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1.
Introduction

During the Study Item phase of IIoT, DL SPS is discussed to support IIoT traffic. In TR 38.825, it is specified:

	In order to support TSN traffic flows with very short periodicities in DL direction, it is beneficial to support additional, shorter SPS periodicities. Using SPS has an advantage over dynamic scheduling utilization, since it allows reducing PDCCH overhead and increasing reliability by avoiding control channel blocking.


In the WI of IIoT [1], the following two objectives are listed:

	· Support for multiple simultaneous active semi-persistent scheduling (SPS) configurations for a given BWP of a UE.

· Support for shorter SPS periodicities than the existing ones 


In this contribution, we will analyse the impact brought by DL SPS enhancement, i.e. multiple SPS and shorter periodicities.

2. Discussion 
2.1 Multiple active DL SPS configurations
Multiple active DL SPS configurations per BWP are used to support different downlink services simultaneously in one UE. Different services could have quite different traffic characteristics, which may require different resource configurations, i.e. multiple SPS. Accordingly, gNB can prepare multiple SPS configurations with different parameter settings such as different resource sizes, different periodicities, different MCS levels, different repetition numbers etc. When a specific service arrives, gNB can choose the appropriate SPS configuration to transmit the data and UE will know when and where to receive the data in a pre-determined manner.

In order to support multiple DL SPS per BWP, a configuration index should be configured for each of the multiple configurations for the purpose of identification. In this case, when activating or deactivating the DL SPS, the configuration index can be carried in the activation or deactivation DCI.

Proposal 1: For multiple active SPS configurations, a configuration index should be configured for each DL SPS configuration per BWP.
In TS 38.321, HARQ process ID is determined by the configured grant resource, HARQ number and configured grant periodicity.

	For configured downlink assignments, the HARQ Process ID associated with the slot where the DL transmission starts is derived from the following equation:

HARQ Process ID = [floor (CURRENT_slot × 10 / (numberOfSlotsPerFrame × periodicity))] modulo nrofHARQ-Processes
where CURRENT_slot = [(SFN × numberOfSlotsPerFrame) + slot number in the frame] and numberOfSlotsPerFrame refers to the number of consecutive slots per frame as specified in TS 38.211 [8].


Based on the above equation, the HARQ Process ID for different SPS configuration in one BWP could be determined similarly. When DL transmission on one SPS configuration is ongoing, the same HARQ process ID shall not be allocated to other SPS. In order to support the multiple SPS per BWP for different services, UE shall be able to derive different HARQ ID for different SPS configurations in one BWP. For example, an offset can be used in the HARQ ID derivation equation.
Proposal 2: Support HARQ ID differentiation in case of multiple active SPS configurations per BWP.
Another aspect for multiple configuration handling is the case when those configurations overlap in time, i.e. conflicts between configured downlink assignments. For guaranteeing deterministic network behavior, the gNB could always send a dynamic downlink assignment in case both configured downlink assignments have data to transfer. As dynamic assignment would override the multiple overlapping SPS downlink assignments, the overlapping case between the configured downlink assignments is avoided. 
Proposal 3: No need to address the overlapped configured downlink assignments from RAN2 perspective.
2.2 DL SPS with shorter periodicity
According to TR38.825, DL SPS will support shorter periodicities for IIoT traffic. There are further issues to be solved. 

With shorter periodicity, the formula to determine the configured grant needs to be changed based on the minimum unit of periodicity.  This is not an issue in RAN2, we though observe there are much impacts for UE processing and HARQ feedback. 

In NR Release 15, the periodicity of SPS is 10ms. This is too big to meet the URLLC requirement, so shorter SPS periodicities than 10ms are needed. As defined for configured grant type 1 and type 2, the periodicities could be 2os or 7os to meet the latency requirement of URLLC. However for the DL SPS, short periodicities cause lower resource efficiency and the shorter the periodicity is, the more complex UE’s processing would become. Assuming the periodicity of DL SPS is e.g. 2os, UE should try 7 times in one slot to receive the data in each SPS occasion and feedback the corresponding ACK/NACK. This would lead to resources wasting when for example the periodicity of TSN traffic is not matching SPS periodicity. 

In case of periodicity smaller than one slot, PUCCH resource needs to carry more bits to indicate ACK/NACK. This will mandate more RAN1 specification efforts. As the HARQ feedback is transparent to MAC due to CBG-based retransmission in Release 15, we can conclude that there are no obvious RAN2 impacts foreseen. On more aspect to consider is the redundant HARQ feedback issue mentioned in [2] where it is proposed to skip ACK feedback for DL SPS. From RAN2 point of view, ACK feedback can be sent on PUSCH and it may not be a big issue. Further, skipping ACK feedback has significant impact to DTX and increases the complexity in PHY. 

Observation 1: DL SPS with the periodicities shorter than one slot might cause resources wasting. 
Observation 2: For DL SPS, supporting the periodicities shorter than one slot would mandate more RAN1 specification efforts.
Proposal 4: RAN2 agree that DL SPS with shorter periodicity than one slot needs more evaluation in RAN1. 
3. Conclusion
In this contribution, we present our views on the impact of enhancing DL SPS and have the following observations and proposals.
Observation 1: DL SPS with the periodicities shorter than one slot might cause resources wasting.  
Observation 2: For DL SPS, supporting the periodicities shorter than one slot would mandate more RAN1 specification efforts.
Proposal 1: For multiple active SPS configurations, a configuration index should be configured for each DL SPS configuration per BWP.
Proposal 2: Support HARQ ID differentiation in case of multiple active SPS configurations per BWP.
Proposal 3: No need to address the overlapped configured downlink assignments from RAN2 perspective.
Proposal 4: RAN2 assume that DL SPS with shorter periodicity needs more evaluation in RAN1.
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