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1. Introduction
Based on current specification and agreements [1], following remaining issues related to SPS enhancement for Rel.16 are discussed in this contribution:
· [bookmark: _Hlk37106385]Collision between SPS PDSCHs without a corresponding PDCCH 
· The priority determination for HARQ-ACK for SPS PDSCH and SPS release
2. Collision between SPS PDSCHs without a corresponding PDCCH
In RAN1 #100-e meeting, following agreements were achieved [2]:
	Agreement
· For a UE not indicating a capability to receive more than one unicast PDSCH per slot, 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 a slot


It was agreed that for a UE not indicating a capability to receive more than one unicast PDSCH per slot, the UE receives and decodes only one of SPS PDSCHs with the lowest SPS configuration index. For a UE indicating a capability to receive more than one unicast PDSCH per slot, following two options are considered to handle the collision between among SPS PDSCHs each without a corresponding PDCCH: 
· 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, it is simple but low efficient. In some cases, SPS PDSCH(s) may be dropped unnecessarily. Option 2 is beneficial for the spectrum efficiency since UE may receive more than one non-overlapped SPS PDSCHs after the collision resolution. For example, when four SPS PDSCHs with different SPS configuration indexes are overlapped in a slot, as shown in the below Fig.1, only the SPS PDSCH with configuration index #1 can be received for option 1, while both SPS PDSCH with configuration index #1 and SPS PDSCH with configuration index #3 can be received for option 2. For Rel-16 UE, up to 8 SPS configurations can be configured on a serving cell. We believe that the given example is not a corner case. Therefore, option 2 is preferred.
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Fig.1 Collision handling for the overlapping among SPS PDSCHs each without a corresponding PDCCH
Proposal 1:
· For a UE indicating a capability to receive more than one unicast PDSCH per slot, 
· In case of collision in time domain among SPS PDSCHs each without a corresponding PDCCH, a UE can receive and decode one or more of SPS PDSCHs within a group of overlapping SPS PDSCHs on the same serving cell.
3. The priority determination for HARQ-ACK for SPS PDSCH and SPS release
Following agreements were achieved in previous meetings [3]:
	Agreements:
· Support 2-level priority of HARQ-ACK for dynamically-scheduled PDSCH and SPS PDSCH (& ACK for SPS PDSCH release) in R16. 
· Note: This does not preclude possibility of extending it in future releases.
· An explicit indication (as a new RRC parameter) in each SPS PDSCH configuration provides mapping to corresponding HARQ-ACK codebook for SPS PDSCH and ACK for SPS PDSCH release
· FFS whether/how or not to further indicate a mapping to corresponding HARQ-ACK codebook by DL SPS activation (FFS to complement or overwrite) the RRC configured indication and if so, the applicable DCI formats
Conclusion
Activation DCI complementing or overwriting the RRC configured priority of SPS PDSCH is not supported in Rel-16
Agreement 
· In Rel-16, when the SPS configurations are released by a joint release DCI, 
· Multiple SPS configurations to be released by the joint release DCI should have the same priority


