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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
In this contribution, we share our views on other issues for URLLC. 
2. [bookmark: OLE_LINK6]Remaining issues for DL SPS
2.1. Collision handling for multiple DL SPS configuration
In the last e-meeting, following agreement was made in case of a UE not indicating a capability to receive more than one unicast PDSCH per slot [1].
Agreements:
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 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.
In Rel-15, different capabilities are defined for the number of PDSCHs UE is capable of receiving in a slot, such as 2, 4 or 7. Therefore, this agreement can be extended for a more general case of a UE indicating a capability to receive X PDSCHs in a slot, but the UE is configured to receive more than X SPS PDSCHs in a slot as proposed by following:
[bookmark: _Ref37174673][bookmark: _Ref32519433]Proposal 1: For a UE indicating a capability to receive X unicast PDSCHs per slot per serving cell, a UE is not required to receive SPS PDSCHs other than the Y non-overlapped SPS PDSCHs with the lowest SPS configuration index among SPS PDSCHs in a slot, where Y<=X, 
· The UE shall report HARQ-ACK feedback only for the Y non-overlapped SPS PDSCHs with the lowest SPS configuration index(es) among SPS PDSCHs in the slot.
In the last e-meeting, regarding UE behavior for SPS PDSCH collision in a group, two options were discussed as below.
· 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
For option 1, the definition for “the group” of overlapping SPS PDSCHs is unclear. In addition, option 1 results in unnecessary dropping of SPS PDSCHs.
For option 2, clear definition of “the group” is given and option 2 can achieve the best performance. In addition, option 2 can be a unified solution for the following different cases:
1) Overlapping of a group of SPS PDSCHs
2) When UE is indicated a capability to receive a number of X PDSCHs in a slot, but UE is configured to receive more than X SPS PDSCHs in a slot regardless of whether SPS PDSCHs are overlapped or not
3) Overlapping between SPS PDSCH and dynamic PDSCH.
a) For this case, it can be handled in the same way as SPS PDSCHs only case by assuming dynamic PDSCH as one SPS PDSCH with the lowest SPS configuration index.
Proposal 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
Proposal 3: For the collision between a group of SPS PDSCHs and dynamic PDSCH, it is handled in the same way as overlapping of SPS PDSCHs by assuming dynamic PDSCH as one SPS PDSCH with the lowest SPS configuration index.
2.2. SPS PDSCH release for a UE with the capability of single PDSCH decoding per slot 
The issue was extensively discussed in the last e-meeting. As summarized in [2], for a UE not indicating a capability to receive more than one unicast PDSCH per slot, with Type-1 HARQ-ACK codebook, Rel-15 does not support SPS release and unicast PDSCH to be transmitted in the same slot. For a UE not indicating a capability to receive more than one unicast PDSCH per slot, there is only a single HARQ-ACK bit for each slot. Therefore, such restriction is to avoid HARQ-ACK codebook generation issue. The restriction does not result in much problem in Rel-15 since the supported SPS periodicity is larger than one slot and it is not difficult for the gNB to find a different slot to transmit SPS release and SPS PDSCH. However, in Rel-16, short SPS periodicity down to 1-slot periodicity is supported, then for the UE of capable of only a single PDSCH decoding per slot, with above Rel.15 restriction, there will be the issue that the gNB would never have a chance to transmit a SPS release.
Two options are listed below for further consideration.
· Option 1: For a UE not indicating a capability to receive more than one unicast PDSCH per slot,
· The UE does not expect to receive SPS PDSCH release and unicast PDSCH in a same slot associated with the same PUCCH slot
· Option 2: It is RAN1 understanding from the current specification that a UE can receive SPS PDSCH release in a slot where SPS PDSCH is to be transmitted
For option 1, to support the 1-slot SPS periodicity for UEs without capable of receiving more than one unicast PDSCH per slot, the associated HARQ-ACK feedback timing should be in different slot. It should be the common understanding that if gNB plans to send the SPS release PDCCH in a slot, then the gNB will not schedule the SPS PDSCH in the same slot. Then with option 1, although gNB does not transmit the SPS PDSCH when it transmits the SPS release PDCCH, the UE is still required to generate the HARQ-ACK i.e., NACK for the “virtual” SPS PDSCH. It is not a big problem from the HARQ-ACK feedback perspective. However, it requires UE to store the garbage i.e., “virtual” SPS PDSCH in its soft-buffer, and UE will keep monitoring the re-scheduling DCI for the “failed” SPS PDSCH, which increase the UE power consumption and complexity. 
In addition, for option 1, further clarifications or discussions are necessary. First, not only for slot-based PUCCH, a SPS PDSCH configured with sub-slot PUCCH should also be taken into account. Second, it may not be sufficient to just say “The UE does not expect to receive SPS PDSCH release and unicast PDSCH in a same slot associated with the same PUCCH slot”, it is necessary to discuss how to define the timing order for the HARQ-ACK feedback for SPS PDCCH release and SPS PDSCH so that “OoO-alike” will not occur, since strictly speaking, SPS release PDCCH does not schedule any HARQ process. 

