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1	Introduction
In this contribution, we summarize our input to the maintenance discussions on SPS enhancements of Rel-16 URLLC & IIoT enhancements. Section 2 discusses identified issues already discussed in the RAN1#100bis-e email discussions [1-3], whereas Section 3 focuses on issues not discussed in the e-meetings yet (at least not after prioritization). 	
2	Remaining issues from RAN1#100bis-e email discussions
2.1 Collision handling between multiple SPS PDSCHs and dynamic PDSCH (email#1)
The following agreement and text proposal were agreed in RAN1#100bis-e email thread#1 as reported in R1-2003000: 
	5.1        UE procedure for receiving the physical downlink shared channel
<Unchanged text is omitted>
The UE is not expected to decode a PDSCH scheduled in a serving cell with C-RNTI or MCS-C-RNTI and another PDSCH scheduled in the same serving cell with CS-RNTI if the PDSCHs partially or fully overlap in time after resolving overlapping for PDSCHs without corresponding PDCCH transmissions except if the PDCCH scheduling the PDSCH with C-RNTI or MCS-C-RNTI ends at least 14 symbols before the start of the PDSCH with CS-RNTI without the corresponding DCI, in which case the UE shall decode the PDSCH scheduled with C-RNTI or MCS-C-RNTI.
<Unchanged text is omitted>



	Agreements: 
If dynamic scheduled PDSCH is overlapped with multiple SPS PDSCHs after resolving overlapping for SPS PDSCHs, the reference SPS PDSCH for the 14 symbols is an SPS PDSCH having the earliest starting symbol among SPS PDSCHs overlapped with dynamic scheduled PDSCH after resolving overlapping for SPS PDSCHs. 



In case of collisions between multiple SPS PDSCHs and dynamic PDSCH, in current specifications it is clear that none of the SPS PDSCHs are received if the DCI scheduling the dynamic PDSCH ends at least 14 symbols before the start of the SPS PDSCH having the earliest starting symbol among SPS PDSCHs overlapped (i.e. only dynamic PDSCH is received). 
However, if the 14-symbol timeline is not fulfilled between the first SPS PDSCH and the DL assignment, it is unclear how the UE should handle other overlapping SPS PDSCHs which fulfil the cancellation timeline. For instance, with respect to SPS PDSCH 2 in Figure 1, possible interpretations of the specifications are the following: 
· Alt. 1: The UE shall receive/decode SPS PDSCH 2 since it starts at least 14 symbols after the end of the DCI scheduling the dynamic PDSCH; or
· Alt. 2: SPS PDSCH 2 shall not be received since there is a dynamic PDSCH scheduled on overlapping resources. 
Note that, regardless of the interpretation, HARQ-ACK feedback is generated in the same way since it has been agreed to generate HARQ-ACK feedback for a SPS PDSCH that is cancelled by DCI/dynamic SFI. However, we believe the UE decoding behaviour should be clarified and, although we don’t have a strong preference, alternative 2 seems the most reasonable one.
Proposal 1: If the 14-symbol timeline for overwriting SPS PDSCH with a dynamic PDSCH is not fulfilled for a first SPS PDSCH, but fulfilled for subsequent SPS PDSCH(s), the UE does not receive any of the SPS PDSCHs overlapping with the dynamic PDSCH.  

[image: ]
[bookmark: _Ref39754589]Figure 1: Dynamic PDSCH overlapped with multiple SPS PDSCHs.
2.2 Removing restriction of at most 1 bit of HARQ-ACK feedback on a PUCCH for single SPS PDSCH configuration for type-2 codebook (email#2)
The text proposal below was agreed in RAN1#100-bis-e email thread#2 as reported in R1-2003001 to remove the overall restriction of at most 1 bit of HARQ-ACK feedback on a PUCCH for single SPS PDSCH configuration. This is needed to allow operation with short SPS periodicity, e.g. 1 slot, when DL SCS is greater than UL SCS.
	[bookmark: _Hlk40006010]Agreed text proposal for section 9.1 in TS 38.213:
9.1      HARQ-ACK codebook determination	
<Unchanged text is omitted>
A UE does not expect to be indicated to transmit HARQ-ACK information for more than one SPS PDSCH reception in a same PUCCH if the UE is provided a single SPS PDSCH configuration in a cell group.



