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1 Introduction

In previous meetings, the following has been agreed:
· At least for 2-symbol based sTTI, UL DMRS position for sPUSCH is indicated by eNB

· FFS how to indicate UL DMRS position

· FFS whether or not to support fixed UL DMRS position
· For 2-symbol TTI, RAN1 will down-select UL sTTI structure among the following options:

· Option 1: fixed sTTI structure 
· …
· Option 1a: without spanning over slot boundary

· The presence (if any) and the position of the UL DMRS is given by the UL grant, 

· If the UL DMRS is present it can be positioned before, within or after the sTTI

· …
· Option 2: fixed nominal sTTI starting points and a possibility to delay the start of the transmission by N symbols with an indication in the UL grant 

· The presence (if any) and the position of the UL DMRS is given by the UL grant, 

· If the UL DMRS is present it can be positioned before, within or after the sTTI 
· …
This contribution mainly discusses the UL DMRS indication to support sPUSCH transmission based on 2-symbol sTTI. In addition, the DMRS sharing/multiplexing between different bandwidth allocation and frequency offset estimation for sTTI are also discussed.
2 UL RS for short TTI 
2.1 DMRS indication in 2-symbol UL sTTI
For 2-symbol sTTI, it has been agreed that DMRS position for sPUSCH is indicated by eNB. In this section, we further discuss candidate methods on how to indicate UL DMRS position. 
Method1: Indicate the presence and/or position of UL DMRS in UL grant

One straightforward way is that eNB uses 1 bit in each UL grant to indicate whether there is a DMRS or not in the corresponding sPUSCH. There are two cases to consider:

Case1: one UE is scheduled with several consecutive sPUSCH. 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 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 were 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. 
Observation:  Indicating the UL DMRS presence is not reliable and efficient.
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 outside of the sTTI. With this method, every UL grant contains complete information for UL DMRS and sPUSCH.

Two alternatives can be considered for indicating the UL DMRS position in the UL grant, corresponding to two options of DMRS positions [1].
One alternative is that UL grant indicates an absolute DMRS position. As illustrated in the left figure of Figure 1, 4 candidate DMRS positions in a subframe are fixed in symbols {#0, #3, #7, #10}, and 2 bits in sDCI are used to indicate these positions. E.g., ‘01’ in UL grant indicates that the UE shall transmit a DMRS on symbol #3 for demodulation of the sPUSCH scheduled by the UL grant, which may be in sTTI 1 or other sTTIs. 
Another alternative is that the UL grant indicates a relative DMRS position compared to the scheduled sPUSCH. In this case, the DMRS position in each sTTI is fixed to the 1st symbol of each sTTI. As illustrated in right figure of Figure 2, UL grant is to schedule sPUSCH in sTTI n, 2 bits in UL grant are used to indicate which of the 4 consecutive sTTIs (sTTI n-3, sTTI n-2, sTTI n-1 and sTTI n) contains DMRS for sTTI n demodulation. E.g, in a UL grant scheduling sTTI 4, DMRS indication bits “00” indicates that DMRS is transmitted in the scheduled sTTI 4, and “01” indicates that DMRS is transmitted in sTTI 3.
For both of the above alternatives, the time gap between the received UL grant and the DMRS transmission shall be carefully considered. Considering the processing time of sPDCCH detection and DMRS generation, the minimum timing between UL grant and DMRS transmission can be n+3 for 2-symbol sTTI. 
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Figure 1. DMRS indication methods for 2-symbol sPUSCH

Table 1 summarizes the advantages and disadvantages of the above methods.
Table 1 Summary of DMRS indication methods
	
	Method 1: Indicate the presence and/or position of UL DMRS
	Method 2: Indicate the position of UL DMRS

	
	
	Alt 1: Indication of absolute DMRS position
	Alt 2: Indication of relative DMRS position compared to sPUSCH 

	Advantage 
	· 
	· No impact to sPUSCH receiving
· Self-contained UL grant decoding 

· Non-additional UL grant for DMRS-only transmission
	· No impact to sPUSCH receiving
· Self-contained UL grant decoding 

· Non-additional UL grant for DMRS-only transmission 
· Allow flexible DMRS positions

	Disadvantage 
	· Increased sPUSCH failure rate

· UE misses the UL grant indicating DMRS presence
· Increased signaling overhead
· 2 UL grants for one sPUSCH if DMRS and data are in two sTTIs 
	· Consider processing time between UL grant reception and DMRS transmission in eNB scheduling
	· Consider processing time between UL grant reception and DMRS transmission in eNB scheduling


Considering that the method of indicating presence of DMRS has negative impacts on sPUSCH receiving and increased signaling overhead, we propose that only the UL DMRS position is indicated by the UL grant.
Proposal 1: For 2-symbol sTTI, only DMRS position for sPUSCH demodulation is indicated in the corresponding UL grant.
2.2 DMRS multiplexing
In addition to one DMRS symbol shared by multiple short-TTIs with equal frequency resource allocation, unequal frequency resource allocation for multiple UEs should also support DMRS multiplexing to reduce overhead, otherwise a strict scheduling restriction is imposed. For example, DMRS 1 for UE 1 and DMRS 2 for UE 2 are placed in one symbol but with different frequency resource, as shown in Figure 2.
Two options can be considered for DMRS multiplexing with unequal frequency resource allocation. One option is to use comb-like DMRS pattern. Another option is to divide sTTI bandwidth into multiple scheduling units, and different orthogonal DMRS sequences are used for different users/layers in each scheduling units. To share DMRS symbol, each sPUSCH shall be scheduled in one or multiple scheduling units. Both of the two methods can provide orthogonality between DMRS sequences sharing the same symbol but the latter one have the PAPR issue and have restrictions on scheduling flexibility. 
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Figure 2. DMRS multiplexing for multiple UEs with unequal frequency resource 
In addition, it is preferred that the DMRS pattern is transparent to UE to simplify the signaling design and UE implementation. Therefore, DMRS sharing/multiplexing in both equal and unequal frequency resource allocation shall have the same design.

Proposal 2: Support a unified DMRS sharing/multiplexing scheme for both equal and unequal frequency resource allocation. 
Proposal 3: Adopt comb-like UL DMRS pattern to support UL DMRS sharing/multiplexing.
2.3 Frequency offset estimation
In sTTI transmission, there would be at most one DMRS symbol for each scheduled short TTI, which makes it hard for eNB to estimate frequency offset since it needs at least two paired DMRSs within a certain time distance. Without frequency offset estimation, the sPUSCH performance is degraded due to the residual frequency error, especially at high speed or high modulation order case. This can be resolved by scheduling a 1ms TTI PUSCH to help track the frequency offset, or schedule two sTTIs with at least two DMRS symbols at the same frequency location. 
3 Conclusion
In this contribution, the UL RS design for short TTI transmission is discussed and we have following observation and proposals:
Observation: Indicating the UL DMRS presence is not reliable and efficient. 
Proposal 1: For 2-symbol sTTI, only DMRS position for sPUSCH demodulation is indicated in the corresponding UL grant.
Proposal 2: Support a unified DMRS sharing/multiplexing scheme for both equal and unequal frequency resource allocation. 
Proposal 3: Adopt comb-like UL DMRS pattern to support UL DMRS sharing/multiplexing.
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