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1 Introduction

In the RAN1##90bis meeting, SPS was discussed and it was agreed that [1][2]:
	Agreements:

-
RAN2 sees benefits to support SPS for short TTI

-
Same LCP restriction as dynamic grant will apply for SPS grant.   

-
sTTI SPS intervals are configured by RRC. New sTTI-based interval values are introduced. The minimum value of 1 sTTI is supported.  Other values are FFS.  

-
In DL/UL SPS with asynchronous HARQ, the HARQ process ID is derived from the sTTI-number (index of sTTI within subframe).  Details are FFS

-
Send LS to RAN1 to indicate RAN2 desire to support SPS and agreements.  Ask the feasibility of SPS activation/deactivation for sTTI


In addition, some agreements were achieved after email discussion [3] and some of them are listed here for further discussion.
· SPS validation of activation/release of assignment for sPDSCH/sPUSCH is supported.
· UE shall monitor at least sPDCCH of sTTI#1 to #5 for validation of a sDCI with SPS assignment for sPDSCH and sPUSCH. 
· FFS UE shall monitor PDCCH of sTTI#0 for validation of a sDCI with SPS assignment for sPDSCH and sPUSCH.
· A UE shall validate a SPS assignment control channel for sPDSCH/sPUSCH if at least all the following conditions are met: 

· the CRC parity bits obtained for the control channel payload are scrambled with the Semi-Persistent Scheduling C-RNTI,

· the new data indicator field is set to '0'.

· FFS other conditions
· The 2-bit SPUCCH resource indication field is used to indicate one of the four resources/resource groups configured by higher layer as the sPUCCH resource for HARQ-ACK feedback to SPS sPDSCH.
The contribution mainly provides our views on SPS operation for sTTI. 
2 Support of Semi-Persistent Scheduling
One remaining issue is on the monitoring of sDCI for SPS:
FFS UE shall monitor PDCCH of sTTI#0 for validation of a sDCI with SPS assignment for sPDSCH and sPUSCH.
Since sDCI can be transmitted on legacy PDCCH of sTTI#0, it is reasonable to support monitoring PDCCH of sTTI#0 for validation of sDCI with SPS assignment. Note that to reduce BDs, the same sDCI length should be kept for SPS scheduling with SPS C-RNTI and dynamic scheduling with C-RNTI.

Proposal 1: sDCI scrambled with SPS C-RNTI can be transmitted on PDCCH of sTTI#0.
Fields for SPS activation and Release PDCCH/sPDCCH validation
Following the legacy scheme, for SPS activation, except for the CRC parity bits scrambled with the SPS C-RNTI and new data indicator field is set to '0', at least the following conditions should be met:
· TPC command for sPUSCH/sPUCCH: set to ‘00’
· MSB of MCS: set to ‘0’
· RV: set to ‘00’
· HARQ process number (assuming 4 bits): set to ‘0000’
· Cyclic shift for DMRS and IFDMA configuration: set to all ‘0’s
Following the legacy scheme, for SPS Release, except for the CRC parity bits scrambled with the SPS C-RNTI and new data indicator field is set to '0', at least the following conditions should be met:

· TPC command for sPUSCH/sPUCCH: set to ‘00’
· MCS: set to ‘11111’
· RV: set to ‘00’
· HARQ process number (assuming 4 bits): set to ‘0000’ 

· Resource block assignment: set to all '1's
· Cyclic shift for DMRS and IFDMA configuration: set to all ‘0’s
Note that since it was agreed that the 2-bit SPUCCH resource indication field is used to indicate one of the four resources/resource groups configured by higher layer as the sPUCCH resource for HARQ-ACK feedback to SPS sPDSCH, TPC command for sPUCCH is redundant for SPS and can be set to ‘00’.
According to [4], it is possible that there are many sDCI formats. Here the special fields for SPS activation/release are given in Table 1 and Table 2 based on sDCI format 7-0A and sDCI format 7-1A.
Table 1: Special fields for Semi-Persistent Scheduling Activation PDCCH/sPDCCH Validation

	
	sDCI UL format 7-0A
	sDCI DL format 7-1A

	TPC command for scheduled sPUSCH
	set to '00'
	N/A

	TPC command for sPUCCH
	N/A
	set to '00'

	Modulation and coding scheme 
	MSB is set to '0'
	MSB is set to '0'

	Redundancy version
	set to '00'
	set to '00'

	HARQ process number (assuming 4 bits)
	set to '0000'
	set to '0000'

	Used/Unused SPDCCH resource indication 


	N/A
	FFS

	Cyclic shift for DMRS and IFDMA configuration
	Set to all '0's
	N/A

	DMRS pattern 
	FFS
	FFS

	Cyclic Shift Field mapping table for DMRS 
	set to '0'
	N/A


Table 2: Special fields for Semi-Persistent Scheduling Release PDCCH/sPDCCH Validation
	
	sDCI UL format 7-0
	sDCI DL format 7-1

	TPC command for scheduled sPUSCH
	set to ‘00’
	N/A

	TPC command for sPUCCH
	N/A
	set to '00'

	Modulation and coding scheme 
	set to '11111'
	set to '11111'

	Redundancy version
	set to '00'
	set to '00'

	Resource block assignment
	Set to all '1's
	Set to all '1's

	HARQ process number (assuming 4 bits)
	set to '0000'
	set to '0000'