One remaining issue is to allow multiple SPS HARQ-ACK feedback bits for Type-2 codebook, which we address with the following proposal:
Proposal 2: Adopt the following text proposal to allow more than 1 bit of SPS PDSCH HARQ-ACK feedback in a Type-2 Codebook when a single SPS PDSCH reception is activated for a UE:
	Text proposal to Section 9.1.3.1 in TS 38.213:
[bookmark: _Ref500250940][bookmark: _Toc12021473][bookmark: _Toc20311585][bookmark: _Toc26719410][bookmark: _Toc29894843][bookmark: _Toc29899142][bookmark: _Toc29899560][bookmark: _Toc29917297][bookmark: _Toc36498171]9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel
<Unchanged text is omitted>
if a single SPS PDSCH reception is activated for a UE:
Set [image: ] 
while [image: ]
Set  to the number of DL slots with a configured SPS PDSCH reception on serving cell  with HARQ-ACK information multiplexed on the PUCCH 
Set  – slot index 
while 
if a single SPS PDSCH reception is activated for a UE and the UE is configured to receive SPS PDSCH in a slot [image: ] for serving cell [image: ], where [image: ] is the PDSCH-to-HARQ-feedback timing value for SPS PDSCH on serving cell [image: ]
[image: ]
[image: ]= HARQ-ACK information bit associated with the SPS PDSCH reception in slot   

end if
end while
[image: ];
end while
end if
If multiple SPS PDSCH receptions are activated for a UE and the UE multiplexes corresponding HARQ-ACK information in the PUCCH in slot , the UE generates the HARQ-ACK information as described in Clause 9.1.2 and appends it to the [image: ] HARQ-ACK information bits.
<Unchanged text is omitted>



2.3 SPS PDSCH release and SPS PDSCH receptions (email#2)
The handling of SPS PDSCH release and SPS PDSCH receptions for the same configuration when they are received on the same slot has been discussed in RAN1#100-e and RAN1#100-bis-e, but no agreements have been reached so far. The two main issues are related to i) the timeline for receiving the SPS release DCI such that the SPS can be regarded as released; and ii) HARQ-ACK feedback generation, especially when the HARQ-ACK bits of SPS PDSCH and SPS release are mapped to the same bit position in a Type-1 Codebook.
To structure the discussion, the following cases are separately discussed (inspired on the way forward provided by the Feature Lead in the summary of email thread#2 as reported in R1-2003001). Note that, in our understanding, ‘same PUCCH’ (Case 1-2 and 2-2) mainly refers to the case when HARQ-ACK bits of SPS PDSCH and SPS release are mapped to the same bit position in a Type-1 HARQ-ACK codebook. This occurs because the SPS release’s bit position is determined based on the SLIV of the SPS PDSCH that is being released.

	· [bookmark: _Hlk40295731]Case 1: In a slot, if SPS release DCI is received before the end of the SPS PDSCH for the same SPS configuration 
· Case 1-1: A UE is not required to receive the SPS PDSCH if HARQ-ACK for the SPS release and the SPS reception would map to different PUCCHs
· Expected consequence: separate HARQ-ACK bits but NACK for the SPS PDSCH?
· Case 1-2: A UE is not required to receive the SPS PDSCH if HARQ-ACK for the SPS release and the SPS reception would map to the same PUCCH
· Expected consequence: only 1 bit for SPS release
· Case 2: In a slot, if SPS release DCI is received after the end of the SPS PDSCH for the same SPS configuration 
· Case 2-1: SPS PDSCH is received if HARQ-ACK for the SPS release and the SPS reception would map to different PUCCHs 
· Expected consequence: Separate HARQ-ACK bits
· Case 2-2: A UE is not required to receive the SPS PDSCH if HARQ-ACK for the SPS release and the SPS reception would map to the same PUCCH
· Expected consequence: only 1 bit for SPS release



