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1 Introduction

In RAN1 #90bis, RAN2 sent LS [1] to inform that RAN2 has agreed to support DL SPS operation for NR, and from RAN2 point of view, it is possible to support DL SPS operation in NR similar to LTE DL SPS. This contribution discusses DL SPS operation in NR with aim to specify DL SPS in Release 15 specification.
2 Discussion on DL SPS operation
LTE supports downlink SPS since Rel-8. The main use case is VoIP, where packet size and packet inter-arrival interval are predictable. NR has at least the same use case and hence should support DL SPS from the first release. Based on LTE DL SPS operation, following parameters should be considered for DL SPS in NR.
2.1 RRC parameters for DL SPS
To support DL SPS in NR, in addition to a new RNIT for SPS (e.g. SPS C-RNTI), at least following downlink SPS related parameters should also be specified in 38.331.
semiPersistSchedIntervalDL
The value range of semiPersistSchedIntervalDL in LTE is between 10ms and 640ms because it is sufficient to support VoIP services. Therefore, it is desirable for NR to support at least the same value range of SPS interval (i.e. 10ms, 20ms, 32ms, 40ms, 64ms, 80ms, 128ms, 160ms, 320ms, 640ms). Then, the question is whether it is necessary to support additional periodicities less than 10ms is required for DL-SPS. For UL transmission without grant, in RAN1#90bis, additional periodicities less than 10ms (e.g. 2symbol, 7symbol, 1ms, 2ms, 5ms for 15kHz subcarrier spacing) were agreed to be supported. Considering Type 2 UL transmission without grant considered as UL SPS, the same periodicity between DL SPS and UL SPS would be desirable.
Proposal 1: The same range of periodicity defined for UL transmission without grant is supported for DL SPS in NR
numberOfConfSPS-Processes
In LTE, the maximum number of HARQ processes configurable to DL SPS is 8. Therefore, it is desirable for NR to support multiple HARQ processes (K≤N) for DL-SPS,  where N is the maximum number of HARQ prcesses (N) that is still discussing in RAN1.
Proposal 2: Up to K HARQ processes can be configured for DL SPS, where K is equal to or less than the maximum number of HARQ processes supported in NR
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In LTE, the TPC command in a DCI for SPS activation is used to indicate the PUCCH resource for transmission of HARQ-ACK for PDSCH without corresponding PDCCH. In NR, there will be 2bit ARI field in a DCI, this field instead of TPC command can be used for indicating one of PUCCH resource configured by higher layer.
Proposal 3: For DL SPS, PUCCH resources for transmission of HARQ-ACK are configured by higher layer and indicated by a field in DCI for activation
2.2 MAC related issues for DL SPS
NDI
In LTE, if NDI in the received DCI with CRC scrambled with SPS C-RNTI is set to 1, the UE consider the NDI not to have been toggled (i.e. retransmission). Otherwise, (i.e. NDI is set to 0), the UE consider the NDI to have been toggled. This principle can also be applied to NR. 
Proposal 4: As LTE, if NDI in the received DCI with CRC scrambled with SPS C-RNTI is set to 1, the UE consider the NDI not to have been toggled
Resource assignment & HARQ process ID
For LTE, after a Semi-Persistent downlink assignment is configured, the MAC entity shall consider sequentially that the Nth assignment occurs in the subframe for which

· (10 * SFN + subframe) = [(10 * SFNstart time + subframestart time) + N * semiPersistSchedIntervalDL] modulo 10240.

· Where SFNstart time and subframestart time are the SFN and subframe, respectively, at the time the configured downlink assignment were (re-)initialised.

For HARQ process ID calculation, following was specified for configured downlink assignments, 

· HARQ Process ID = [floor(CURRENT_TTI/semiPersistSchedIntervalDL)] modulo numberOfConfSPS-Processes, where CURRENT_TTI=[(SFN * 10) + subframe number].

· If repetition is supported, CURRENT_TTI refers to the subframe where the first transmission of a bundle takes place.
For NR, those LTE procedures can also be re-used to determine SPS resource and HARQ process ID unless SPS periodicity less than slot duration is supported. If short SPS periodicity is supported, details on resource assignment and HARQ process ID determination can be decided by RAN2.

Proposal 5: LTE procedure of resource assignment and HARQ process ID calculation can be reused.

