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1 Introduction
This contribution is revised from R1-1716263. 
In RAN2#97 [1], the following Agreement was made:
	NR supports an SPS scheme similar to LTE 


In LTE, SPS is supported for both downlink and uplink. This contribution focuses on the impact of supporting DL SPS on RAN1 specifications for NR.
2 Overview of DL SPS in LTE
In LTE, DL SPS operation is summarized as follows in Stage 2 specification, section 11.1.1 [2]:
	[…]

In addition, E-UTRAN can allocate semi-persistent downlink resources for the first HARQ transmissions to UEs:

-
RRC defines the periodicity of the semi-persistent downlink grant;

-
PDCCH indicates whether the downlink grant is a semi-persistent one i.e. whether it can be implicitly reused in the following TTIs according to the periodicity defined by RRC.

When required, retransmissions are explicitly signalled via the PDCCH(s). In the sub-frames where the UE has semi-persistent downlink resource, if the UE cannot find its C-RNTI on the PDCCH(s), a downlink transmission according to the semi-persistent allocation that the UE has been assigned in the TTI is assumed. Otherwise, in the sub-frames where the UE has semi-persistent downlink resource, if the UE finds its C-RNTI on the PDCCH(s), the PDCCH allocation overrides the semi-persistent allocation for that TTI and the UE does not decode the semi-persistent resources.

 […]


Details of DL SPS operation are specified in 36.321 [3]. From RAN1 perspective, the main impacts of the DL SPS functionality are in 36.213 [4], more specifically the following aspects:

Section 5.1.2: TPC command obtained from PDCCH with CRC scrambled with SPS C-RNTI
This specifies when the TPC field of a PDCCH scrambled with SPS C-RNTI is used as TPC command for PUCCH (i.e. except when used for SPS activation or SPS release).
Section 7.1: PDSCH reception procedure when PDCCH/PDSCH is configured by SPS C-RNTI for each transmission mode, DCI format and search space
Used for activation of DL SPS, as well as (dynamically scheduled) adaptive retransmission of a transport block that was previously semi-persistently scheduled.

Section 7.3: UE procedure for reporting HARQ-ACK

This section specifies multiplexing of HARQ A/N with possibly other UCI. The HARQ A/N can include HARQ A/N pertaining to SPS release or HARQ A/N for a semi-persistently scheduled PDSCH.
Section 9.2: PDCCH validation for SPS activation and release, including indication of PUCCH resource value (applicable to each semi-persistently scheduled PDSCH) in SPS activation.
This specifies the values of certain DCI fields of DL formats for a PDCCH to be considered a valid SPS activation and SPS release command. In addition, this specifies that the value of the “TPC command for PUCCH” field in case of DL SPS activation should be interpreted as an A/N resource indicator (to be used for PDSCH “without corresponding PDCCH”).
Section 10.1.x: Determination of PUCCH assignment of HARQ A/N.
This specifies that the A/N resource indicator provided in DL SPS activation indicates a PUCCH resource that carries HARQ A/N feedback of a PDSCH “without corresponding PDCCH” when e.g. in case there is no multiplexing with HARQ A/N of other transmissions or in case channel selection is configured. 
This also specifies how to report HARQ A/N for DL SPS release. A DL SPS release is essentially treated in the same way as a scheduled PDSCH in the PCell, for which a PUCCH resource can be derived from the starting CCE of the PDCCH. This resource is used e.g. in case there is no multiplexing with HARQ A/N of other transmissions or in case channel selection is configured.

3 Supporting DL SPS in NR

While some differences can be expected for UL SPS operation between LTE and NR (owing to grant-free operation and HARQ), there does not seem to be any need for NR to define a DL SPS mode of operation that would depart significantly from what LTE does. More specifically, the following features and principles can be supported:

· Downlink L1 signaling using PDCCH with same DCI format(s) as for dynamic scheduling of PDSCH, with CRC scrambled with SPS C-RNTI:
· DL SPS activation (using special fields for validation)

· DL SPS release (using special fields for validation)

· Adaptive retransmissions

· Provision of a PUCCH resource indicator (i.e., ARI) in DL SPS activation, indicating a PUCCH resource that can be used for HARQ A/N of PDSCH without corresponding PDCCH e.g. in case of no multiplexing with HARQ A/N of other transmissions;
· L1 acknowledgment of DL SPS release

· This is required to prevent spurious PUCCH transmissions if the UE missed the release
· Requires provision of PUCCH resource from PDCCH containing DL SPS release (either explicitly by PUCCH resource indicator or implicitly), as for any DL assignment.
Based on the above, we propose the following:
Proposal 1: As in LTE, DL L1 signaling for DL SPS is supported by using PDCCH with same DCI format(s) as for dynamic scheduling of PDSCH and scrambling of CRC with SPS C-RNTI.
Proposal 2: As in LTE, DL SPS activation and DL SPS release are validated by checking the values of certain fields of the DCI.
Proposal 3: As in LTE, DL SPS activation includes a PUCCH resource indicator for a PUCCH resource that can be used for HARQ A/N of PDSCH without corresponding PDCCH.
Proposal 4: As in LTE, L1 acknowledgment of DL SPS release is supported.

Proposal 5: As in LTE, a PUCCH resource obtained from PDCCH containing DL SPS release is used for L1 acknowledgment of DL SPS release. 
4 Conclusion

This contribution studied the impact of supporting DL SPS on NR specifications. The following is proposed:
Proposal 1: As in LTE, DL L1 signaling for DL SPS is supported by using PDCCH with same DCI format(s) as for dynamic scheduling of PDSCH and scrambling of CRC with SPS C-RNTI.

Proposal 2: As in LTE, DL SPS activation and DL SPS release are validated by checking the values of certain fields of the DCI.

Proposal 3: As in LTE, DL SPS activation includes a PUCCH resource indicator for a PUCCH resource that can be used for HARQ A/N of PDSCH without corresponding PDCCH.

Proposal 4: As in LTE, L1 acknowledgment of DL SPS release is supported.

Proposal 5: As in LTE, a PUCCH resource obtained from PDCCH containing DL SPS release is used for L1 acknowledgment of DL SPS release. 
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