[image: ]
[bookmark: _Ref40164525]Figure 2: Example timeline for SPS PDSCH reception and SPS release DCI in a same slot.
For Case 1, based on the discussions in RAN1#100-e and RAN1#100-bis-e, it seems feasible to specify that the UE is not required to receive the SPS PDSCH as illustrated in Figure 2. In case the HARQ-ACK for the SPS release and the SPS reception would map to the same bit position in the PUCCH (Case 1-2), our preference is that only HARQ-ACK bit for the SPS release is generated since the HARQ-ACK bit for the SPS reception would be a ‘NACK’ anyway. By implementation, gNB should ensure that no important data is scheduled on the SPS PDSCH (or should not even schedule the SPS PDSCH at all). 
For case 1-1, HARQ-ACK for both SPS release and the SPS reception are generated and reported. However, if the PUCCH for SPS reception would only contain 1 bit of (NACK) feedback, it is proposed to drop the PUCCH for SPS reception, e.g. similar as agreed for SPS cancellation due to DCI/SFI.
Proposal 3: If a UE receives SPS release DCI which ends in the same symbol or before the ending symbol of a SPS PDSCH for the same SPS configuration within a slot, the UE is not required to receive the SPS PDSCH. 
· For Type-1 codebook:
· If HARQ-ACK for the SPS release and the SPS reception would map to the same PUCCH, only HARQ-ACK bit for SPS release is generated.
· If HARQ-ACK for the SPS release and the SPS reception would map to different PUCCHs, separate HARQ-ACK bits (NACK for the SPS PDSCH and ACK for SPS release) are reported, unless the PUCCH for SPS reception would only contain 1 bit of (NACK) feedback, in which case the PUCCH for SPS reception is not reported.
· For Type-2 codebook: Separate HARQ-ACK bits (NACK for the SPS PDSCH and ACK for SPS release) are generated.
For Case 2, as illustrated in Figure 2, the UE shall receive both the SPS PDSCH reception and the SPS release in the slot (i.e. the release of the downlink assignment is first applied for subsequent SPS occasions). Case 2-2 where HARQ-ACK feedback of SPS PDSCH reception and SPS release occupy the same bit position can be handled in one of the following ways:
1. Only HARQ-ACK bit for SPS release is generated 
2. Only HARQ-ACK bit for SPS PDSCH reception is generated
3. Do not allow HARQ-ACK feedback of SPS PDSCH reception and SPS release to be mapped to the same bit position in a PUCCH.
Option 1, even though is our proposal for Case 1, is not preferred in this case as it would result in unacknowledged PDSCH receptions. Besides, we don’t think it is feasible for the UE processing timeline to follow FL’s suggestion of the UE “not required to receive the SPS PDSCH” for such case (if it was feasible, then there would not be a reason for defining Case 1 and Case 2 in first place). 
Similarly for Option 2, the gNB may not know whether the SPS release DCI has been correctly received and thus it is not preferred either. Option 3 always guarantees separate feedback SPS PDSCH reception and SPS release; this can be easily achieved by implementation, e.g. by using different k1 timing values or using different HARQ-ACK codebook priorities, and thus is our preferred option. 
Proposal 4: If a UE receives SPS release DCI which ends after the ending symbol of a SPS PDSCH for the same SPS configuration within a slot, the UE receives the SPS PDSCH.
· For Type-1 HARQ-ACK codebook, the UE does not expect to be indicated to map HARQ-ACK information for the SPS release and the SPS reception to the same bit position in a PUCCH.  

