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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. [bookmark: _GoBack]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#98 meeting, RAN1 made the following agreements. [2]
	Agreements:
For cases where only HARQ-ACK feedback for SPS PDSCHs shall be reported (i.e. no dynamic PDSCH HARQ-ACK), support more than one bit of HARQ-ACK feedback for SPS PDSCH without an associated grant in a PUCCH resource 
· FFS applicability to all PUCCH formats
· FFS the number of bits, e.g., the # of configured/activated SPS configurations, etc.
· FFS how to construct both type-1 and type-2 HARQ-ACK codebook for cases where HARQ-ACK feedback for SPS PDSCH is multiplexed with dynamic PDSCH HARQ-ACK 

Conclusion:
There is no consensus on support of DL SPS periodicity shorter than 1 slot in Rel-16. 


In this contribution, we discuss issues on HARQ-ACK transmission and codebook construction for multiple SPS configurations.

2 [bookmark: OLE_LINK71][bookmark: OLE_LINK72]SPS Periodicity Less Than DL/UL Configuration Periodicity
[bookmark: OLE_LINK69]In Rel-15, minimum periodicity of SPS PDSCH configuration is 10ms and maximum periodicity of DL/UL configuration is 10ms. Based on this condition, every SPS PDSCH reception can have appropriate PUCCH resource for its HARQ-ACK transmission. In other words, it can guarantee that the PUCCH resource of SPS PDSCH reception overlaps with semi-static flexible or uplink symbol. In the RAN1#98 meeting, RAN1 agreed to support SPS periodicity of no less than 1 slot. If the SPS periodicity become shorter than the DL/UL configuration periodicity, it is necessary to discuss how to transmit HARQ-ACK information for the SPS PDSCHs. When a SPS PDSCH reception is scheduled 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 an activating DCI. A UE cannot transmit HARQ-ACK information whenever the configured PUCCH resource in slot n+k is DL symbol(s) depending on DL/UL configuration in an unpaired spectrum. Figure 1 illustrates HARQ-ACK transmission for SPS PDSCH receptions in the unpaired spectrum, where SPS periodicity (P in Figure 1) is 2 slots and PDSCH-to-HARQ_feedback timing indicator (k in Figure 1) is 2 slots. As shown in Figure 1, the HARQ-ACK information of the 4th SPS PDSCH can be transmitted while the HARQ-ACK information of the first three SPS PDSCHs cannot be transmitted due to consecutive DL symbols. Thus, it is needed to define a new rule to transmit HARQ-ACK information of multiple SPS PDSCH receptions in a single PUCCH according to of DL/UL configurations. 
[image: ]
Figure 1. HARQ-ACK transmission for shorter SPS periodicity in TDD case
To address this issue, several options can be considered. First, multiple numbers of PDSCH-to-HARQ_feedback timing indicator values can be introduced. For example, in Figure 1, PDSCH-to-HARQ_feedback timing indicator value for the first SPS PDSCH is indicated as 9 slots, and PDSCH-to-HARQ_feedback timing indicator value for the second SPS PDSCH is indicated as 7 slots, so on. 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 1, the HARQ-ACK information for the first three SPS PDSCHs is deferred and is transmitted on the valid PUCCH resource of the 4th 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 1: For TDD, if the SPS periodicity becomes smaller than the DL/UL configuration periodicity, a UE may not transmit HARQ-ACK information for a SPS PDSCH reception depending on DL/UL configurations.
· Proposal 1: 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 HARQ-ACK for Multiple SPS PDSCH Configurations
In Rel-15, a single SPS PDSCH configuration is supported, but in Rel-16 URLLL, up to 8 or 16 SPS PDSCH configuration can be configured on a BWP in a cell. If more than one SPS PDSCH configurations are activated, we need to define how to generate HARQ-ACK codebook for the more than one SPS PDSCHs. 
Semi-static HARQ-ACK codebook
In case of semi-static HARQ-ACK codebook, PDSCH occasions for multiple SPS PDSCHs are already defined and thus HARQ-ACK for SPS PDSCHs can be included in the semi-static HARQ-ACK codebook. However, we need to further discuss how to transmit HARQ-ACK for joint release of SPS PDSCH configurations. In Rel-15, the HARQ-ACK position in the semi-static HARQ-ACK codebook corresponding to a SPS PDSCH release is the same as the position corresponding to SPS PDSCH reception. In case of joint SPS release, there are multiple corresponding SPS PDSCH receptions. If HARQ-ACK bits for corresponding SPS PDSCH receptions are used to indicate ACK/NACK for reception of joint SPS release, HARQ-ACK for different PDSCHs sharing the same PDSCH occasions cannot be transmitted. To resolve such a problem, the possible approaches can be considered: 
· [bookmark: _Hlk21278488]Alt 1. a location in the semi-static HARQ-ACK codebook for HARQ-ACK information corresponding to a joint SPS PDSCH release is the same as a location corresponding to SPS PDSCH reception with lowest ID.
· Alt 2. a location in the semi-static HARQ-ACK codebook for HARQ-ACK information corresponding to a joint SPS PDSCH release is indicated by TDRA field in SPS PDSCH release.
In Alt 1, one SPS PDSCH is selected from multiple SPS PDSCH released by joint SPS release. For simplicity, lowest SPS PDSCH ID can be used. Alt 2 provides more flexibility by indicating the location in TDRA field. However, the TDRA field size can be 0 bit so that it is not a complete solution. Therefore, we propose 
· Proposal 2: In case of semi-static HARQ-ACK codebook, a location in the semi-static HARQ-ACK codebook for HARQ-ACK information corresponding to a joint SPS PDSCH release is same as a location corresponding to SPS PDSCH reception with lowest ID.

