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1   Introduction

SPS procedure was discussed in RAN2#97bis and RAN2#98 meetings, following agreements were made [1][2]:
RAN2#97bis

-
Like in legacy LTE, at least SPS period is configured by RRC. FFS how frequency resources, MCS, etc., for SPS are provided to the UE depends on RAN1 discussion. 

-
UL skipping for dynamic grant should be configurable.  FFS if UL skipping for SPS is configurable.

-
Working assumption:  Like in LTE, DRX behaviour with SPS UL should be to restart inactivity timer when UL data is transmitted, and not to restart when SPS UL grant is not used.  This behaviour depends on outcome of DRX design.
RAN2#98

· In NR, when the UE is configured with SPS, the UE should always skip SPS grant if there is no data to transmit, i.e., Skipping SPS grant is mandated in NR regardless of SPS periodicity.

· LCP is performed the same regardless whether the grant is dynamic or SPS.  SPS is a “configured grant”.

· FFS is multiple SPS is supported for duplication or to support different numerologies

· Implicit release of UL SPS resources is not supported
In this paper, we discuss the HARQ retransmission aspects for SPS and other related issues.

2   Discussion
The UL SPS scheduling inteval in LTE can be less than 10ms, which is motivated by application of services requiring low UP latency. Similar trend is also expected to be observed for NR as well, where URLLC is visualized as an integrated 5G service. To support such short scheduling intervals, it is essential that multiple HARQ processes can be supported for SPS (similar to LTE) to provide sufficient time for the network to schedule HARQ ACK/NACK and dynamic retransmissions for a given HARQ process.

Proposal 1: Similar to LTE, multiple HARQ processes are supported for UL and DL SPS
In LTE, the HARQ process id calculation for SPS resources are determined based on the number of configured SPS processes and timing reference (in terms of SFN and subframe) of the SPS grant. Although, the stated approach is suitable in LTE for different deployment considerations, the approach may not work for the case when SPS interval is less than 1 ms period. RAN1 has agreed the granularity of grant-free resource allocation to slot/symbol duration. However, it is yet not decided whether same granularity is also applicable for SPS scheduling interval.

Further, changes to HARQ retransmission methodology within SPS can lead to deviation from the LTE model. Hence, it is proposed that discussion for HARQ process id calculation can be initiated after RAN1 progresses on HARQ retransmission methodology and SPS scheduling interval.
Proposal 2: Postpone discussion of HARQ process id calculation until RAN1 concludes study on supported SPS/grant-free scheduling interval values and HARQ retransmission methodology

In LTE, for SPS intervals less than 10 ms, UE is allowed to perform retransmissions on SPS resources itself. The motivation behind the same is to improve radio resource utilization, as UE may not have data to transmit in every SPS occasion. Also, retransmissions in SPS resources for the case of false detection of uplink skipping by the network (i.e. UE skipped the UL SPS transmission but network wrongly interpreted it as decoding error) would reduce network overhead of scheduling dedicated UL resources for each retransmission. However, this does not preclude dynamic UL grants for retransmissions which can be helpful for the VoIP or streaming services, where regular data can be expected for each SPS occasion.

Proposal 3: HARQ retransmissions for UL SPS can be performed using either SPS resources or dynamic uplink grants indicated by the network
RAN1 has agreed to support asynchronous retransmissions as baseline for DL as well as UL. In order to support asynchronous retransmissions in SPS, it is required that UE monitors for HARQ ACK/NACK indication after each UL SPS (re)transmission. This can be accomplished by a DRX timer funcationality similar to drx-ULRetransmissionTimer, which is initiated in LTE after UL HARQ RTT timer is expired. As, definition or applicability of UL HARQ RTT timer is not clear in NR, the triggering condition of drx-ULRetransmissionTimer can be discussed after RAN1 reaches conclusion on timing relationship for HARQ retransmissions. 

Proposal 4: drx-ULRetransmissionTimer is used to monitor for uplink grants scheduling HARQ retransmissions for UL SPS
FFS: Start/Stop criteria of drx-ULRetransmissionTimer
Given that, UE is allowed to skip SPS transmissions if there is no UL data to transmit, significant power will be consumed if UE is required to monitor for HARQ retransmissions even for skipped SPS occasions. The situation is expected to worsen for the case of very frequent SPS occasions. More efficient approach would be for UE to monitor for uplink retransmission grants only when UE performs an UL transmission.
Proposal 5: UE is not required to monitor for uplink grants scheduling HARQ retransmission for UL SPS if UE skips uplink transmission
3   Conclusion
This paper discusses HARQ aspects for SPS transmission. Following proposals are made in this paper:
Proposal 1:
Similar to LTE, multiple HARQ processes are supported for UL and DL SPS
Proposal 2:
Postpone discussion of HARQ process id calculation until RAN1 concludes study on supported SPS scheduling interval values and HARQ retransmission methodology
Proposal 3:
HARQ retransmissions for UL SPS can be performed using either SPS resources or dynamic uplink grants indicated by the network k
Proposal 4:
drx-ULRetransmissionTimer is used to monitor for uplink grants scheduling HARQ retransmissions for UL SPS
FFS: Start/Stop criteria of drx-ULRetransmissionTimer
Proposal 5:
UE is not required to monitor for uplink grants scheduling HARQ retransmission for UL SPS if UE skips uplink transmission
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