It is worth mentioning that the above proposals apply for both UEs having processing capability of a single unicast PDSCH reception per slot, and UEs having processing capability of more than one unicast PDSCH reception per slot. For the former case where UE can only decode a single PDSCH per slot, the proposals allows to release a 1-slot periodicity SPS PDSCH configuration if i) a release DCI of the same configuration ends no later than the SPS PDSCH (regardless of PUCCH/HARQ-ACK mapping), or ii) the release DCI and the SPS PDSCH are mapped to different PUCCHs (regardless of timing of release DCI). For cases where a UE with the capability to decode a single PDSCH per slot is configured to receive a SPS PDSCH on every slot due to multiple configurations, we see the need to specify the following restriction:
Proposal 5: For Type-1 HARQ-ACK codebook, a UE is not expected to receive in the same slot a SPS release DCI and a SPS PDSCH belonging to different SPS configurations if the corresponding HARQ-ACK information are mapped to the same bit position in a PUCCH.
2.5 TP capturing the agreement on HARQ-ACK for SPS PDSCH cancelled by dynamic SFI/DCI (email#2)
The following agreement were reached in RAN1#100bis-e: 
	Agreements:
HARQ-ACK feedback for a SPS PDSCH is included in the HARQ-ACK codebook when the SPS PDSCH is cancelled by DCI/dynamic SFI in which case NACK is generated for the SPS PDSCH.
· For type-1 codebook, the main bullet is not applied if only a single HARQ-ACK bit, for an SPS PDSCH, is mapped on a PUCCH; otherwise, the main bullet is applied.
· For type-2 codebook, the main bullet is applied.



A TP capturing the agreement was not drafted due to lack of time. A TP is therefore provided below based on the following logic: 
· The first paragraph captures the first bullet-point in the agreement by preventing that the pseudocode is used for single HARQ-ACK bit generation (i.e. keeping Rel-15 compatibility). 
· The modification from “and” to “except that” in the pseudocode clarifies that HARQ-ACK bits for configured SPS PDSCH receptions are always generated with the only exceptions being SPS PDSCH dropping due to i) overlapping SPS PDSCH(s) or ii) due to static/semi-static UL symbols in the TDD configuration.
Proposal 6: Adopt the following text proposal to capture the RAN1#100-bis-e agreement of “HARQ-ACK feedback for a SPS PDSCH is included in the HARQ-ACK codebook when the SPS PDSCH is cancelled by DCI/dynamic SFI in which case NACK is generated for the SPS PDSCH.”
	Text proposal to Section 9.1.2 in TS 38.213:
9.1.2  Type-1 HARQ-ACK codebook determination
<unnecessary part is omitted>
within the [image: ] occasions for candidate PDSCH receptions as determined in Clause 9.1.2.1, the UE determines a HARQ-ACK codebook only for the SPS PDSCH release or only for the PDSCH reception or only for the SPS PDSCH receptions according to corresponding [image: ] occasion(s) on respective serving cell(s), where the value of counter DAI in DCI format 1_0 is according to Table 9.1.3-1 and HARQ-ACK information bits in response to more than one SPS PDSCH receptions that the UE is configured to receive are ordered according to the following pseudo-code; otherwise, the procedures in Clause 9.1.2.1 and Clause 9.1.2.2 for a HARQ-ACK codebook determination apply.
<Unchanged text is omitted>
while  
Set  – SPS PDSCH configuration index: lower indexes correspond to lower RRC indexes of corresponding SPS configurations 
while 
Set  – slot index 
while 
if UE is configured to receive a SPS PDSCH in slot  for SPS PDSCH configuration  on serving cell , and except that the SPS PDSCH is not required to be received among overlapping SPS PDSCHs, if any according to [6, TS 38.214], or based on a UE capability for a number of PDSCH receptions in a slot according to [6, TS 38.214], or due to overlapping with a set of symbols indicated as uplink by tdd-ULDL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated
 = HARQ-ACK information bit for this SPS PDSCH reception 
;
end if
;
end while
;
end while
;
end while
<Unchanged text is omitted>



