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1 Introduction

In RAN1 #91, followings were agreed to support DL SPS operation for NR.
Agreements:

· Send an LS to RAN2 to inform following:

· Answer to Q1: RAN1 believes that it is feasible to support DL SPS operation in NR. The NR DL SPS scheme has no significant differences compared with LTE DL SPS scheme.

· Answer to Q2: RAN1 believes that at least the set of periodicities of DL SPS resource is same as that of LTE DL SPS. RAN1 has not been studied the periodicities shorter than that of LTE range. Note that there is no implication and impacts on any design and decision on uplink data transmission without grant.

· Answer to Q3: At least for type 1 UL transmission without UL grant:

· RAN1 agreed to support multiple resource configurations for UL transmission without UL grant for single serving cell. 

·  Up to RAN2 to decide whether or not the RNTI is separately configured for the multiple resource configurations

· Following parameters are configured for DL SPS by UE-specific RRC signaling 
· a new RNTI for SPS (e.g. SPS C-RNTI)
· semiPersistSchedIntervalDL
· numberOfConfSPS-Processes
· PUCCH-AN-PersistentList
In addition, following HARQ-feedback timing was agreed for DL SPS in RAN1#AH1801 meeting.

Agreements:

· Upon detection of a DL SPS PDSCH in slot n, UE transmits HARQ-ACK in slot n+k when there is no contradicting semi-static configuration, where k is given by the PDSCH-to-HARQ-timing-indicator field carried in the activation DCI for the DL SPS process.

· FFS: how to handle the case when the semi-static configuration conflicts at slot n+k

· FFS: how to handle the case with dynamic SFI

· The contradicting semi-static configuration is defined as when there is at least one semi-statically configured DL symbol overlaps with the symbol(s) carrying HARQ-ACK in slot n+k

This contribution discuss about remaining aspects on DL SPS operation in NR.
2 NR 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 NR also supports DL SPS from the first release. The NR SPS scheme has no significant differences compared with LTE DL SPS scheme followings are still open to be discussed to complete NR DL SPS operation
2.1 Remaining issues on DL SPS
DL resource allocation

Unlike LTE, in addition to frequency resource allocation, NR supports dynamic time domain resource allocation. However, it is still not clear how PDSCH resource (e.g. starting symbol and duration) defines in current specification. To assign time domain resource for DL SPS, following two options can be considered.

1) Time-domain PDSCH resource for DL SPS is configured by RRC

2) Time domain resource assignment in a DCI for DL SPS  activation is applied
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 1: Time domain resource allocation field in a DCI for DL SPS activation is used to derive time-domain resource for DL SPS.
HARQ timing
For DL SPS PDSCH, the HARQ-ACK timing is derived by PDSCH-to-HARQ-timing-indicator field carried in the activation DCI. Upon detection of a DL SPS PDSCH in slot n, UE transmits HARQ-ACK in slot n+k when there is no contradicting semi-static DL/UL configuration, where k is given by the PDSCH-to-HARQ-timing-indicator field in the activation DCI. The open issue is UE behavior when slot n+k conflicts with semi-static DL/UL configuration and dynamic SFI.
Generally, the UE behavior should be similar as Type 2-grant free UL transmission since DL SPS operation is basically the same as Type-2 grant free UL. More specifically, for the first SPS PDSCH reception and its HARQ-ACK feedback after the activation, the UE behavior follows the grant-based UE specific data. UE is not expected to be scheduled in a slot conflicts with the direction indicated either by dynamic SFI or semi-static DL/UL configuration, and the scheduling can overwrite the ‘unknown’ symbols/slots indicated by dynamic SFI or semi-static DL/UL configuration. For the sub-sequent SPS PDSCH reception and HARQ-ACK feedback, it shall follow the procedure of periodic signals. UE is not expected to have conflicted direction with the direction indicated by semi-static DL/UL configuration, and SPS PDSCH reception or HARQ-ACK feedback can be cancelled by dynamic SFI.  
Proposal 2: When HARQ-ACK feedback in slot n+k is conflicted with semi-static DL/UL configuration or dynamic SFI, UE shall cancel HARQ-ACK transmission

HARQ resource
In LTE, a TPC command for PUCCH field in a DCI format that indicates DL SPS activation shall be used as an index to one of the four PDCCH resource indices configured by higher layers. In NR, PUCCH resource indicator field is explicitly included in the DCI, it is desirable that the HARQ-ACK resource for DL SPS PDSCH is determined by PUCCH resource indicator field carried in the activation DCI.

Proposal 3: HARQ-ACK resource for DL SPS PDSCH is determined by PUCCH resource indicator field in the activation DCI.

DCI format and 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


Similar to PDCCH validation in LTE, following fields can be considered as specifial field for DL SPS activation/release in NR. For the flexibility and reliability, both fallback DCI and non-fallback DCI can be considered for activation/release DCI. More detail can be discussed after the DCI design is finalized.
Table 2 Example of special fields for DL SPS activation/release PDCCH validation in NR

	
	Activation (DCI format 1_0)
	Release (DCI format 1_0)

	Identifier for DCI formats
	-
	-

	Frequency domain resource assignment
	-
	set to all ’1's

	Time domain resource assignment
	-
	set to all '1's

	VRB-to-PRB mapping
	-
	

	Modulation and coding scheme
	MSB is set to ‘0’
	set to all ‘1’s

	New data indicator
	-
	-

	Redundancy version
	set to ‘00’
	set to ‘00’

	HARQ process number
	set to '0000'
	set to '0000'

	Downlink assignment index
	-
	-

	TPC command for scheduled PUCCH
	-
	-

	PUCCH resource indicator
	-
	-

	PDSCH-to-HARQ_feedback timing indicator
	-
	-


Proposal 4: At least fallback DCI can be used for activation/release DCI. 

Proposal 5: Similar to LTE, some of fields in the DCI can be set to default value for validation of activation/release.
· FFS: details on special fields

3 Conclusions 

This contribution discusses remaining issues on NR DL SPS operation, and proposes the followings.
Proposal 1: Time domain resource allocation field in a DCI for DL SPS activation is used to derive time-domain resource for DL SPS.

Proposal 2: When HARQ-ACK feedback in slot n+k is conflicted with semi-static DL/UL configuration or dynamic SFI, UE shall cancel HARQ-ACK transmission

Proposal 3: HARQ-ACK resource for DL SPS PDSCH is determined by PUCCH resource indicator field in the activation DCI.

Proposal 4: At least fallback DCI can be used for activation/release DCI. 

Proposal 5: Similar to LTE, some of fields in the DCI can be set to default value for validation of activation/release.

· FFS: details on special fields
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