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1 Introduction

The following agreements were made in [90b-LTE-16] Email approval on SPS details [1]: 

· 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.
· The SPS intervals for sPDSCH/sPUSCH can be 1 sTTI minimally and 40ms maximally

· FFS on exact list of SPS intervals
· 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.
This contribution further discusses the remaining issues on SPS design for shortened TTI, mainly focuses on the DMRS sharing in case of 1sTTI SPS interval. 

2 Analysis on DMRS sharing in DL SPS

The minimum SPS interval with 1 sTTI is supported according to the LS from RAN2 to RAN1[2], and also supported by RAN1 in email approval [90b-LTE-16]. So it means sPDSCH can be sent in every sTTI with 1sTTI interval, and DMRS can be in every sTTI if DMRS sharing is not supported.

For non-SPS sTTI scheduling, DMRS sharing among 3 consecutive sTTIs is not supported for DMRS of 2/3-symbol sPDSCH for non-SPS sTTI scheduling. With the same principle, DMRS sharing should not be supported in case of SPS interval larger than 1sTTI. That means each used sTTI always has DMRS and the 1 bit DMRS indication is set to '0' for validation. 
Proposal 1: In case of SPS interval larger than 1 sTTI, DMRS sharing is not supported for DL SPS sTTI scheduling and 1 bit DMRS indication is set to '0' for validation. 

In case of DL SPS with periodicity of 1 sTTI, three options are summarized below according to the email discussion [90b-LTE-16].

· Option 1: No DMRS sharing for DL SPS, and the 1-bit DMRS indication field in DL sDCI for DL SPS is set to '0' for validation. Every sTTI contains DMRS for DMRS-based sPDSCH transmission. 
· Option 2: Using 1-bit DMRS indication field in DL sDCI for DL SPS. The 1 bit is to indicate the DMRS pattern within two consecutive sTTIs, e.g. 
Table 1 DMRS pattern within two consecutive sTTIs for DL SPS
	DMRS pattern

	R|R

	R|D


Note: | denotes the boundary of sTTI. wherein 'R' denotes a sTTI with DMRS and 'D' represents a sTTI has no DMRS.
· Option 3: Starting from the activating sTTI, every other sTTI has DMRS. The DMRS pattern is fixed as {R, D, R, D…} from the sTTI transmitting the SPS activation sDCI. And the 1-bit DMRS indication field in DL sDCI for DL SPS is set to '0' for validation.
DMRS sharing is already supported for DL non-SPS sTTI scheduling by 1 bit DMRS indication field in DL sDCI. And it was also agreed that the DMRS sharing across slots within a subframe is supported. To share the same methodology of reducing DMRS overhead, it is also desirable to support DMRS sharing for DL SPS sTTI scheduling in case of SPS interval with 1 sTTI. So, we propose that,
Proposal 2: In case of DL SPS interval with 1 sTTI, DL DMRS sharing is supported.
Then, option 1 is precluded. The difference between option 2 and option 3 is whether DMRS sharing is always supported by fixed pattern or can be configured. Note that the pattern for DMRS sharing in both options are the same which is 'R|D' within two consecutive sTTIs from the activated sTTI. Then option 2 has more flexibility compared with option 3. If the traffic is intensive, pattern 'R|D' can be used with 50% DMRS overhead reduction. If the traffic is sparse, pattern 'R|R' can be used without DMRS overhead reduction. 

Proposal 3: In case of DL SPS interval with 1 sTTI, using 1-bit DMRS indication field in DL SPS sDCI to indicate the DMRS pattern 'R|R' or 'R|D' within every two consecutive sTTIs.

Considering sPDSCH may not be always transmitted in every SPS interval, it should be further considered on how to transmit data in the second sTTI without DMRS in case of no data transmission in the first sTTI of every two consecutive sTTIs. Note this issue happens for both option 2 and option 3. 
In case of only the second sTTI ('D' without DMRS) has sPDSCH to be transmitted in every two sTTI, as shown in Figure 1, the data can be postponed to the next sTTI with DMRS (Scheme 1) or this sTTI could fall back to 'R', i.e., a sTTI with DMRS (Scheme 2) or eNB always transmits DMRS with valid data or padding bits in the later sTTI (Scheme 3). 
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Figure 1 DMRS sharing within two consecutive sTTIs

Comparing above three schemes, Scheme 1 has no impact on UE behaviors but with one sTTI delay, while Scheme 2 has no additional delay but would introduce additional UE behavior depending on whether there is data transmission in the first sTTI of every two consecutive sTTI. For scheme 3, it is resource wasteful since eNB needs to transmit an empty data packet with DMRS for above case. 