3	Identified issues not discussed (by email) yet 
3.1 Overwriting of SPS PDSCH with dynamic grant
Current specifications allow the use of a dynamic grant to override a SPS PDSCH occasion. This is particularly useful in the case of colliding SPS occasions, where the dynamic granted resources could indicate resources equivalent to the sum of the resources occupied by the SPS occasions. However, one limitation, coming from Rel-15 is that “PDCCH scheduling the PDSCH with C-RNTI or MCS-C-RNTI ends at least 14 symbols before the start of the PDSCH with CS-RNTI without the corresponding DCI”. We believe that for Rel-16, the requirement of 14 symbols is too restrictive to allow a dynamic PDSCH to be scheduled on overlapping SPS PDSCH allocations, considering that this is for the support of URLLC. Given that there should not be any preparation needed for decoding SPS, as long as the UE decodes the DCI before SPS starts, there should not be any interruption required in UE processing. In this sense, the required number of symbols only needs to consider the DCI decoding time, and it should be much smaller than PDSCH processing time Tproc,1. Given that PDSCH processing time consists of PDCCH decoding time and PDSCH decoding time, and PDSCH decoding typically takes longer than PDCCH decoding, we therefore propose to reduce the time between the PDCCH scheduling the dynamic grant and the SPS PDSCH to Tproc,1/2, where Tproc,1 is  the PDSCH processing time of the corresponding capability (38.214, Sec. 5.3) assuming d1,1=0. To ensure Rel-15 compatibility, this is only applicable if the UE indicates support for this new capability which we denote as [fast_SPS_PDSCH_overwriting] in the text proposal below.
Proposal 7: For Rel-16, reduce the time between the end of a PDCCH scheduling a dynamic grant and an overlapping SPS PDSCH to Tproc,1/2, where Tproc,1 is the PDSCH processing time of the corresponding capability (38.214, Sec. 5.3) assuming d1,1=0. Adopt the following text proposal/correction to Section 5.1 of TS 38.214 with changes marked in red:



	[bookmark: _Hlk32344565]TP to TS 38.214, Sec. 5.1 to reduce the time between the end of a PDCCH scheduling a dynamic grant and an overlapping SPS PDSCH
[bookmark: _Toc11352080][bookmark: _Toc20317970][bookmark: _Toc27299868][bookmark: _Toc29673133][bookmark: _Toc29673274][bookmark: _Toc29674267]5.1	UE procedure for receiving the physical downlink shared channel
<Unchanged text is omitted>
The UE is not expected to decode a PDSCH scheduled in a serving cell with C-RNTI or MCS-C-RNTI and another PDSCH scheduled in the same serving cell with CS-RNTI if the PDSCHs partially or fully overlap in time after resolving overlapping for PDSCHs without corresponding PDCCH transmissions except if the PDCCH scheduling the PDSCH with C-RNTI or MCS-C-RNTI ends at least T14 symbols before the start of the PDSCH with CS-RNTI without the corresponding DCI, in which case the UE shall decode the PDSCH scheduled with C-RNTI or MCS-C-RNTI. The value of T equals Tproc,1/2, where Tproc,1 is the PDSCH processing time of the corresponding capability according to Subclause 5.3 assuming d1,1=0 if the UE indicates [fast_SPS_PDSCH_overwriting] capability, otherwise T=14 symbols.
<Unchanged text is omitted>



3.2 HARQ-ACK codebook construction with pdsch-AggregationFactor
Separate pdsch-AggregationFactor per downlink SPS configuration was agreed in RAN1#100-e:
	Agreement:
Introduce configuration of PDSCH aggregation factor (pdsch-AggregationFactor) per DL SPS configuration with the value range of {1,2,4,8} [RRC impact]
· For PDSCH scheduled without corresponding PDCCH transmission using sps-Config and activated by DCI format 1_1 or 1_2, or PDSCH scheduled by DCI format 1_1 or 1_2 in PDCCH with CRC scrambled with CS-RNTI with NDI=0
· PDSCH aggregation factor signaled in sps-Config (newly introduced RRC parameter) is applied if configured; otherwise, PDSCH aggregation factor signaled in pdsch-Config is applied
· For PDSCH scheduled by DCI format 1_1 or 1_2 in PDCCH with CRC scrambled with CS-RNTI with NDI=1
· PDSCH aggregation factor signaled in pdsch-Config is applied



