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1 Introduction
In this contribution, we present our views on some remaining details on enhanced DL SPS for Rel-16 IIoT.
2 SPS Release DCI and SPS PDSCH occasion in same slot
With the support of DL SPS periodicities as frequent as every slot, it becomes imperative that the SPS release DCI would need to be transmitted to the UE in a slot with a SPS PDSCH occasion for the same DL SPS configuration. According to the agreed HARQ-ACK CB construction procedure, a location in the Type-1 HARQ-ACK codebook for HARQ-ACK information corresponding to a single SPS PDSCH release is same as for a corresponding SPS PDSCH reception. A location in the Type-1 HARQ-ACK codebook for HARQ-ACK information corresponding to multiple SPS PDSCH releases by a single DCI format is same as for a corresponding SPS PDSCH reception with the lowest SPS configuration index among the multiple SPS PDSCH releases. 
For UEs supporting reception of a maximum of a single unicast PDSCH per slot, the above leads to a collision of the HARQ-ACK corresponding to the release DCI and the SPS PDSCH occasion in the slot. To address this, two alternatives have been discussed so far for such UEs:  
· Alt. 1: In a slot with SPS PDSCH occasion in which the UE detects an SPS release DCI, only the HARQ-ACK for the SPS release DCI is generated and the UE is not expected to receive and report HARQ-ACK feedback for the SPS PDSCH occasion. 
· Further constraints on relative timings between the release DCI and the SPS PDSCH occasion in the slot are necessary to ensure that the processing timelines are not adversely impacted.
· Alt. 2: The UE does not expect to receive SPS PDSCH release and unicast PDSCH in a same slot associated with the same PUCCH slot.
For Alt. 1, to ensure that the UE does not run into processing timeline issues towards prioritizing the HARQ-ACK feedback for the release DCI over the SPS PDSCH, it is necessary to define the latest time such a release DCI may be received by the UE with respect to the SPS PDSCH occasion. For instance, if the PDSCH occasion occurs in the first few symbols of the slot, while the release DCI is detected at the end of the slot, it may not be possible for the UE to cancel the SPS PDSCH processing and corresponding HARQ-ACK generation in lieu of the HARQ-ACK feedback for the SPS release DCI. Therefore, under the assumption that it would take considerably less time for detection of the release DCI, as long as the release DCI ends no later than the last symbol of the SPS PDSCH occasion, the UE should be able to prioritize HARQ-ACK generation for the release DCI over the SPS PDSCH processing even if it might have started processing the PDSCH first (i.e., if the SPS PDSCH occasions starts before the release DCI monitoring occasion). 
Alt. 2 solves the core issue at hand by enforcing that the gNB indicates a different value of the K1-offset to move the HARQ-ACK transmission for the SPS release DCI to a different slot. However, this also implies that now the UE has to process both release DCI and the SPS PDSCH in a slot, and valid HARQ-ACK feedback is expected for both. This is a departure from current behavior in the direction of increased UE complexity, and considering that Alt. 1 can address the issue without incurring the additional demands on UE implementation, Alt. 1 is preferred. 
Further, for cases with multiple DL SPS configurations configured (and activated), and joint release DCI, the above can be generalized to consider the handling of the release DCI that includes at least the SPS configuration with the lowest DL SPS configuration index among the SPS configuration(s) configured to be received in the slot.
Further, for cross-carrier scheduling, both the SPS release DCI and SPS PDSCH occasion should be interpreted to correspond to the same scheduled cell, and thus, the same approach as for same-cell scheduling should apply.
Proposal 1
· For a UE not indicating a capability to receive more than one unicast PDSCH per slot, if a UE is configured to receive at least one SPS PDSCH in a slot on a serving cell, for same- or cross-carrier scheduling cases, 
· if a PDCCH with SPS PDSCH release including an SPS configuration with the lowest configuration index among the SPS configuration(s) configured to be received in the slot is received in the slot, only HARQ-ACK corresponding to the PDCCH with SPS PDSCH release is generated.
· The UE is not expected to receive the PDCCH with SPS PDSCH release such that the PDCCH ends after the last symbol of the SPS PDSCH of an SPS configuration with the lowest configuration index among the SPS configuration(s) configured to be received in the slot.
