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1 Introduction
In RAN#83 plenary meeting, the WID on support of NR industrial internet of things (IoT) [1] was approved. Regarding SPS PDSCH enhancements, the following scope is defined in [1]
1. The detailed objectives for NR TSC-related enhancements include:
· Specify enhancements to satisfy QoS for wireless Ethernet when using TSC traffic patterns, including 
· Support for multiple simultaneous active semi-persistent scheduling (SPS) configurations for a given BWP of a UE. [RAN2, RAN1].
· Support for shorter SPS periodicities than the existing ones [RAN2, RAN1].
· Address support for TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities, as captured in TR 38.825, section 6.5.2. [RAN2, RAN1].
 In the last RAN1#97 meeting, RAN1 sent the following LS to RAN2 regarding feasibility of SPS PDSCH reception with periodicity of less than 1 slot. [2]
	Conclusion:
· RAN1 will continue to further investigate whether or not it is feasible to support periodicities shorter than 1 slot for SPS.



In this contribution, we discuss issues on HARQ-ACK transmission and codebook construction when SPS PDSCH reception with periodicity of less than 1 slot is adopt.

2 [bookmark: OLE_LINK71][bookmark: OLE_LINK72]Shorter SPS periodicity
[bookmark: OLE_LINK69]Using SPS-based scheduling (or configured grant-based scheduling) has an advantage over dynamic grant-based scheduling in terms of PDCCH overhead and reliability by avoiding control channel blocking. In order to support URLLC traffic with very short periodicity, it can be beneficial to support shorter SPS periodicity than that supported in Rel-15 NR. Rel-15 only supports up to 10ms periodicity so that it may not accommodate DL periodic URLLC traffic. Contrary, up to 2-symbol periodicity is supported for configured grant transmission in the uplink. Therefore, it is necessary to support the smaller periodicity than that supported in Rel-15 NR for SPS PDSCH reception. Note than RAN2 has already agreed to support at least 0.5 ms periodicity of SPS PDSCH receptions and they ask the feasibility of up to 2-symbol periodicity. To support TSN traffic, RAN1 first targets to support up to 2-symbol periodicity and identifies what problems are encountered. 
· Proposal 1: It is necessary to support up to 2-symbol periodicity for SPS PDSCH reception. 
If the shorter SPS periodicity is adopted, it is necessary to discuss how to transmit HARQ-ACK information for the SPS PDSCHs. In Rel-15, when a DCI activating SPS PDSCH reception is detected in slot n, the HARQ-ACK information of the SPS PDSCH reception is transmitted in a slot n+k, where k is a PDSCH-to-HARQ_feedback timing indicator value in the activating DCI. 

FDD case
In Rel-16 URLLC, it is agreed to support more than one PUCCH with HARQ-ACK information by introducing sub-slot concept. When determining a PUCCH resource for HARQ-ACK information, the same sub-slot concept can be applied. For example, a DCI activating SPS PDSCH reception is detected in sub-slot m, then the HARQ-ACK information of the SPS PDSCH reception is transmitted in a sub-slot m+k, where k is a PDSCH-to-HARQ_feedback timing indicator value. Figure 1 shows SPS PDSCH reception with 2-symbol periodicity. If sub-slot granularity is configured to 2 symbols, then there are PUCCHs in every sub-slot. In other words, HARQ-ACK information for each SPS PDSCH reception is transmitted via each PUCCH resource. If it is needed to reduce PUCCH overhead (# of PUCCH transmission within a slot), gNB can configure more larger sub-slot granularity. For example, gNB can configure 7-symbol sub-slot granularity. In this case, HARQ-ACK information for some of SPS PDSCH receptions are multiplexed in a single PUCCH resource. 
[image: ]
(a) Sub-slot granularity = 2 symbols 
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(b) Sub-slot granularity = 7 symbols 
Figure 1. SPS PDSCH reception with sub-slot granularity
· Observation 1: At least for FDD, it is feasible to support SPS PDSCH reception with periodicity of less than 1 slot by introducing sub-slot concept. 
· By adjusting sub-slot granularity, PUCCH overhead can be effectively controlled. 
[bookmark: _GoBack]TDD case
A UE cannot transmit HARQ-ACK information whenever a PUCCH resource overlaps with DL symbol depending on DL/UL configuration in an unpaired spectrum. This issue cannot be resolved by introducing sub-slot concept. For example, figure 2 shows SPS PDSCH reception with 2-symbol periodicity and 2-symbol sub-slot granularity. Since the first symbol in the second slot is configured to semi-static DL symbol, then PUCCH cannot be transmitted. According to Rel-15 NR specifications, a UE does not transmit a UL signal and channel on the semi-static DL symbol. That is, there is no way for gNB to know the first SPS PDSCH reception is successfully received at the UE and thus gNB cannot retransmit the failed PDSCH reception. 
[image: ]
(a) No deferral
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(b) deferral
Figure 2. HARQ-ACK transmission for shorter SPS periodicity in TDD case

Thus, it is needed to discuss a rule to transmit HARQ-ACK information of SPS PDSCH reception in a PUCCH regardless of DL/UL configurations.
To address this issue, several options can be considered. First, multiple numbers of PDSCH-to-HARQ_feedback timing indicator values can be configured or indicated. For example, in Figure 2, PDSCH-to-HARQ_feedback timing indicator value for the first SPS PDSCH is indicated as 8 sub-slots instead of 7 sub-slots, and PDSCH-to-HARQ_feedback timing indicator value for the remaining SPS PDSCH is indicated as 7 sub-slots. Then, HARQ-ACK information for the first and second SPS PDSCH receptions are multiplexed and transmitted in the same PUCCH resource. This way can provide full flexibility but results in DCI overhead increase. The second option is to defer HARQ-ACK information until the valid PUCCH resource is found. For example, in Figure 2, the HARQ-ACK information for the first SPS PDSCH reception is deferred to the valid PUCCH resource of the 2th SPS PDSCH reception. The merit of the second option is to multiplex HARQ-ACK information of multiple SPS PDSCH receptions without additional signalling. Since the valid PUCCH resource can be determined by both the DL/UL configuration and the activation DCI, there would be no ambiguity to determine the valid PUCCH resource. 
· Observation 2: For TDD, if the SPS periodicity becomes smaller, a UE may not transmit HARQ-ACK information for a SPS PDSCH reception depending on DL/UL configurations.
· Proposal 2: We propose to support deferring HARQ-ACK information for SPS PDSCH receptions until the valid PUCCH resource for transmitting HARQ-ACKs of SPS PDSCH receptions is found.

3 Conclusion
In this contribution, we discussed feasibility of the shorter periodicity for SPS PDSCH reception and proposed the HARQ-ACK transmission rule in FDD and TDD case. 
· Observation 1: At least for FDD, it is feasible to support SPS PDSCH reception with periodicity of less than 1 slot by introducing sub-slot concept. 
· By adjusting sub-slot granularity, PUCCH overhead can be effectively controlled. 
· Observation 2: For TDD, if the SPS periodicity becomes smaller, a UE may not transmit HARQ-ACK information for a SPS PDSCH reception depending on DL/UL configurations.
· Proposal 1: It is necessary to support up to 2-symbol periodicity for SPS PDSCH reception. 
· Proposal 2: For TDD, we propose to support deferring HARQ-ACK information for SPS PDSCH receptions until the valid PUCCH resource for transmitting HARQ-ACKs of SPS PDSCH receptions is found.
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