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1 Introduction
As discussed in RAN1#88 [1], the 2-symbol uplink partition (3,2,2,2,2,3) was  proposed. And the following agreements are reached: 
· If sPUSCH is transmitted, the number of available symbols for data transmission within a sTTI having 3 symbols is

· 2 or 3 for the sTTI of the 1st slot

· 2: 2 data symbols + 1 DM-RS

· 3: 3 data symbols

· 1 or 2 or 3 for the sTTI of the 2nd slot

· 1: 1 data symbol + 1 DM-RS + 1 SRS symbol

· 2: 2 data symbols + 1 SRS symbol or 2 data symbols + 1 DM-RS symbol

· 3: 3 data symbols
· IFDMA DMRS is supported for 2-symbol based sPUSCH 

·  Support RPF=2

· FFS RPF=4

·  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 RAN1#88bis meeting, the following agreements were made [2]:

Agreement:
· For 2/3-symbol sPUSCH transmission, at least the following configurations are supported and one of the configurations for sTTI#n+x is indicated by the UL grant at sTTI#n, if the scheduled sTTI#n+x includes both data and the associated RS, where x is processing time

· sTTI#n+x = sTTI#0: {R D D}, FFS:{D D R}, FFS: {D R D}

· sTTI#n+x = sTTI#1,2,3,4: {R D}, FFS: {D R}

· sTTI#n+x = sTTI#5: {R D D}, FFS: {D R D}

· FFS if data in the last symbol can be transmitted in cell specific SRS subframes

· Other configurations are not precluded

· FFS for the case where data and associated RS are in different sTTIs
In this contribution, we mainly discuss the UL DMRS position and indication.   
2 Discussion
Combinations for UL-SCH data (D) and DMRS (R)
For UL 2-symbol sTTI operation, the DMRS can be shared by IFDMA method. As discussed in [3], the RPF=4 can be considered in addition to RPF=2. When DMRS is shared, the UL DMRS could be positioned outside of the associated sTTI. 
The combinations for UL-SCH data (D) and DMRS(R) are given in table 1, 2, 3, 4, 5, the UL-SCH scheduled in sTTI N is transmitted in sTTI N+x. Some design considerations are as below 
· To support efficient multiplexing of 2OS and slot level sTTI, the DMRS sharing across the slot boundary is not allowed 

· Maximum flexibility is provided by specification, no special consideration on the potential impact to D or R symbol due to the transient period. eNB is free to not use some combinations if the performance degradation is significant. 
· For sTTI#2 and sTTI #5, the associated DMRS could be considered to be transmitted in the sTTI N+x-2, in this case, the DMRS would be shared by three contiguous sTTIs. This could work as approved in [4] from RAN4, DMRS symbol could be shared in between 2 non-contiguous (in time) sTTI if the gap is equal to up to 2 sTTIs.
· For Table 5 with sTTI#5, considering the possible SRS transmission, the last D in red may be rate matched by SRS. 
Proposal 1: The combinations in Table 1, 2, 3, 4, 5 should be considered 
Table 1: The combinations for sTTI#0
	
	sTTI#0

	Combination Index
	N+x

	0
	RDD

	1
	DDR

	2
	DRD


Table 2: The combinations for sTTI#1
	
	sTTI#1

	Combination Index
	N+x-1
	N+x
	N+x+1

	0
	
	RD
	

	1
	
	DR
	

	2
	_ _ R
	DD
	

	3
	_R_
	DD
	

	4
	R_ _
	DD
	

	5
	
	DD
	R_

	6
	
	DD
	_R


Table 3: The combinations for sTTI#2
	
	sTTI#2 

	Combination Index
	N+x-2
	N+x-1
	N+x

	0
	
	
	RD

	1
	
	
	DR

	2
	
	_ R
	DD

	3
	
	R _
	DD

	4
	_ _ R
	
	DD

	5
	_R_
	
	DD

	6
	R_ _
	
	DD


Table 4: The combinations for sTTI#3
	
	sTTI#3

	Combination Index
	N+x-1
	N+x
	N+x+1

	0
	
	RD
	

	1
	
	DR
	

	2
	
	DD
	R_

	3
	
	DD
	_R


Table 5: The combinations for sTTI#4
	
	sTTI#4

	Combination Index
	N+x-1
	N+x
	N+x+1

	0
	
	RD
	

	1
	
	DR
	

	2
	_ R
	DD
	

	3
	R _
	DD
	

	4
	
	DD
	R_ _

	5
	
	DD
	_R _


Table 6: The combinations for sTTI#5

	
	sTTI#5

	Combination Index
	N+x-2
	N+x-1
	N+x

	0
	
	
	RDD

	1
	
	
	DRD

	2
	
	_R
	DDD

	3
	
	R_
	DDD

	4
	_R
	
	DDD

	5
	R_
	
	DDD


Note: The red D in table 3 denotes the symbol could be occupied for the possible SRS transmission
Dynamic indication of DMRS position
As defined tables above, it could be considered to use the table mapping to indicate the DMRS position using 3 bits indication in UL grant at most. Alternatively, it can be considered further to reduce the required DCI bits.  As one example, the applicable combinations can be configured by RRC and DCI further indicates the combinations within the configured ones, using 1 or 2 bits.
Proposal 2: One or more additional bits in UL grant is used for dynamic UL DMRS position indication. 
Multiple-sTTIs scheduling
When eNB schedule multiple contiguous UL sTTIs, it is not preferable to indicate the DMRS position for every scheduled sTTI. To reduce the signalling overhead, it is preferable to predefine a set of DMRS pattern for multiple-sTTI scheduling. UL sTTI partition is (3, 2, 2, 2, 2, 3), eNB schedule 2 or 3 contiguous sTTIs that not across slot boundary can be regard as baseline. For scheduling two contiguous sTTIs, there are three sTTIs structures, (3, 2), (2, 2) and (2, 3). For scheduling three contiguous, there are two sTTIs structures, (3, 2, 2) and (2, 2, 3). An example is shown in figure 1, for every multiple-sTTIs structure, there are two candidate DMRS patterns. Assume eNB schedule N (N>1) contiguous sTTIs, it could choose one of the candidate DMRS patterns according to transmission conditions like UE speed, MCS order to obtain a better channel estimation performance or keep less DMRS overhead.  The candidate DMRS pattern can be pre-configured by RRC or hard-coded in the specification. 
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Figure 1: The candidate DMRS pattern for multi-sTTI scheduling
Proposal 3: For contiguous multiple-sTTIs scheduling, a set of DMRS patterns for multiple sTTI should be defined. 
3 Conclusion

In this contribution, the considerations of combination of DMRS and data were provided. Based on the discussion, we have the following observations and proposals:
Proposal 1: The combinations in Table 1, 2, 3, 4, 5 should be considered.

Proposal 2: One or more additional bits in UL grant is used for dynamic UL DMRS position indication. 
Proposal 3: For contiguous multiple-sTTIs scheduling, a set of DMRS patterns for multiple sTTI should be defined. 
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