In Rel-16, for a UE with multiple services, two-level priority for UL transmission is defined. The priority information of UL transmission is used to handle the overlapping between more than one UL transmissions. Regarding the HARQ-ACK priority determination for SPS PDSCH reception, it was agreed that the priority of HARQ-ACK for SPS PDSCH and SPS PDSCH release is explicitly indicated by an RRC parameter.  However, it is not clearly captured in current TS 38.213 specification. Therefore, following TP is proposed:
Proposal 2:
· Adopt following TP in TS 38.213 section 9 and section 9.1
	9	UE procedure for reporting control information 
[…]
 A PUSCH or a PUCCH, including repetitions if any, can be of priority index 0 or of priority index 1. If a priority index is not provided for a PUSCH or a PUCCH, the priority index is 0. If in an active DL BWP a UE monitors PDCCH either for detection of DCI format 0_1 and DCI format 1_1 or for detection of DCI format 0_2 and DCI format 1_2, a priority index can be provided by a priority indicator field except for a HARQ-ACK in response to a SPS PDSCH and a PDCCH indicating a SPS PDSCH release, of which the priority is provided by higher layer. If a UE indicates a capability to monitor, in an active DL BWP, PDCCH for detection of DCI format 0_1 and DCI format 1_1 and for detection of DCI format 0_2 and DCI format 1_2, a DCI format 0_1 or a DCI format 0_2 can schedule a PUSCH transmission of any priority and a DCI format 1_1 or a DCI format 1_2 can schedule a PDSCH reception and trigger a PUCCH transmission with corresponding HARQ-ACK information of any priority. If, after resolving overlapping for PUCCH and/or PUSCH transmissions of a same priority index, a UE determines to transmit
-	a first PUCCH of larger priority index, a PUSCH or a second PUCCH of smaller priority index, and a transmission of the first PUCCH would overlap in time with a transmission of the PUSCH or the second PUCCH, the UE does not transmit the PUSCH or the second PUCCH
-	a PUSCH of larger priority index, a PUCCH of smaller priority index, and a transmission of the PUSCH would overlap in time with a transmission of the PUCCH, the UE does not transmit the PUCCH 
-	a first PUSCH of larger priority index on a serving cell, a second PUSCH of smaller priority index on the serving cell, and a transmission of the first PUSCH would overlap in time with a transmission of the second PUSCH, the UE does not transmit the second PUSCH, where at least one of the two PUSCH is not scheduled by a DCI format 
In the remaining of this Clause, a UE multiplexes UCIs with same priority index in a PUCCH or a PUSCH. A PUCCH or a PUSCH is assumed to have a same priority index as a priority index of UCIs a UE multiplexes in the PUCCH or the PUSCH.
[…]



	[bookmark: _Toc12021467][bookmark: _Toc20311579][bookmark: _Toc26719404][bookmark: _Toc29894837][bookmark: _Toc29899136][bookmark: _Toc29899554][bookmark: _Toc29917291]9.1	HARQ-ACK codebook determination
If a UE is provided pdsch-HARQ-ACK-Codebook-List, the UE can be indicated by pdsch-HARQ-ACK-Codebook-List to generate one or two HARQ-ACK codebooks. If the UE is indicated to generate two HARQ-ACK codebooks
-	a first HARQ-ACK codebook is associated with a PUCCH of priority index 0 and a second HARQ-ACK codebook is associated with a PUCCH of priority index 1
-	the UE is provided first and second for each of {PUCCH-Config, UCI-OnPUSCH, PDSCH-codeBlockGroupTransmission} by {PUCCHConfigurationList, UCI-OnPUSCH-List, PDSCH-CodeBlockGroupTransmission-List}, respectively, for use with the first and second HARQ-ACK codebooks, respectively
If a UE receives a PDSCH without receiving a corresponding PDCCH, or if the UE receives a PDCCH indicating a SPS PDSCH release, the UE generates one corresponding HARQ-ACK information bit. If the UE generates two HARQ-ACK codebooks, the UE is indicated by harq-CodebookID, per SPS PDSCH configuration, a HARQ-ACK codebook index for multiplexing the corresponding HARQ-ACK information bit with same priority. The priority index is 0 for HARQ-ACK for SPS PDSCH or a SPS PDSCH release if the associated HARQ-ACK codebook configured with the harq-CodebookID value 1. The priority index is 1 for HARQ-ACK for SPS PDSCH or a SPS PDSCH release if the associated HARQ-ACK codebook configured with the harq-CodebookID value 2. UE doesn’t expect a multiple SPS PDSCH release by a single DCI format to release multiple SPS configuration with different harq-CodebookID values.
[…]