Proposal 4: In case of only the second sTTI ('D' without DMRS) has data to be transmitted in every two DL sTTI, the data can be postponed to the next sTTI with DMRS or this sTTI could fall back to 'R', i.e., a sTTI with DMRS.
3 Analysis on DMRS sharing in UL SPS

In case of DL SPS with periodicity of 1 sTTI, two options as below are listed in the email discussion [90b-LTE-16].
· Option 1: No DMRS sharing for UL SPS, and the 2-bit DMRS position field in UL sDCI for UL SPS is set to '00' for validation. The default DMRS pattern is defined as follows.
	sTTI 0
	sTTI 1
	sTTI 2
	sTTI 3
	sTTI 4
	sTTI 5

	R D D
	R D
	R D
	R D
	R D
	R D D


· Option 2: Using 2-bit DMRS position field in UL sDCI for UL SPS. The 2 bit is to indicate the DMRS pattern within two consecutive sTTIs, e.g. 
Table 2 DMRS pattern within two consecutive sTTIs for UL SPS
	DMRS pattern

	RD_|RD_

	RD_|DD

	_DR|DD

	DD|RD_


Note: | denotes the boundary of sTTI n. wherein 'R' represents DMRS symbol and 'D' represents data symbol. '_' denotes a data symbol for 3-symbol sTTI while not available for 2-symbol sTTI. 
It was also agreed to support DMRS sharing for UL non-SPS sTTI scheduling by 2-bit DMRS position field in UL sDCI. To share the same methodology of reducing DMRS overhead, it is also desirable to support DMRS sharing for UL SPS sTTI scheduling in case of SPS interval with 1 sTTI. So, we propose that,
Proposal 5: In case of UL SPS interval with 1 sTTI, UL DMRS sharing is supported.
Then, option 1 is precluded. As for option 2, the detailed DMRS pattern (e.g. Table 2) for UL SPS can be further determined when it is settled for dynamic scheduling. Take Table 2 as an example, one of the DMRS pattern defined in Table 2 can be indicated by 2-bit DMRS position field in SPS-sDCI, the pattern would be used for every two sTTI starting from the activated sTTI. 

Proposal 6: In case of UL SPS interval with 1 sTTI, using 2-bit DMRS position field in UL SPS sDCI to indicate the DMRS pattern, which can be determined after the UL DMRS discussions are concluded.

Similar as DL, it should be further considered on how to transmit data in the sTTI defined with no DMRS in case of no data transmission in the sTTI with DMRS. We prefer a similar method as DL, so it is proposed that, 
Proposal 7: For UL SPS, in case of only the sTTI defined with no DMRS has data to be transmitted, the data can be postponed to the next sTTI with DMRS or this sTTI could fall back to a sTTI with DMRS.

4 Conclusion

In this contribution, remaining issues on SPS design for shortened TTI are discussed. The following proposals were made: 
Proposal 1: In case of SPS interval larger than 1 sTTI, DMRS sharing is not supported for DL SPS sTTI scheduling and 1 bit DMRS indication is set to '0' for validation. 

Proposal 2: In case of DL SPS interval with 1 sTTI, DL DMRS sharing is supported.
Proposal 3: In case of DL SPS interval with 1 sTTI, using 1-bit DMRS indication field in DL SPS sDCI to indicate the DMRS pattern 'R|R' or 'R|D' within every two consecutive sTTIs.

Proposal 4: In case of only the second sTTI ('D' without DMRS) has data to be transmitted in every two DL sTTI, the data can be postponed to the next sTTI with DMRS or this sTTI could fall back to 'R', i.e., a sTTI with DMRS.
Proposal 5: In case of UL SPS interval with 1 sTTI, UL DMRS sharing is supported.
Proposal 6: In case of UL SPS interval with 1 sTTI, using 2-bit DMRS position field in UL SPS sDCI to indicate the DMRS pattern, which can be determined after the UL DMRS discussions are concluded.

Proposal 7: For UL SPS, in case of only the sTTI defined with no DMRS has data to be transmitted, the data can be postponed to the next sTTI with DMRS or this sTTI could fall back to a sTTI with DMRS.
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