In RAN1#100-bis-e, some issues were raised related to HARQ-ACK feedback construction especially when pdsch-AggregationFactor in SPS-Config is different than the one signalled in pdsch-Config; however, these issues were not prioritized for discussion as only few companies provided their view. In the following, we describe the main open issues related to the introduction pdsch-AggregationFactor in SPS-Config.
Issue 1: PDSCH-to-HARQ_feedback timing when pdsch-AggregationFactor is configured. 
In Rel-15 specifications [TS 38.213 V15.8.0, Section 9.1.2] a UE reports HARQ-ACK information for a PDSCH reception from slot  to slot , only in a HARQ-ACK codebook that the UE includes in a PUCCH or PUSCH transmission in slot ; where  is a value of pdsch-AggregationFactor and k is given by the PDSCH-to-HARQ_feedback timing indicator.
However, with the introduction of dynamic indication of slot-based repetitions (RepNumR16) in Rel-16, for Type-1 codebook, PDSCH aggregation configured via pdsch-AggregationFactor is not applied when at least one entry in the Time Domain Resource Allocation (TDRA) table includes RepNumR16. This is highlighted in the following:
	9.1.2	Type-1 HARQ-ACK codebook determination
<omitted text>
If the UE is provided pdsch-AggregationFactor and no entry in pdsch-TimeDomainAllocationList includes RepNumR16 in PDSCH-TimeDomainResourceAllocation,  is a value of pdsch-AggregationFactor; otherwise . The UE reports HARQ-ACK information for a PDSCH reception
· from slot  to slot , if , or 
· from slot  to slot , if the Time domain resource assignment field in the DCI format scheduling the PDSCH reception indicates an entry in pdsch-TimeDomainAllocationList containing RepNumR16, or
· in slot , otherwise 
[bookmark: _Hlk40273112]only in a HARQ-ACK codebook that the UE includes in a PUCCH or PUSCH transmission in slot , where  is a number of slots indicated by the PDSCH-to-HARQ_feedback timing indicator field in a corresponding DCI format or provided by dl-DataToUL-ACK if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI format. If the UE reports HARQ-ACK information for the PDSCH reception in a slot other than slot , the UE sets a value for each corresponding HARQ-ACK information bit to NACK. 
<omitted text>



This is not consistent with the agreement, where the intention is to apply pdsch-AggregationFactor per DL SPS configuration (i.e. signalled in sps-Config) regardless of whether RepNumR16 is present in TDRA table or not. To solve this issue, the following is proposed:
Proposal 8: For Type-1 HARQ-ACK codebook, adopt the following text proposal to Section 9.1.2 of TS 38.213 to allow PDSCH aggregation per DL SPS configuration (provided via RRC parameter pdsch-AggregationFactor in sps-Config).

	TP to TS 38.213, Sec. 9.1.2 
9.1.2	Type-1 HARQ-ACK codebook determination
<omitted text>
For SPS PDSCH reception for which pdsch-AggregationFactor is provided in sps-Config,   is a value of pdsch-AggregationFactor in sps-Config. Otherwise, if the UE is provided pdsch-AggregationFactor in pdsch-config and no entry in pdsch-TimeDomainAllocationList includes RepNumR16 in PDSCH-TimeDomainResourceAllocation,  is a value of pdsch-AggregationFactor in pdsch-config; otherwise . The UE reports HARQ-ACK information for a PDSCH reception
· from slot  to slot , if , or 
· from slot  to slot , if the Time domain resource assignment field in the DCI format scheduling the PDSCH reception indicates an entry in pdsch-TimeDomainAllocationList containing RepNumR16, or
· in slot , otherwise 
only in a HARQ-ACK codebook that the UE includes in a PUCCH or PUSCH transmission in slot , where  is a number of slots indicated by the PDSCH-to-HARQ_feedback timing indicator field in a corresponding DCI format or provided by dl-DataToUL-ACK if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI format. If the UE reports HARQ-ACK information for the PDSCH reception in a slot other than slot , the UE sets a value for each corresponding HARQ-ACK information bit to NACK. 
<omitted text>


