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1 Introduction

In the RAN1#87 meeting, the following agreements related to UL DMRS indication and candidate position for 2-symbol sPUSCH were agreed in [1]:
· The presence (if any) and the position of the UL DMRS is given or determined by the UL grant, 

· The UL DMRS can be positioned before or within the associated sTTI 

· FFS: The UL DMRS can be positioned after the associated sTTI 

In the RAN1#88 meeting, the layout of 2-symbol sTTI was agreed as {3, 2, 2, 2, 2, 3} and the following agreements related to UL DMRS pattern and sequence were agreed in [2]:
· 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)
This contribution discusses UL DMRS design for 2-symbol sPUSCH, mainly focuses on candidate DMRS positions and DMRS indication. Other aspects related to UL DMRS design like the supported number of layer for sPUSCH and whether to support RPF=4 are discussed in our companion contribution [3].    
2 UL DMRS candidate positions for sPUSCH in sTTI n 
If the UL DMRS is positioned after the associated sTTI in the case of DMRS sharing/multiplexing for 2/3-symbol sTTI, the eNB has to wait DMRS reception for channel estimation before demodulation and the processing time of this sTTI will be impacted. So it is preferred to transmit DMRS before or within the associated sTTI. 
Proposal 1: UL DMRS shall NOT be positioned after the associated sTTI.
According to [4], it is a common understanding that: 

· DMRS could be shared, if the transmission gap is 1 or 2 sTTI durations, and: 

· UE is indicated to keep its PLL ON 

· No power change between the two discontiguous sTTIs 

· No BW change between the two discontiguous sTTIs
That is to say, it is possible to support DMRS sharing for the case that DMRS and data transmitted on two discontiguous sTTIs with a gap of 2-sTTI, which is facilitate for DMRS multiplexing between different users. In legacy LTE, 1 slot contains 1 DMRS symbol. For 2-symbol sTTI, 1 slot contains 3 sTTIs. So it seems reasonable that the allowed maximum distance between DMRS located sTTI and the associated sTTI is 2 sTTIs for DMRS sharing/multiplexing considering both control signaling overhead for indicating DMRS position and channel estimation performance. In addition, DMRS could be placed on the first symbol or the last symbol of the DMRS located sTTI to facilitate multiple sTTI multiplexing.
Proposal 2: The distance between the DMRS located sTTI and the associated sTTI shall not be larger than 2 TTIs.

Based on the above discussion, the candidate DMRS positions for the associated 2/3-symbol sTTI n could be the first symbol or the last symbol of sTTI n, sTTI n-1, and sTTI n-2, as shown in Table 1. The bracketed (D) means the data symbol(s) may or may not be used for sPUSCH transmission for the UE in sTTI n. 
Table 1. DMRS candidate positions for sPUSCH on sTTI n
	sTTI n-2
	sTTI n-1
	sTTI n

	
	
	RD/RDD

	
	
	DR/DDR

	
	R(D)/R(DD)
	DD/DDD

	
	(D)R/(DD)R
	DD/DDD

	R(D)/R(DD)
	(DD)/(DDD)
	DD/DDD

	(D)R/(DD)R
	(DD)/(DDD)
	DD/DDD


Proposal 3: The candidate DMRS positions for the associated sTTI n could be the first symbol or the last symbol of sTTI n, sTTI n-1, and sTTI n-2.
Details of DMRS indication method is discussed in section 3.
3 UL DMRS indication for 2/3-symbol sPUSCH
For 2/3-symbol sTTI, DMRS position, DMRS pattern, and cyclic shift used to generate a DMRS sequence shall be indicated to UE. In previous meetings, two kinds of DMRS position indication methods as below are discussed: 

· Method 1: Indicate the presence and/or position of UL DMRS in UL grant

The method indicates DMRS position in one sTTI and/or DMRS presence in the sTTI. That is, it will indicate whether there is a DMRS or not in the corresponding sTTI with sPUSCH transmission. There are two cases to consider:

Case 1: one UE is scheduled with several consecutive sPUSCHs. In this case, only the first sPUSCH need to be indicated to include DMRS, and the following sPUSCH can share this DMRS to reduce overhead.  However, if UE misses the UL grant of the sPUSCH with DMRS and receives the UL grant(s) of the following sPUSCH without DMRS, the receiving of the following sPUSCH(s) are also failed due to lack of DMRS. 
Case 2: several UEs share the same DMRS symbol position. In this case, multiple UEs scheduled in different sTTIs are indicated to transmit the UL DMRS in the same DMRS symbol. This also helps to reduce DMRS overhead from network perspective. As a result, a DMRS-only UL grant and a DMRS-absence UL grant are needed to indicate the DMRS position and sPUSCH transmission without DMRS respectively. The signalling overhead is further increased. 