For option 2, our view is it cannot be supported without specification impact since different from Rel.15, it requires the UE to monitor the SPS release PDCCH in the same slot where the SPS PDSCH is configured. The key point for option 2 is that the UE once decodes the SPS release PDCCH, it does not need to process the SPS PDSCH or does not need to generate the HARQ-ACK for SPS PDSCH. Given that the Rel.15 dynamic SFI i.e., DCI format 2_0 can cancel the reception of SPS PDSCH that is configured in semi-static flexible symbols without defining any timeline, processing a PDCCH should be faster than processing a PDSCH (including HARQ-ACK generation and transmission preparation). Therefore, it is sufficient from our perspective to just define that for a UE not indicating a capability to receive more than one unicast PDSCH per slot, 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. 

Proposal 4: For a UE not indicating a capability to receive more than one unicast PDSCH per slot, the UE does not expect to receive the PDCCH with SPS PDSCH release such that the PDCCH ends after the last symbol of the SPS PDSCH. 

2.3. DL SPS skipping
In Rel-15, DL SPS is used for VoIP traffic and minimum periodicity of SPS is 10 ms. If DL SPS is configured, gNB will transmit SPS PDSCH in every SPS PDSCH occasion and UE needs to decode PDSCH in each occasion. 
For eURLLC in Rel-16, DL URLLC traffic needs to be supported. As agreed, short periodicity down to 1 slot is supported for DL SPS to reduce the latency. DL SPS is used by the network to reduce control overhead for such dense and periodic traffic. If there is DL quasi-periodic traffic with fixed packet size and low latency requirement, gNB can configured and activate a much shorter DL SPS periodicity for control overhead reduction. In such case, gNB may not need to transmit SPS PDSCH in each PDSCH occasion, i.e. gNB can skip SPS PDSCH transmission if there is no DL traffic. In such assumption, when UE is configured DL SPS, UE can perform DMRS detection in a PDSCH occasion to determine whether PDSCH is transmitted and and skip decoding SPS PDSCH in the PDSCH occasion when DMRS is not detected. It is beneficial for UE power saving. An example is shown in the Figure 6.


Figure 6: DL SPS with skipping
[bookmark: _Ref20989432]Proposal 5: gNB may skip the DL SPS PDSCH transmission and UE can perform DMRS detection in a PDSCH occasion and decode the PDSCH only when the corresponding DMRS is detected. 

3. [bookmark: OLE_LINK16]Conclusion
In this contribution, we provide our views on other issues for URLLC. The proposals are summarized below.
Proposal 1: For a UE indicating a capability to receive X unicast PDSCHs per slot per serving cell, a UE is not required to receive SPS PDSCHs other than the Y non-overlapped SPS PDSCHs with the lowest SPS configuration index among SPS PDSCHs in a slot, where Y<=X, 
· The UE shall report HARQ-ACK feedback only for the Y non-overlapped SPS PDSCHs with the lowest SPS configuration index(es) among SPS PDSCHs in the slot.
Proposal 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
Proposal 3: For the collision between a group of SPS PDSCHs and dynamic PDSCH, it is handled in the same way as overlapping of SPS PDSCHs by assuming dynamic PDSCH as one SPS PDSCH with the lowest SPS configuration index.
Proposal 4: For a UE not indicating a capability to receive more than one unicast PDSCH per slot, the UE does not expect to receive the PDCCH with SPS PDSCH release such that the PDCCH ends after the last symbol of the SPS PDSCH. 
Proposal 5: gNB may skip the DL SPS PDSCH transmission and UE can perform DMRS detection in a PDSCH occasion and decode the PDSCH only when the corresponding DMRS is detected. 
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