Issue 2: Type-1 HARQ-ACK codebook size determination
As described in Section 9.1.2.1 of TS 38.213, if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated,  a HARQ-ACK bit entry is added to the codebook if at least one of the   previous occasions is not dropped due to UL symbols. With the introduction of pdsch-AggregationFactor per SPS-Config, it becomes unclear which should be the value of “”  that shall be used for the HARQ-ACK codebook size determination. To solve this, we agree with SAMSUNG in R1-2002135 that  should be determined based on the largest value among the configured pdsch-AggregationFactor and  and propose the following: 
Proposal 9: For Type-1 HARQ-ACK codebook, the set of MA,c occasions for candidate PDSCH receptions should be determined based on the maximum of the values of pdsch-AggregationFactor values, if provided in sps-Config and/or pdsch-Config, and values of RepNumR16, if provided. Adopt the following text proposal to TS 38.213 Section 9.1.2.1:
	[bookmark: _Ref505248562][bookmark: _Toc12021470][bookmark: _Toc20311582][bookmark: _Toc26719407][bookmark: _Toc29894840][bookmark: _Toc29899139][bookmark: _Toc29899557][bookmark: _Toc29917294][bookmark: _Toc36498168]TP to TS 38.213, Sec. 9.1.2.1 
9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
For a serving cell [image: ], an active DL BWP, and an active UL BWP, as described in Clause 12, the UE determines a set of [image: ] occasions for candidate PDSCH receptions for which the UE can transmit corresponding HARQ-ACK information in a PUCCH in slot [image: ]. If serving cell [image: ] is deactivated, the UE uses as the active DL BWP for determining the set of [image: ] occasions for candidate PDSCH receptions a DL BWP provided by firstActiveDownlinkBWP-Id. The determination is based:
<omitted text>
e)	if CA-slot-offset is provided, on and  for serving cell , or on  and  for the cell of PUCCH transmission, as described in [4, TS 38.211].
f) on , where  is the maximum of values of pdsch-AggregationFactor if provided in sps-Config and/or pdsch-Config, and values of RepNumR16, if provided.
<omitted text>
while [image: ]
if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and, for each slot from slot  to slot [image: ], at least one symbol of the PDSCH time resource derived by row [image: ] is configured as UL where [image: ] is the k-th slot timing value in set [image: ], 
[image: ];
else
[image: ]; 
end if
end while
<omitted text>




Issue 3: HARQ-ACK feedback when the last repetition of a SPS PDSCH is not received due to overlapping DL assignment
With the possibility of having different pdsch-AggregationFactor per SPS configuration and for dynamic PDSCH, it may occur that two decodable PDSCHs occupy the same bit position in a Type-1 HARQ-ACK codebook as illustrated in Figure 3.
[image: ]
[bookmark: _Ref40278869]Figure 3: Example of two decodable DL PDSCHs occupying the same bit position in a Type-1 CB. 
The following potential solutions could be considered to solve the problem:
· Option 1: Type-1 HARQ-ACK codebook construction mechanism is modified such that a HARQ-ACK bit for the SPS PDSCH is included even if its last repetition is overwritten, e.g. HARQ-ACK bit position of the overwritten SPS PDSCH is remapped to the last decodable PDSCH repetition.
· Option 2: gNB by implementation ensures that this conflict does not happen, e.g.	by selecting a different SLIV or k1 value for the overlapping PDSCHs.
With respect to Figure 3, Option 1 entails that the HARQ-ACK bit of the SPS PDSCH in grey is remapped to the ‘n-2’-th position of the codebook such that the blue PDSCH occupies the ‘n-1’-th  position (assuming that the configured set of k1 values covers at least K1 = {1, 2}). This results in variation of the HARQ-ACK bit position of one PDSCH depending on the presence of other PDSCH(s), which may be complex for the UE and gNB and goes against the deterministic property of the Type-1 HARQ-ACK codebook. Furthermore, while Figure 3 represents a simplified example, the specification changes to cover all the potential cases are expected to be large. Since it is difficult to find a clean solution to the problem, i.e. without significantly changing existing Type-1 HARQ-ACK codebook procedure, Option 2 is preferred. 
We would like to note that similar error case can already happen in Rel-15, e.g. when a SPS configuration operates with pdsch-AggregationFactor = 2 (provided in pdsch-Config) activated with DCI format 1_1 and a dynamic PDSCH scheduled with DCI format 1_0 (i.e. without repetitions) overlaps with the last SPS PDSCH repetition.
Proposal 10: When pdsch-AggregationFactor > 1 is configured for a SPS configuration, the UE is not expected to be scheduled with another decodable PDSCH that occupies the same bit position as the SPS PDSCH in a Type-1 HARQ-ACK codebook. 

