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1	Introduction
Note: This paper is a revised version of R1-1712790.
Agreement:
· IFDMA DMRS is supported for 2-symbol based sPUSCH
· Support RPF=2
· Each comb supports up to 2 layers multiplexing for IFDMA DMRS for 2/3-symbol sPUSCH
· Support UL DMRS EPRE power boosting to maintain same transmit power for both DMRS symbol and data symbol
· No new UL DMRS sequence generation compared to PUSCH in Rel-14 (including new sequence length from eFD-MIMO)

In [1], we discussed some design details related to sPUSCH, and proposed to consider 1 codeword and up to 2 layers in the UL. In this paper, we discuss the DMRS design for sPUSCH in more details. 
2	Uplink DMRS Design
When only the transmission of 1 codeword is allowed in the uplink, similar to the legacy operation, the same precoding weights applied to each layer will be applied to its associated DMRS. The two DMRS sequences can then be sent over the DMRS symbol using different cyclic shifts.
Proposal 1: Consider a 1-CW transmission in the UL with up to two layers, where the precoding weights applied to each DMRS are the same as those of the data layers, and DMRSs are further distinguished via using different cyclic shifts.  
As agreed, the IFDMA based DMRS with RPF = 2 is supported in UL. When multiple users, with possibly partially overlapping UL resources, should share a DMRS symbol, the IFDMA based approach with RPF = 2 is useful. Otherwise, a UE should be able to reuse all the UL resources. The value of RPF and the comb index can be indicated to the UE via the UL grant.
Proposal 2: The value of RPF and the comb index can be indicated to the UE via the UL grant.
3	Additional UL DMRS Pattern
In RAN1 #89, is was agreed that:
Agreement:
· In case of 2/3os in UL, the following DMRS placement can be indicated by an UL grant in sTTI#n-x which schedules sPUSCH in sTTI n, where x is processing time configured for a PUCCH group
· Note: Other combinations are FFS.

	DMRS position pattern indicated by a UL grant scheduling sPUSCH in sTTI n

	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

	D D R
	D R
	D D
	D R
	D R
	

	
	D D
	
	D D | R
	D D
	

	
	D D | R
	
	
	D D | R
	


Note: | denotes the boundary of sTTI n
The last symbol of sTTI#5 may be used for the SRS transmission, which introduces a transient period due to either the change of transmit power or the change of allocation. In such a case, the pattern of sTTI#5 is [R,D,SRS]. If this transient time is placed in the D symbol either fully or partially, the quality of the data demodulation may be impacted. Depending on the data modulation order, the data rate, etc., the impact of the transient time on the D symbol could be more pronounced. Hence, in some scenarios, it makes sense to protect the D symbol against the impacts of the transient time. We therefore propose that:
Proposal 3: For the 3-symbol sTTI#5, the [D,R,D] pattern is supported.
Based on the requirement of a given scenario, the eNB has the flexibility to either use the [R,D,D] or the [D,R,D] pattern.
4	         Conclusions  
Proposal 1: Consider a 1-CW transmission in the UL with up to two layers, where the precoding weights applied to each DMRS are the same as those of the data layers, and DMRSs are further distinguished via using different cyclic shifts.  
Proposal 2: The value of RPF and the comb index can be indicated to the UE via the UL grant.
Proposal 3: For the 3-symbol sTTI#5, the [D,R,D] pattern is supported.
5	         References   
[bookmark: _GoBack][1] R1-1718112, “sPUSCH Design,” Qualcomm.


2/2