Dynamic HARQ-ACK codebook
In Rel-15, in case of dynamic HARQ-ACK codebook, first HARQ-ACK bits for dynamic grant PDSCHs are generated according to counter-DAI or total DAI and then single HARQ-ACK bit for SPS PDSCH is added if exists. As a direct extension of Rel-15 dynamic HARQ-ACK codebook, generating HARQ-ACK bits for more than one SPS PDSCHs can be considered. To generate HARQ-ACK bits for more than one SPS PDSCHs, it is necessary to discuss the bit ordering for the SPS PDSCHs as follows: 
· Opt 1. Ascending order of SPS PDSCH configuration ID
· Opt 2. Ascending order of time domain resource assignment of SPS PDSCHs
· Opt 3. Ascending order of HARQ process number of SPS PDSCHs
In option 1, SPS PDSCH configuration ID is used to determine bit ordering. If SCS of UL carrier is lower than that of DL carrier (e.g. DL: 30kHz and UL: 15kHz) and periodicity of SPS PDSCH configuration is 1 slot, there are more than one SPS PDSCH receptions with the same ID, which are multiplexed into the same HARQ-ACK codebook, as shown in Figure 2. In option 2, bit ordering is determined by time domain resource assignment of SPS PDSCHs. If two SPS PDSCH receptions starts the same symbol and ends the same symbol (i.e. two SPS PDSCH receptions are overlapped in the same symbol), it is not possible to determine bit ordering. The last option is to use HARQ process number of SPS PDSCHs. Even if there are more than one SPS PDSCH receptions corresponding to a HARQ-ACK codebook, their HARQ process number may be different. If two SPS PDSCH receptions have the same HARQ process number, a UE combines two PDSCH receptions and generate one HARQ-ACK. Thus, considering one HARQ-ACK for one HARQ process number, bit order of SPS PDSCHs can be uniquely determined. 
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Figure 2. SPS PDSCH examples

Note that when SPS configurations among multiple cells are activated, the cell index can be additionally used to determine bit ordering.
· Proposal 3: In case of dynamic HARQ-ACK codebook, bit ordering of SPS PDSCH receptions should be determined. The potential solutions are 
· Opt 1. Ascending order of SPS PDSCH configuration ID
· Opt 2. Ascending order of time domain resource assignment of SPS PDSCHs
· Opt 3. Ascending order of HARQ process number 

4 Conclusion
In this contribution, we discussed the HARQ-ACK transmission and codebook construction rule for multiple SPS configurations. 
· Observation 1: 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: 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.
· Proposal 2: In case of semi-static HARQ-ACK codebook, a location in the semi-static HARQ-ACK codebook for HARQ-ACK information corresponding to a joint SPS PDSCH release is same as for a corresponding SPS PDSCH reception with lowest ID.
· Proposal 3: In case of dynamic HARQ-ACK codebook, bit ordering of SPS PDSCH receptions should be determined. The potential solutions are 
· Opt 1. Ascending order of SPS PDSCH configuration ID
· Opt 2. Ascending order of time domain resource assignment of SPS PDSCHs
· Opt 3. Ascending order of HARQ process number 
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