· The UE is not expected to receive a PDCCH with SPS PDSCH release which does not include an SPS configuration with the lowest configuration index among the SPS configuration(s) configured to be received in the slot.
3 Time-domain collisions involving SPS PDSCH
For UEs supporting reception of more than one unicast PDSCHs in a slot, an open issue concerns the handling of time-domain collisions between multiple SPS PDSCHs, and how to determine the set of SPS PDSCHs that are selected for reception.
The following options were discussed during RAN1 #100-E meeting:
· Opt. 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
· Opt. 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

From the above it can be observed that Opt. 1 selects a single SPS PDSCH from a group of overlapping SPS PDSCHs, wherein such a group is defined by the set of all SPS PDSCHs that have an overlap at least with one other SPS PDSCH in the group. Thus, there can be some cases wherein, e.g., for a total of three SPS PDSCHs, the first and the third PDSCH occasions both overlap with the second PDSCH but not with each other, and in such a case, only one of the three PDSCHs (the one with the lowest index) would be received by the UE. 
In contrast, Opt. 2, at the expense of increased complexity, optimizes further by considering all SPS PDSCH occasions in the slot to identify the set of non-overlapping PDSCHs, and the UE would be expected to receive all non-overlapping PDSCHs in the slot, subject to the maximum number of unicast PDSCHs the UE can receive in the slot. Here, it should be noted that in many cases, depending on the exact overlaps between the different SPS occasions and their relative indices, in many cases, Opt. 1 and Opt. 2 would yield the same outcome. 
Furthermore, another related issue is the case with overlaps with dynamically scheduled PDSCHs (note that dynamically scheduled PDSCHs are to be prioritized over SPS PDSCH if former overlaps with the latter). For such scenarios, it has been suggested that Opt. 2 can further incorporate consideration of the dynamically scheduled PDSCH in the above pseudo-code in determining the set of selected PDSCHs to be received by the UE. Such an approach results in new challenges w.r.t. processing time-lines as the scheduling of the dynamically assigned PDSCH is not known a priori, leading to significant complications for both UE implementation and specifications. However, the performance advantage from the significantly higher complexity following Opt. 2 and joint consideration of dynamically assigned PDSCH is not justified. Instead, it would be much more reasonable to resolve the set of SPS PDSCHs to receive following Opt. 1, and then, consider any overlaps between any dynamically assigned PDSCH and the surviving SPS PDSCH occasions following the selection procedure in Opt. 1. 

Proposal 2
· For UEs supporting multiple unicast PDSCH reception in a slot, Opt. 1 is followed to determine the set of SPS PDSCHs to be received in a slot
· 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 3
· In case of overlap of one or more SPS PDSCHs and dynamically assigned PDSCH in a slot, the UE first selects the set of SPS PDSCHs to be received following Opt. 1, and then determines the final set of SPS PDSCHs by dropping those from the selected set that overlap with the dynamically assigned PDSCH.
4 Conclusions
In this contribution, we discussed some remaining issues for enhanced DL SPS for Rel-16 IIoT, and the following proposals are made:
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· For a UE not indicating a capability to receive more than one unicast PDSCH per slot, if a UE is configured to receive at least one SPS PDSCH in a slot on a serving cell, for same- or cross-carrier scheduling cases, 
· if a PDCCH with SPS PDSCH release including an SPS configuration with the lowest configuration index among the SPS configuration(s) configured to be received in the slot is received in the slot, only HARQ-ACK corresponding to the PDCCH with SPS PDSCH release is generated.
· The UE is not expected to receive the PDCCH with SPS PDSCH release such that the PDCCH ends after the last symbol of the SPS PDSCH of an SPS configuration with the lowest configuration index among the SPS configuration(s) configured to be received in the slot.
· The UE is not expected to receive a PDCCH with SPS PDSCH release which does not include an SPS configuration with the lowest configuration index among the SPS configuration(s) configured to be received in the slot.
Proposal 2
· For UEs supporting multiple unicast PDSCH reception in a slot, Opt. 1 is followed to determine the set of SPS PDSCHs to be received in a slot
· 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 3
· In case of overlap of one or more SPS PDSCHs and dynamically assigned PDSCH in a slot, the UE first selects the set of SPS PDSCHs to be received following Opt. 1, and then determines the final set of SPS PDSCHs by dropping those from the selected set that overlap with the dynamically assigned PDSCH.
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