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1. Introduction

In RAN#83, the following objectives regarding DL SPS enhancements were approved as IIoT [1]:
	· Specify enhancements to satisfy QoS for wireless Ethernet when using TSC traffic patterns, including 

· Support of provisioning, from Core Network to RAN and between RAN nodes (e.g. upon handover), of UE’s TSC traffic pattern related information such as message periodicity, message size, message arrival time at gNB (DL) and UE (UL) [RAN3].

· 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 this contribution, we discuss several discussion points regarding DL SPS enhancement techniques to be specified from RAN1 point of view. 
2. Multiple simultaneous active DL SPS configurations
In order to support diverse TSN applications simultaneously, it was agreed that multiple simultaneous active DL SPS configurations for a given BWP of a UE are supported similar to UL configured grant, which can be beneficial for reducing latency and/or supporting multiple different service/traffic types. How to identify each SPS configuration would need to be addressed, and some field can be used for identification of each SPS configuration. 

One consideration point is how to handle resource conflicts between different DL SPS configurations. Such conflicts normally can be avoided by gNB configuration. Due to introduction of short periodicity, if resource conflicts might not be necessarily avoidable, DL SPS configuration associated with higher priority service/traffic type or with shorter K1 (PDSCH to HARQ-ACK timing) can be prioritized. 
Proposal 1: In case of resource conflicts between different DL SPS configurations, further discussion on the necessity of prioritization is needed. 

3. Shorter periodicity for DL SPS configurations

For TSN requirement evaluation, the following use cases have been considered [2]
	Case
	#UE
	Communications service availability
	Transmit period
	Allowed E2E latency
	Survival time
	Packet size
	Service area
	Traffic periodicity
	Use case

	I
	20
	99,9999% to 99,999999%
	0.5 ms
	≤ Transmit period
	Transmit period
	50 bytes
	15 m x 15 m x 3 m
	Periodic
	Motion control and control-to-control use cases

	II
	50
	99,9999% to 99,999999%
	1 ms
	≤ Transmit period
	Transmit period
	40 bytes
	10 m x 5 m x 3 m
	Periodic
	Motion control and control-to-control use cases

	III
	100
	99,9999% to 99,999999%
	2 ms
	≤ Transmit period
	Transmit period
	20 bytes
	100 m x 100 m x 30 m
	Periodic
	Motion control and control-to-control use cases


As seen, the traffic type of these use cases is periodic and the periodicity is less than 2 ms. In order to support such TSN traffic more efficiently, it is envisioned that semi-persistent scheduling may be utilized rather than dynamic scheduling, which can provide the reduction of PDCCH overhead and PDCCH blocking. On the other hand, the DL SPS configuration in the rel-15 NR does not support a periodicity of less than 10 ms. In this context, defining shorter periodicities of DL SPS than the existing one becomes the scope of IIoT WI. 
Related to shorter periodicities of DL SPS, from RAN2 LS [3], RAN1 is tasked to investigate the following aspects:
· the feasibility to support SPS periodicities of at least 0.5 ms

· the feasibility to support SPS periodicities shorter than 0.5 ms, e.g. down to 2 symbols

· any additional limitations for the above e.g. in terms of supported SCS, HARQ-ACK feedback
We hereafter consider the periodicities of UL configured grant are baseline for shorter periodicity of DL SPS. Then, in case SPS periodicity is not shorter than 1 slot, the current HARQ-ACK mechanism can be reused, and thus it seems feasible to support {1 slot, 2 slots, 4 slots, 5 slots, 8 slots} for all SCS. Meanwhile, further investigation on whether to support {2 symbols, 7 symbols} and the expected specification impact including HARQ-ACK feedback would be needed.
Moreover, if shorter periodicity of DL SPS is configured and time domain resource allocation is indicated via activation DCI, the time duration of each DL SPS transmission should not exceed its periodicity like what is restricted for configured grant PUSCH.
Proposal 2: The periodicities of UL configured grant are baseline for shorter periodicity of DL SPS. At least supporting the periodicities of {1 slot, 2 slots, 4 slots, 5 slots, 8 slots} for DL SPS can be considered. FFS on 2 symbols and 7 symbols.
Proposal 3: The time duration of each DL SPS transmission should not exceed its periodicity.
In case shorter periodicity of DL SPS is configured, how to construct type-1 HARQ-ACK codebook corresponding to SPS PDSCH and/or SPS release needs to be further discussed. According to the current rel-15 specification, the periodicity of DL SPS can be tens of milliseconds (>= 10 ms), and thus once resource allocation of DL SPS PDSCH is indicated by activation DCI, the indicated resource is always present in the configured table for time domain resource allocation so “candidate PDSCH reception” for each DL SPS transmission slot is fixed to the same bit location within HARQ-ACK codebook for one PUCCH. However, if shorter periodicity than 1 slot is configured (e.g., periodicity of 2 symbols), for some DL SPS transmission, SPS PDSCH occasion may not be always present as a SLIV in the configured table for time domain resource allocation, which means that there may be no “candidate PDSCH reception” for some of DL SPS PDSCH occasion. Therefore, in order to construct HARQ-ACK codebook properly with shorter periodicity of DL SPS, some handling would be needed. One option can be to add HARQ-ACK bits corresponding to the maximum possible number of PDSCH transmissions within a slot derived by the configured periodicity. For instance, the periodicity of 7 symbols is configured for DL SPS, at most two SPS PDSCH can be transmitted within a slot so 2 bits are added into HARQ-ACK codebook. 
Proposal 4: In case shorter periodicity than 1 slot is supported for DL SPS, type-1 HARQ-ACK codebook determination needs to be amended to properly include HARQ-ACK bits for each DL SPS transmission. 
4. Conclusions

In this contribution, we discussed several aspects on DL SPS enhancements for supporting industrial IoT. Based on the above discussion, our proposals are given as follows:
Proposal 1: In case of resource conflicts between different DL SPS configurations, further discussion on the necessity of prioritization is needed. 

Proposal 2: The periodicities of UL configured grant are baseline for shorter periodicity of DL SPS. At least supporting the periodicities of {1 slot, 2 slots, 4 slots, 5 slots, 8 slots} for DL SPS can be considered. FFS on 2 symbols and 7 symbols.

Proposal 3: The time duration of each DL SPS transmission should not exceed its periodicity.
Proposal 4: In case shorter periodicity than 1 slot is supported for DL SPS, type-1 HARQ-ACK codebook determination needs to be amended to properly include HARQ-ACK bits for each DL SPS transmission. 
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