	Used/Unused SPDCCH resource indication 


	N/A
	FFS

	Cyclic shift for DMRS and IFDMA configuration
	Set to all '0's
	N/A

	DMRS pattern
	FFS
	FFS

	Cyclic Shift Field mapping table for DMRS 
	set to '0'
	N/A


Proposal 2: for SPS activation, except for the CRC parity bits scrambled with the SPS C-RNTI and new data indicator field is set to '0', at least the following conditions should be met:

· TPC command for sPUSCH/sPUCCH: set to ‘00’
· MSB of MCS: set to ‘0’
· RV: set to ‘00’
· HARQ process number (assuming 4 bits): set to ‘0000’
· Cyclic shift for DMRS and IFDMA configuration: set to all ‘0’s
Proposal 3: for SPS Release, except for the CRC parity bits scrambled with the SPS C-RNTI and new data indicator field is set to '0', at least the following conditions should be met:

· TPC command for sPUSCH/sPUCCH: set to ‘00’
· MCS: set to ‘11111’
· RV: set to ‘00’
· HARQ process number (assuming 4 bits): set to ‘0000’ 

· Resource block assignment: set to all '1's

· Cyclic shift for DMRS and IFDMA configuration: set to all ‘0’s
sPUSCH DMRS in SPS operation
Since a UE can skip sPUSCH transmission when there is no data in buffer, it is hard to indicate DMRS pattern with SPS activation DCI. For simplicity, DMRS sharing is not supported for UL SPS, and the 2-bit DMRS pattern field for UL SPS is set to '00' for validation. In each 2/3-symbol sTTI, DMRS can be placed in the first symbol.

Proposal 4: for UL SPS, DMRS is placed in the first symbol of each 2/3-symbol sTTI and 2-bit DMRS pattern field for UL SPS is set to '00' for validation.
sPDSCH DMRS in SPS operation
It is beneficial to support DL DMRS sharing to reduce the RS overhead and UE complexity. To provide flexibility, eNB can reuse 1-bit DMRS pattern field to indicate DMRS pattern within two consecutive sTTIs, e.g. 
Table 3 DMRS pattern within two consecutive sTTIs for DL SPS
	DMRS pattern

	R|R

	R|D


Proposal 5: for DL SPS, the DMRS sharing within two consecutive sTTIs can be indicated.
3 Power control in SPS operation
Following the legacy behavior, DCI format 3/3A in CSS can be used to carry TPC command of sPUCCH and sPUSCH in SPS operation. New parameter tpc-Index for sTTI is provided by higher layers. To provide flexibility, TCP commands for sTTI and 1ms TTI can be carried by the same DCI format 3/3A or carried by different DCI format 3/3A.
The processing timing of DCI format 3/3A in sTTI operation should be aligned with the configured processing timing for UL grant to UL data and for DL data to DL HARQ.
In addition, between DCI format 3/3A and sPUCCH/sPUSCH in SPS operation, if there is an sDCI scrambled with C-RNTI, transmission power of sPUCCH/sPUSCH in SPS operation can adjust according to TPC command in the sDCI.
Proposal 6: TCP commands for sTTI and 1ms TTI can be carried by the same DCI format 3/3A or different DCI format 3/3A.
Proposal 7: The processing timing of DCI format 3/3A in sTTI operation should be aligned with the configured processing timing for UL grant to UL data and for DL data to DL HARQ.

Proposal 8: Except for DCI format 3/3A, transmission power of sPUCCH/sPUSCH in SPS operation can be adjusted according to the latest valid TPC command in the sDCI scrambled with C-RNTI.
4 Conclusion
The contribution mainly provides our views on SPS. Based on the discussion, we have the following proposal:

Proposal 1: sDCI scrambled with SPS C-RNTI can be transmitted on PDCCH of sTTI#0.
Proposal 2: for SPS activation, except for the CRC parity bits scrambled with the SPS C-RNTI and new data indicator field is set to '0', at least the following conditions should be met:

· TPC command for sPUSCH/sPUCCH: set to ‘00’
· MSB of MCS: set to ‘0’
· RV: set to ‘00’
· HARQ process number (assuming 4 bits): set to ‘0000’
· Cyclic shift for DMRS and IFDMA configuration: set to all ‘0’s
Proposal 3: for SPS Release, except for the CRC parity bits scrambled with the SPS C-RNTI and new data indicator field is set to '0', at least the following conditions should be met:

· TPC command for sPUSCH/sPUCCH: set to ‘00’
· MCS: set to ‘11111’
· RV: set to ‘00’
· HARQ process number (assuming 4 bits): set to ‘0000’ 

· Resource block assignment: set to all '1's

· Cyclic shift for DMRS and IFDMA configuration: set to all ‘0’s
Proposal 4: for UL SPS, DMRS is placed in the first symbol of each 2/3-symbol sTTI and 2-bit DMRS pattern field for UL SPS is set to '00' for validation.
Proposal 5: for DL SPS, the DMRS sharing within two consecutive sTTIs can be indicated.
Proposal 6: TCP commands for sTTI and 1ms TTI can be carried by the same DCI format 3/3A or different DCI format 3/3A.
Proposal 7: The processing timing of DCI format 3/3A in sTTI operation should be aligned with the configured processing timing for UL grant to UL data and for DL data to DL HARQ.

Proposal 8: Except for DCI format 3/3A, transmission power of sPUCCH/sPUSCH in SPS operation can be adjusted according to the latest valid TPC command in the sDCI scrambled with C-RNTI.
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