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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 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 [2], 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. If the DMRS is positioned after the associated sTTI, the sTTI decoding latency will be impacted. In order to keep low latency and timely processing, it is not expected the DMRS is placed after the associated sTTI.
Proposal 1: For a given UL sTTI, the associated DMRS should NOT be after 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.  
· The combinations like “_R|DD” means that the associated DMRS is transmitted in the marked position in the front sTTI. 

· For sTTI#2 and sTTI #5, the associated DMRS could be considered to transmitted in the sTTI N+x-2, in this case, the DMRS would be shared by three contiguous sTTIs. As proposed in [2], this approach should be confirmed the feasibility from RAN4 that the impacts of transmission gap when DMRS and data symbols are sent non-contiguously.
· Table 1 is the combination for sTTI#0, for index#0 combination, if the transient period will seriously affect the first symbol, the index#0 of “RDD” would not be used. For sTTI#1 with index#5 and sTTI#2 with index#6, there are the same issues as above bullet. 

· For Table 4 with sTTI#3, to avoid across the slot boundary, the DMRS should be contained within the sTTI, so there are only two combinations for sTTI#3.
· For Table 5 with sTTI#5, considering the possible SRS transmission, there are 10 combinations.
Proposal 2: The combinations in Table 1, 2, 3, 4, 5 should be considered.
Proposal 3: confirm the feasibility DMRS and data symbols are sent non-contiguously from RAN4.
Table 1: The combination for sTTI#0
	
	sTTI#0

	Combination Index
	N+x

	0
	RDD

	1
	DDR

	2
	DRD


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

	Combination Index
	N+x-1
	N+x

	0
	
	RD

	1
	
	DR

	2
	_ _ R
	DD

	3
	_R_
	DD

	4
	R_ _
	DD


Table 3: The combination 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 combination for sTTI#3
	
	sTTI#3

	Combination Index
	N+x-1
	N+x

	0
	
	RD

	1
	
	DR


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

	Combination Index
	N+x-1
	N+x

	0
	
	RD

	1
	
	DR

	2
	_ R
	DD

	3
	R _
	DD


Table 6: The combination 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
If one fixed DMRS symbol shared by multiple sTTIs, the channel estimation accuracy is decreased with the increase of distance between the TTI and its DMRS symbol, especially for higher UE speed and higher MCS. It could be considered to use more DMRS symbols within a subframe to reduce the number of UEs sharing the same DMRS to improve the reliability, however, the DMRS overhead will increase thus the system throughput is degraded. 

Therefore it may be considerable to adjust the DMRS symbol location such that it is closer to the sTTI with higher UE speed and/or higher MCS, in order to improve the transmission reliability. A dynamic L1 signaling can be used to indicate the DMRS symbol location.
As defined tables above, it could be considered to use the table mapping to indicate the DMRS position. The different sTTI needs different bits field, there are 3 bits indication at most. Alternatively, we give two indications method in the next content. 
As shown in figure1, the last symbol in a slot is as reserved resource for SRS or data transmission and a sTTIs can have self-contain or shared DMRS which is located at previous sTTI. For each sTTI, a default DMRS symbol position can be predefined, e.g. the 1st symbol within the sTTI. If dynamically indicated by the eNB, UE could use one alternative symbol location beforehand the sTTI to transmit the DMRS, and share the DMRS with that sTTI which contains the DMRS symbol. The alternative DMRS symbol location can be RRC configured or by hard-coded in the specification. Two examples with 1 or 2 bits dynamic indication are shown in the next content. 

For 1-bit dynamic indication, there is a default DMRS position at first sTTI within every slot, sTTI receives “0”  means it self-contains the DMRS, receives “1” means its DMRS is located in previous sTTI. As shown in figure 1, if sTTI#0 receives “0” in UL grant, it means sTTI#0 self-contains DMRS, and if sTTI#1 receives “1” in UL grant, it indicates sTTI#1 to use DMRS located in sTTI#0 for demodulation.
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Figure 1: Dynamic indication of DMRS position for one bit
For 2-bits dynamic indication, there are three positions candidates within one slot, which could be indicated by 2-bits. As shown in figure 2, sTTI#0-2 receive “00” in UL grant means its DMRS is transmitted in symbol#0, sTTI#5 receives “10” in UL grant means its DMRS is transmitted in the last sTTI within second slot.
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Figure 2: Dynamic indication of DMRS position for two bits
These two methods are not flexible as table mapping but use less bits field 
Proposal 4: One or more additional bits in UL grant is used for dynamic UL DMRS position indication. 
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: For a given UL sTTI, the associated DMRS should NOT be after the associated sTTI.

Proposal 2: The combinations in Table 1, 2, 3, 4, 5 should be considered.

Proposal 3: confirm the feasibility DMRS and data symbols are sent non-contiguously from RAN4.

Proposal 4: One or more additional bits in UL grant is used for dynamic UL DMRS position indication. 
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