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1. Introduction

In RAN#87, the agreement on UL sTTI layout for 2-symbol TTI was made as follows [1]: 

	Agreement:
· For 2-OS sTTI, down-select the UL sTTI pattern for sPUSCH between (2,2,3,2,2,3) and (3,2,2,2,2,3)
· The data symbol(s) for a sPUSCH are confined within a sTTI

· if sPUSCH is transmitted, the number of symbols available for data transmission within a sTTI can be 

· 1 or 2 for a sTTI with 2 symbols
· FFS: 1 or 2 or 3 for a sTTI with 3 symbols 

· 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 this contribution, we discuss several aspects on sTTI designs for UL including UL sTTI layout and signaling of the flexible DM-RS position. 
2. UL sTTI layout for 2-symbol TTI
In order to support shortened TTI operation, UL sTTI structure should be determined. As agreed in the last meeting, there are two options of UL sTTI layout for 2-symbol TTI as follows: (2,2,3,2,2,3) and (3,2,2,2,2,3). Given that the DL sTTI layout is comprised of two patterns per subframe according to the starting index of the first potential sPDSCH, the alignment between DL and UL layouts is already impossible. In our view, between (2,2,3,2,2,3) and (3,2,2,2,2,3), we slightly prefer (2,2,3,2,2,3) as the UL sTTI layout considering that (2,2,3,2,2,3) has a symmetric structure between slots which may facilitate somewhat UE implementation. 
Proposal 1: Our preference on UL sTTI layout is (2,2,3,2,2,3).
One FFS point is the number of available symbols for data transmission within a sTTI having 3 symbols. For the last sTTI within a subframe, since the last symbol may be reserved for SRS transmission depending on SRS configuration and potential SRS transmission, the number of available symbols for data transmission for the sTTI should be 1 or 2 or 3. On the other hand, for another sTTI having 3 symbols which is the first or the third one within the first slot, the benefit to have only one data symbol and two DM-RS symbols seems unclear. In this sense, the number of available symbols for data transmission for the sTTI should be 2 or 3.  
Proposal 2: The number of available symbols for data transmission within a sTTI having 3 symbols is 2 or 3 for the sTTI within the first slot, and 1 or 2 or 3 for the sTTI within the second slot in a subframe. At most one DM-RS symbol is assumed for sPUSCH. 
3. DM-RS design for 2-symbol TTI
Based on the agreement at the last meeting, several methods to indicate flexible DM-RS position can be considered as follows:
· Method 1: 1 bit signalling in UL grant for each sPUSCH scheduling can be considered in order to indicate whether DM-RS exists or not within the corresponding sTTI. Note that in case several consecutive sTTIs are scheduled to a UE and if the UE misses the UL grant to indicate sTTI transmitting DM-RS, then eNB cannot decode other sTTIs due to absence of DM-RS. As the probability of DCI missing is low and the network can address this issue by proper scheduling, this may not be a significant issue. Also, this method would be beneficial in terms of scheduling flexibility.  
· Method 2: It can be considered that multiple patterns having different DM-RS density and position within certain time duration (e.g., within a subframe) are pre-defined and one of the patterns is indicated by signalling in UL grant. An example for pre-defined patterns of DM-RS transmissions over multiple sTTIs is given as in Table 1. Although this method cannot provide full flexibility in terms of DM-RS position, it will give more reliable DM-RS transmission since multiple UL grants indicate the same information on DM-RS density and position within time duration. 
	Index of patterns
	Whether DM-RS is transmitted in each of sTTI

	
	sTTI#n
	sTTI#n+1
	sTTI#n+2
	sTTI#n+3

	Pattern #0
	O
	O
	O
	O

	Pattern #1
	O
	X
	O
	X

	Pattern #2
	X
	O
	X
	O

	Pattern #3
	O
	X
	X
	X

	Pattern #4
	X
	O
	X
	X

	Pattern #5
	X
	X
	O
	X

	Pattern #6
	X
	X
	X
	O

	Pattern #7
	Reserved


Table 1. Example of pre-defined patterns of DM-RS transmissions over multiple sTTIs
· Method 3: Indicating DM-RS position within certain time window can be considered. If a UE misses a UL grant indicating DM-RS transmission and if a UE recognizes the DM-RS position by another UL grant afterward, the DM-RS transmission recovery may or may not be guaranteed depending on UE capability and processing time. In this sense, DM-RS position indicated by a UL grant can be confined to only some SC-FDMA symbols within the sTTI scheduled by the UL grant indicating the DM-RS position and the nearest sTTI from that sTTI.  
Another consideration point is whether to support fixed DM-RS position within sTTI. Without fixing the DM-RS position within sTTI, more flexible DM-RS transmission will be possible. On the other hand, in terms of signalling overhead and processing time, fixed DM-RS transmission position will be helpful and dynamic signalling is used only to indicate which sTTIs include actual DM-RS transmission symbols. Furthermore, it can be considered that DM-RS is always transmitted at some pre-defined sTTIs or symbols. For example, for 2-symbol TTI case, DM-RS is always transmitted at sTTI#0 and sTTI#3 without indication whether or not to transmit DM-RS. 

For indicating DM-RS position/transmission, the interpretation of DCI field and the number of bits need to be also considered. If it is preferred to keep the current UL grant DCI, the DM-RS cyclic shift field can be used for indicating DM-RS position by allocating subset of cyclic shifts or by defining the default cyclic shift. Alternatively, since it seems PUSCH frequency hopping is not needed at least for 2-symbol TTI case, the frequency hopping flag field can be also considered to indicate DM-RS position/transmission. Given that a wideband scheduling is more likely to be used for short TTI operation, one possible option is to allow only continuous resource allocation for sPUSCH and thus the resource allocation type field can be used as well. If new DCI field is introduced for indicating DM-RS position/transmission, then the number of bits for the DCI field should be kept as small as possible considering that the payload size of sPDCCH also needs to be not too huge in order to restrict control overhead. 
Proposal 2: Further discussion is needed on: 

· How to indicate UL DM-RS position.
· How DCI fields for DM-RS indication is defined and how many bits are required.
Proposal 3: Fixed DM-RS position within sTTI is preferred unless the significant benefits are found from flexible DM-RS position. 
4. Conclusions

In this contribution, we discussed several aspects on sTTI designs for UL. Based on the above discussions, our proposals are given as follows:

Proposal 1: Based on the above observations, fixed UL sTTI structure with slot alignment (i.e., option 1a) should be considered preferentially for 2-symbol TTI. 

Proposal 2: Further discussion is needed on: 

· How to indicate UL DM-RS position.

· How DCI fields for DM-RS indication is defined and how many bits are required.

Proposal 3: Fixed DM-RS position within sTTI is preferred unless the significant benefits are found from flexible DM-RS position. 
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