4	Conclusions
[bookmark: _GoBack]In this contribution, we discuss the identified clarifications and additions on SPS enhancements with respect to the Rel-16 URLLC & IIoT WIs. 
These are summarized in the following proposals on remaining issues of the RAN1#100-bis-e email discussions:
Proposal 1: If the 14-symbol timeline for overwriting SPS PDSCH with a dynamic PDSCH is not fulfilled for a first SPS PDSCH, but fulfilled for subsequent SPS PDSCH(s), the UE does not receive any of the SPS PDSCHs overlapping with the dynamic PDSCH.  
Proposal 2: Adopt the text proposal in Sec. 2.2 to TS 38.213, Section 9.1.3.1, to allow more than 1 bit of SPS PDSCH HARQ-ACK feedback in a Type-2 Codebook when a single SPS PDSCH reception is activated for a UE.
Proposal 3: If a UE receives SPS release DCI which ends in the same symbol or before the ending symbol of a SPS PDSCH for the same SPS configuration within a slot, the UE is not required to receive the SPS PDSCH. 
· For Type-1 codebook:
· If HARQ-ACK for the SPS release and the SPS reception would map to the same PUCCH, only HARQ-ACK bit for SPS release is generated.
· If HARQ-ACK for the SPS release and the SPS reception would map to different PUCCHs, separate HARQ-ACK bits (NACK for the SPS PDSCH and ACK for SPS release) are reported, unless the PUCCH for SPS reception would only contain 1 bit of (NACK) feedback, in which case the PUCCH for SPS reception is not reported.
· For Type-2 codebook: Separate HARQ-ACK bits (NACK for the SPS PDSCH and ACK for SPS release) are generated.
Proposal 4: If a UE receives SPS release DCI which ends after the ending symbol of a SPS PDSCH for the same SPS configuration within a slot, the UE receives the SPS PDSCH.
· For Type-1 HARQ-ACK codebook, the UE does not expect to be indicated to map HARQ-ACK information for the SPS release and the SPS reception to the same bit position in a PUCCH.  
Proposal 5: For Type-1 HARQ-ACK codebook, a UE is not expected to receive in the same slot a SPS release DCI and a SPS PDSCH belonging to different SPS configurations if the corresponding HARQ-ACK information are mapped to the same bit position in a PUCCH.
Proposal 6: Adopt the text proposal in Sec. 2.5 to TS 38.213, Section 9.1.2, to capture the RAN1#100-bis-e agreement of “HARQ-ACK feedback for a SPS PDSCH is included in the HARQ-ACK codebook when the SPS PDSCH is cancelled by DCI/dynamic SFI in which case NACK is generated for the SPS PDSCH.”
The discussion on issues not yet discussed by email can be summarized in the following proposals:
Proposal 7: For Rel-16, reduce the time between the end of a PDCCH scheduling a dynamic grant and an overlapping SPS PDSCH to Tproc,1/2, where Tproc,1 is the PDSCH processing time of the corresponding capability (38.214, Sec. 5.3) assuming d1,1=0. Adopt the text proposal/correction to Section 5.1 of TS 38.214 according to Sec. 3.1.
Proposal 8: For Type-1 HARQ-ACK codebook, adopt the text proposal in Sec. 3.2 to Section 9.1.2 of TS 38.213 to allow PDSCH aggregation per DL SPS configuration (provided via RRC parameter pdsch-AggregationFactor in sps-Config).
Proposal 9: For Type-1 HARQ-ACK codebook, the set of MA,c occasions for candidate PDSCH receptions should be determined based on the maximum of the values of pdsch-AggregationFactor values, if provided in sps-Config and/or pdsch-Config, and values of RepNumR16, if provided. Adopt the text proposal in Sec. 3.2 to TS 38.213 Section 9.1.2.1.
Proposal 10: When pdsch-AggregationFactor > 1 is configured for a SPS configuration, the UE is not expected to be scheduled with another decodable PDSCH that occupies the same bit position as the SPS PDSCH in a Type-1 HARQ-ACK codebook. 
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