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1 Introduction
In this contribution, we discuss the remaining issues on SPS PDSCH and HARQ-ACK for SPS PDSCH.

2 [bookmark: OLE_LINK71][bookmark: OLE_LINK72]Remaining issues on SPS PDSCH
[bookmark: OLE_LINK69]In Rel-15, periodicity for DL SPS is no less than 10ms (possible periodicities are 10ms, 20ms, 32ms, 40ms, 64ms, 80ms, 128ms, 160ms, 320ms, or 640ms). In order to support industrial IoT in Rel-16, slot-level periodicity for DL SPS is supported, and the possible periodicities can be one of {1, 2, … , 640}-slot for 15kHz SCS, {1, 2, … , 1280}-slot for 30kHz SCS, and {1, 2, … , 2560}-slot for 60kHz SCS. 
Due to the slot-level periodicity, there is a possibility to multiplex HARQ-ACK bits for more than one SPS PDSCHs. For example, let’s consider the case where 60kHz SCS for DL, 15kHz SCS for UL, and SPS PDSCH with 1-slot periodicity is configured, which is shown in Figure 1, where K1 value is assumed to be 1. As shown in Figure 1, HARQ-ACKs for 4 SPS PDSCHs (SPS PDSCH#0 in DL slot 4*n-4, SPS PDSCH#1 in DL slot 4*n-3, SPS PDSCH#2 in DL slot 4*n-2, SPS PDSCH#3 in DL slot 4*n-1) are multiplexed in a single PUCCH in UL slot n. 

[image: ]
Figure 1. 1-slot periodicity of SPS PDSCH

If a UE is configured to use the type-1 HARQ-ACK codebook, there are 4 HARQ-ACK bit positions to multiplex HARQ-ACKs for 4 SPS PDSCHs and the HARQ-ACKs for 4 SPS PDSCHs can be multiplexed using the type-1 HARQ-ACK codebook. If the UE receives SPS release PDCCH and the UE would multiplex HARQ-ACK for the SPS release PDCCH in the same type-1 HARQ-ACK codebook, the HARQ-ACK position for the SPS release PDCCH is same as the HARQ-ACK position for a corresponding SPS PDSCH reception as per TS38.213 specification in Rel-16 due to no dedicated HARQ-ACK bit for SPS release PDCCH. However, there is an ambiguity in the TS38.213 specification, in which HARQ-ACK bit position for SPS PDSCH reception should be used as HARQ-ACK bit position for SPS release PDCCH . 

To remove the ambiguity, it seems necessary to clearly specify HARQ-ACK bit position for one SPS PDSCH reception among the multiple SPS PDSCH receptions (if any). To specify a certain SPS PDSCH reception among the multiple SPS PSDCH receptions, two options can be considered as follows: 
Option 1) the SPS PDSCH reception in a slot where the SPS release DCI is received
Option 2) the last SPS PDSCH reception among the multiple SPS PDSCH receptions 
On the option 1, the slot where the SPS release PDCCH is received can be used to choose one SPS PDSCH reception among the multiple SPS PDSCH receptions. It can be valid when a gNB does not transmit SPS PDSCH in a slot and transmits SPS release PDCCH in the slot. As per the following agreements at the RAN1#101e meeting [1], it is allowed for a UE to receive the SPS release PDCCH but not to receive the SPS PDSCH in the same slot. In other words, the corresponding HARQ-ACK bit in the slot can be used only for SPS release PDCCH. 
	Agreement at RAN1#101e meeting
· At least, support the case that in a slot SPS release PDCCH is received before the end of the SPS PDSCH reception for the same SPS configuration corresponding to the SPS release PDCCH
· 1 bit HARQ-ACK is generated for SPS release and a UE does not expect to receive the SPS PDSCH if HARQ-ACKs for the SPS release and the SPS reception would map to the same PUCCH.
· FFS whether and how to support the HARQ-ACK for the SPS release and the SPS reception mapping to different PUCCHs
·  FFS whether and how to support the case that SPS release PDCCH is received after the end of the SPS PDSCH for the same SPS configuration

Agreement at RAN1#101e meeting
It is not supported that a SPS release PDCCH in a slot is received after the end of the SPS PDSCH reception in the slot for the same SPS configuration corresponding to the SPS release PDCCH if HARQ-ACKs for the SPS release and the SPS reception would map to the same PUCCH. 
· FFS: if HARQ-ACKs for the SPS release and the SPS reception mapping to different PUCCHs



The further considerable point under the option 1 is that the option 1 is applicable to only the case in which the SPS PDSCH reception in the slot where the SPS release PDCCH is received is valid. For example, as shown in Figure 2, the SPS PDSCH reception may be invalid due to overlapping with semi-static UL symbols. Therfore, the SPS release PDCCH may be transmitted only in a slot where the SPS PDSCH reception is valid, which may restrict gNB scheduling flexibility. 

[image: ]
Figure 2. illustration of option 1

To remove the gNB’s scheduling restriction, as the option 2, a UE can select the last SPS PDSCH reception among the multiple SPS PDSCH receptions. The reason why the last SPS PDSCH reception is selected is that after the UE receives the SPS release PDCCH, the HARQ-ACK bit for the last corresponding SPS PDSCH reception which may be located after the SPS release PDCCH would not be used (i.e., NACK is reported as normal operation). Therefore, the gNB may transmit SPS release PDCCH at any PDCCH monitoring occasion in a slot and there is no ambiguity because the UE can identify the unique last corresponding SPS PDSCH reception. 
· Proposal 1: For type-1 HARQ-ACK codebook, a HARQ-ACK bit position for SPS release PDCCH is same as the last corresponding SPS PDSCH reception among the multiple SPS PDSCH receptions. 
· Proposal 2: Adopt the following text proposal for TS38.213
	[bookmark: _Ref505248562][bookmark: _Toc12021470][bookmark: _Toc20311582][bookmark: _Toc26719407][bookmark: _Toc29894840][bookmark: _Toc29899139][bookmark: _Toc29899557][bookmark: _Toc29917294][bookmark: _Toc36498168][bookmark: _Toc45699194]9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
=============================Unchanged part is omitted===================================
[bookmark: _Hlk47607077]For the set of slot timing values [image: ], the UE determines a set of [image: ] occasions for candidate PDSCH receptions or SPS PDSCH releases according to the following pseudo-code. A location in the Type-1 HARQ-ACK codebook for HARQ-ACK information corresponding to a single SPS PDSCH release is same as for athe last 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 athe last corresponding SPS PDSCH reception with the lowest SPS configuration index among the multiple SPS PDSCH releases.

=============================Unchanged part is omitted===================================



3 Conclusion
In this contribution, remaining issues on SPS PDSCH and its HARQ-ACK transmission were discussed, and the following was proposed
· Proposal 1: For type-1 HARQ-ACK codebook, a HARQ-ACK bit position for SPS release PDCCH is same as the last corresponding SPS PDSCH reception among the multiple SPS PDSCH receptions. 
· Proposal 2: Adopt the following text proposal for TS38.213
	9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
=============================Unchanged part is omitted===================================
For the set of slot timing values [image: ], the UE determines a set of [image: ] occasions for candidate PDSCH receptions or SPS PDSCH releases according to the following pseudo-code. A location in the Type-1 HARQ-ACK codebook for HARQ-ACK information corresponding to a single SPS PDSCH release is same as for athe last 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 athe last corresponding SPS PDSCH reception with the lowest SPS configuration index among the multiple SPS PDSCH releases.

=============================Unchanged part is omitted===================================
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