· Method 2: Indicate the position of UL DMRS in every UL grant

On the contrary, the above mentioned issues can be solved by indicating DMRS positions in every UL grant directly, no matter the UL DMRS for this sTTI is inside or before  the sTTI. With this method, every UL grant contains complete information for UL DMRS and sPUSCH. On the other hand, the time gap between the received UL grant and the DMRS transmission shall be carefully considered. For example, considering the processing time of sPDCCH detection and DMRS generation, the minimum timing between UL grant and DMRS transmission can be n+4 with the assumption of maximum TA values 0.33ms and n+2 with the assumption of maximum TA values 0.067ms. With n+6 HARQ timing, UE could have sufficient time to transmit DMRS before transmit its associated sPUSCH. 
Considering that the method of indicating presence of DMRS has negative impacts on sPUSCH transmission and increased signaling overhead, we slightly prefer that only the UL DMRS position is indicated by the UL grant. 
Proposal 4: For 2-symbol sTTI, DMRS position for sPUSCH demodulation is indicated in the corresponding UL grant. 
Generally speaking, DMRS position, DMRS pattern, and cyclic shift can be indicated separately to UE. Assume 3 bits to indicate 6 DMRS position, 1 bit to differentiate CDM or IFDMA pattern, 1 bit to indicate IFDMA configuration, and 3 bits to indicate cyclic shift, the total signaling overhead will be 8 bits, which is a large burden in UL grant. So removing some redundant states is worth studying. 

· Remove unnecessary indication for IFDMA configuration

As discussed in our companion contribution [3], IFDMA DMRS with RPF=2 is supported for sTTI. To reduce the indication states, some unnecessary indication for IFDMA configuration can be removed. For example,  for the case of sharing same DMRS symbol among different UEs in different sTTIs, a fixed IFDMA configuration (e.g. even subcarriers) can be used for the DMRS transmitted without sPUSCH in the same sTTI, while the DMRS transmitted with sPUSCH in the same sTTI uses the other IFDMA configuration (i.e. odd subcarriers). In addition, different IFDMA configurations can be used for different UEs multiplexing in the same sTTI with DMRS transmission, therefore the IFDMA configuration can be either odd subcarriers or even subcarriers in this case. 
Proposal 5: Fixed IFDMA configuration is used for the DMRS transmitted in a sTTI containing DMRS only.

· Remove unnecessary indication for cyclic shift 

In legacy LTE, one of 8 candidate cyclic shifts is indicated to UE via UL grant to implicitly indicate the PHICH resource. Since there is no PHICH channel for sTTI transmission, it seems the number of candidate cyclic shifts for each sTTI could be reduced. 
Proposal 6: Reduce the number of candidate cyclic shifts for each sTTI. 

Regarding indication of position, pattern, and cyclic shift for DMRS transmission for 2/3-symbol sTTI, jointly indicating the above three parameters instead of separately indication could save bits since joint indication could remove some redundant states. One example of joint indication can be found in Table 2, where 1 bit is used to indicate CDM or IFDMA pattern and 3 bits are used to indicate position, cyclic shift, and IFDMA configuration jointly. Note that it is assumed maximum 4 layers are supported for CDM pattern and maximum 2 layers are supported for IFDMA pattern. 
Table 2. An example of joint DMRS indication
	Index
	CDM/0
	IFDMA/1

	
	position
	cyclic shift
	position
	IFDMA configuration
	cyclic shift

	000
	sTTI n, 1st symbol
	[0 6 3 9]
	sTTI n，1st symbol
	even subcarriers
	[0 6]

	001
	sTTI n, 1st symbol
	[4 10 7 1]
	sTTI n，1st symbol
	odd subcarriers
	[0 6]

	010
	sTTI n, last symbol
	[3 9 6 0]
	sTTI n，last symbol
	even subcarriers
	[6 0]

	011
	sTTI n, last symbol
	[10 4 1 7]
	sTTI n，last symbol
	odd subcarriers
	[6 0]

	100
	sTTI n-1, 1st symbol
	[2 8 5 11]
	sTTI n-1，1st symbol
	even subcarriers
	[4 10]

	101
	sTTI n-1, last symbol
	[8 2 11 5]
	sTTI n-1，last symbol
	even subcarriers
	[10 4]

	110
	sTTI n-2, 1st symbol
	[3 9 6 0]
	sTTI n-2，1st symbol
	even subcarriers
	[3 9]

	111
	sTTI n-2, last symbol
	[9 3 0 6]
	sTTI n-2，last symbol
	even subcarriers
	[9 3]


Proposal 7: Jointly indicate the position, IFDMA configuration and/or cyclic shift for the UL DMRS in the UL grant scheduling a 2-symbol sPUSCH. 
4 Conclusion
In this contribution, the UL DMRS candidate positions for sTTI n are discussed and we have following proposals:
Proposal 1: UL DMRS shall NOT be positioned after the associated sTTI.
Proposal 2: The distance between the DMRS located sTTI and the associated sTTI shall not be larger than 2 TTIs.

Proposal 3: The candidate DMRS positions for the associated sTTI n could be the first symbol or the last symbol of sTTI n, sTTI n-1, and sTTI n-2.
In addition, the detailed DMRS indication method is also discussed and we have following observation and proposals:

Observation: Indicating the UL DMRS presence is not reliable and efficient. 
Proposal 4: For 2-symbol sTTI, DMRS position for sPUSCH demodulation is indicated in the corresponding UL grant. 

Proposal 5: Fixed IFDMA configuration is used for the DMRS transmitted in a sTTI containing DMRS only.

Proposal 6: Reduce the number of candidate cyclic shifts for each sTTI. 

Proposal 7: Jointly indicate the position, IFDMA configuration and/or cyclic shift for the UL DMRS in the UL grant scheduling a 2-symbol sPUSCH. 
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