4. Conclusion
In this contribution, we discuss the remaining issues for SPS enhancement for Rel. 16 URLLC. Following are the summary:
Proposal 1:
· For a UE indicating a capability to receive more than one unicast PDSCH per slot, 
· In case of collision in time domain among SPS PDSCHs each without a corresponding PDCCH, a UE can receive and decode one or more of SPS PDSCHs within a group of overlapping SPS PDSCHs on the same serving cell.
Proposal 2:
·  Adopt following TP in TS 38.213 section 9 and section 9.1
	9	UE procedure for reporting control information 
[…]
 A PUSCH or a PUCCH, including repetitions if any, can be of priority index 0 or of priority index 1. If a priority index is not provided for a PUSCH or a PUCCH, the priority index is 0. If in an active DL BWP a UE monitors PDCCH either for detection of DCI format 0_1 and DCI format 1_1 or for detection of DCI format 0_2 and DCI format 1_2, a priority index can be provided by a priority indicator field except for a HARQ-ACK in response to a SPS PDSCH and a PDCCH indicating a SPS PDSCH release, of which the priority is provided by higher layer. If a UE indicates a capability to monitor, in an active DL BWP, PDCCH for detection of DCI format 0_1 and DCI format 1_1 and for detection of DCI format 0_2 and DCI format 1_2, a DCI format 0_1 or a DCI format 0_2 can schedule a PUSCH transmission of any priority and a DCI format 1_1 or a DCI format 1_2 can schedule a PDSCH reception and trigger a PUCCH transmission with corresponding HARQ-ACK information of any priority. If, after resolving overlapping for PUCCH and/or PUSCH transmissions of a same priority index, a UE determines to transmit
-	a first PUCCH of larger priority index, a PUSCH or a second PUCCH of smaller priority index, and a transmission of the first PUCCH would overlap in time with a transmission of the PUSCH or the second PUCCH, the UE does not transmit the PUSCH or the second PUCCH
-	a PUSCH of larger priority index, a PUCCH of smaller priority index, and a transmission of the PUSCH would overlap in time with a transmission of the PUCCH, the UE does not transmit the PUCCH 
-	a first PUSCH of larger priority index on a serving cell, a second PUSCH of smaller priority index on the serving cell, and a transmission of the first PUSCH would overlap in time with a transmission of the second PUSCH, the UE does not transmit the second PUSCH, where at least one of the two PUSCH is not scheduled by a DCI format 
In the remaining of this Clause, a UE multiplexes UCIs with same priority index in a PUCCH or a PUSCH. A PUCCH or a PUSCH is assumed to have a same priority index as a priority index of UCIs a UE multiplexes in the PUCCH or the PUSCH.
[…]



	9.1	HARQ-ACK codebook determination
If a UE is provided pdsch-HARQ-ACK-Codebook-List, the UE can be indicated by pdsch-HARQ-ACK-Codebook-List to generate one or two HARQ-ACK codebooks. If the UE is indicated to generate two HARQ-ACK codebooks
-	a first HARQ-ACK codebook is associated with a PUCCH of priority index 0 and a second HARQ-ACK codebook is associated with a PUCCH of priority index 1
-	the UE is provided first and second for each of {PUCCH-Config, UCI-OnPUSCH, PDSCH-codeBlockGroupTransmission} by {PUCCHConfigurationList, UCI-OnPUSCH-List, PDSCH-CodeBlockGroupTransmission-List}, respectively, for use with the first and second HARQ-ACK codebooks, respectively
If a UE receives a PDSCH without receiving a corresponding PDCCH, or if the UE receives a PDCCH indicating a SPS PDSCH release, the UE generates one corresponding HARQ-ACK information bit. If the UE generates two HARQ-ACK codebooks, the UE is indicated by harq-CodebookID, per SPS PDSCH configuration, a HARQ-ACK codebook index for multiplexing the corresponding HARQ-ACK information bit with same priority. The priority index is 0 for HARQ-ACK for SPS PDSCH or a SPS PDSCH release if the associated HARQ-ACK codebook configured with the harq-CodebookID value 1. The priority index is 1 for HARQ-ACK for SPS PDSCH or a SPS PDSCH release if the associated HARQ-ACK codebook configured with the harq-CodebookID value 2. UE doesn’t expect a multiple SPS PDSCH release by a single DCI format to release multiple SPS configuration with different harq-CodebookID values.
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