting and ending symbols of this SPS PDSCH overlaps in time at least with another SPS PDSCH on the same serving cell in a slot if the SPS PDSCH is neither the first nor the last SPS PDSCH in the group.
Overlapping dynamic PDSCH and multiple SPS PDSCHs
UE behaviour on how to resolve the collision between dynamic scheduled PDSCH and multiple SPS PDSCHs is not defined yet. To clarify UE behaviour for such case, the following two options were discussed in RAN1#100e [1]:
Option 1: At first, the UE resolves overlapped multiple SPS PDSCHs (first step) and then resolves overlapping between dynamic scheduled PDSCH and one or multiple SPS PDSCHs to be selected to decode from first step (second step).
Option 2: Under the assumption that dynamic scheduled PDSCH is considered as the lowest SPS PDSCH index, UE resolves overlapping between dynamic scheduled PDSCH and multiple SPS PDSCHs at the same time.
The following drawbacks with Option-2 have been already highlighted by several companies during RAN1#100e discussion [1]:
· Option-2 doesn’t consider the processing timeline, i.e. it assumes that the dynamically scheduled PDSCH will be always prioritized regardless of the relative arrival time compared to the overlapping SPS PDSCHs.
· If the UE misses the assignment of the dynamic PDSCH, it will cause misalignment between the UE and gNB regarding what SPS PDSCH to be received in the slot. Also, this will cause an issue for constructing the HARQ feedback codebook.
Given that there are several issues with Option-2, which don’t occur with Option-1, Option-1 should be supported.
Proposal 2: In case of dynamically scheduled PDSCH and multiple SPS PDSCHs are overlapped in time domain, at first, the UE resolves overlapped multiple SPS PDSCHs (first step) and then resolves overlapping between dynamic scheduled PDSCH and one or multiple SPS PDSCHs to be selected to decode from first step (second step).
Conclusions
In this contribution, we discussed the issue of overlapping SPS PDSCHs and we have the following proposals:
Proposal 1: In case of collision in time domain among SPS PDSCHs each without a corresponding PDCCH, a UE receives and decodes only one of SPS PDSCHs with the lowest SPS configuration index within a group of overlapping SPS PDSCHs on the same serving cell. 
· A SPS PDSCH belongs to a group of overlapping SPS PDSCHs
· If its SLIV is within the starting symbol of the first SPS PDSCH in that group, and the last symbol of the last SPS PDSCH in that group, and
· If this SPS PDSCH overlaps in time at least with another SPS PDSCH on the same serving cell in a slot, and
· If the starting and ending symbols of this SPS PDSCH overlaps in time at least with another SPS PDSCH on the same serving cell in a slot if the SPS PDSCH is neither the first nor the last SPS PDSCH in the group.

Proposal 2: In case of dynamically scheduled PDSCH and multiple SPS PDSCHs are overlapped in time domain, at first, the UE resolves overlapped multiple SPS PDSCHs (first step) and then resolves overlapping between dynamic scheduled PDSCH and one or multiple SPS PDSCHs to be selected to decode from first step (second step).
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