2.3 RAN1 related issue for DL SPS
DL resource allocation

Unlike LTE, in addition to frequency resource allocation, NR supports dynamic time domain resource allocation. Therefore, time-domain PDSCH resource for SPS should be defined by RRC or derived by DCI for SPS activation. Similar to frequency resource assignment for SPS, time domain resource allocation field in DCI for SPS activation can also be used to determine time domain PDSCH resource for DL SPS, which does not require any RRC impact.

Proposal 6: Time domain PDSCH resource field in DCI for DL SPS activation is used to derive time-domain PDSCH resource for DL SPS

HARQ timing
In LTE, timing of HARQ-ACK for a PDSCH is fixed. Unlike LTE, however, NR supports dynamic HARQ feedback timing by HARQ timing indicator field in DCI, it is necessary to define HARQ-ACK feedback timing for SPS. In our view, similar to DL resource allocation, HARQ timing indicator can also be used to determine HARQ feedback timing for PDSCH without corresponding PDCCH. 

Proposal 7: HARQ timing indicator in DCI for DL SPS activation is used to derive HARQ feedback timing for DL SPS

DCI fields for activation/release

In legacy LTE, some fields in DCI are not relevant for SPS operation (e.g., HARQ process number, RV) are used for validation of PDCCH for DL SPS activation/release and differentiation between activation and release of SPS resource, which can also be applied for NR. Following table shows special fields for DL SPS activation/release PDCCH validation in LTE.

Table 1 Special fields for DL SPS activation/release PDCCH validation in LTE
	
	Activation (DCI format 1/1A)
	Release (DCI format 1A)

	HARQ process number
	FDD: set to '000'
 TDD: set to '0000'
	FDD: set to '000'
 TDD: set to '0000'

	Modulation and coding scheme
	MSB is set to ‘0’
	set to '11111'

	Redundancy version
	Set to ‘00’
	set to '00'

	Resource block assignment
	-
	Set to all '1's


Since DCI contents are still discussing in RAN1, details on special fields for DL SPS activation/release PDCCH validation can be decised after finalizing DCI contents for NR.
Proposal 8: Special fields in PDCCH for indicating DL SPS activation/release are used for DL SPS activation/release PDCCH validation

· FFS: details on special fields

Confirmation of DL SPS release
Similar to LTE, transmission of HARQ-ACK for a PDCCH indicating DL SPS release is necessary to prevent unnecessary PUCCH transmission when the UE missed the PDCCH for release. For this HARQ-ACK transmission, PUCCH resource indicated by DCI for SPS release can be used.  At the same time, HARQ timing indicator in DCI for DL SPS release can also be used to derive HARQ feedback timing for DL SPS release.
Proposal 9: Transmission of HARQ-ACK for a PDCCH indicating DL SPS release is supported

· HARQ timing indicator in DCI for DL SPS release is used to derive HARQ feedback timing
3 Conclusions 

This contribution discusses overall DL SPS operation in NR with aim to specify DL SPS in Release 15 specification, and proposes the followings.
Proposal 1: The same range of periodicity defined for UL transmission without grant is supported for DL SPS in NR

Proposal 2: Up to K HARQ processes can be configured for DL SPS, where K is equal to or less than the maximum number of HARQ processes supported in NR

Proposal 3: For DL SPS, PUCCH resource(s) for transmission of HARQ-ACK are configured by higher layer and is indicated by a field in DCI for activation

Proposal 4: As LTE, if NDI in the received DCI with CRC scrambled with SPS C-RNTI is set to 1, the UE consider the NDI not to have been toggled

Proposal 5: LTE procedure of resource assignment and HARQ process ID calculation can be reused.

Proposal 6: Time domain PDSCH resource field in DCI for DL SPS activation is used to derive time-domain PDSCH resource for DL SPS
Proposal 7: HARQ timing indicator in DCI for DL SPS activation is used to derive HARQ feedback timing for DL SPS

Proposal 8: Special fields in PDCCH for indicating DL SPS activation/release are used for DL SPS activation/release PDCCH validation

-
FFS: details on special fields

Proposal 9: Transmission of HARQ-ACK for a PDCCH indicating DL SPS release is supported
· HARQ timing indicator in DCI for DL SPS release is used to derive HARQ feedback timing
PAGE  
4

