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Introduction
During RAN#72 meeting, a New Work Item [1] on shortened TTI and processing time for LTE was approved with the following objectives:
For Frame structure type 1: [RAN1, RAN2, RAN4]
· Specify support for a transmission duration based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH 
· Specify support for a transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 
· Down-selection is not precluded
· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

For Frame structure type 2: [RAN1, RAN2, RAN4]
· Specify support for a transmission duration based on 1-slot sTTI for sPDSCH/sPDCCH/sPUSCH/sPUCCH
· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)
In this contribution, we discuss sPUSCH design for sTTI scheduling. 
Discussions
Based on the WID, 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUSCH shall be supported for frame structure type 1. For 1-slot sTTI and 4-symbol sTTI, as discussed in [2] [3]and shown in Figure 1-a and Figure 1-b, the legacy DMRS position, i.e., the 4th SC-FDMA symbol of each slot, can be reused for the DMRS placement for sPUSCH. Note that, two 4-symbol sTTI can share the same DMRS symbols. Such design schemes enable a self-contained DMRS for each sPUSCH for 4-symbol sTTI and 1-slot sTTI.


 
               Figure 1-a DMRS for 7-symbol sPUSCH                   Figure 1-b DMRS for 4-symbol sPUSCH
For 2-symbol sTTI, if similar design is utilized, five DMRS symbols may be needed for 9 sTTIs within 1ms, see the example shown in Figure 2, and thus the total DMRS overhead would be more than doubled.


Figure 2 one potential DMRS pattern for 2-symbol sPUSCH
In order to reduce the total DMRS overhead, DMRS multiplexing or sharing can be considered. In [4], it has been proved by simulation that one DMRS can be shared by 4 2-symbol sTTIs for sPUSCH transmission for EPA 3 km/h scenario. For 60km/h case, large distance between DMRS and sPUSCH would deteriorate the sPUSCH transmission performance. Therefore, at least for low mobility scenarios, several sTTIs can share the same DMRS position and in this case DMRS may be front-loaded. Note that, for each UE, DMRS is a deterministic signal once its configuration is known to the UE, so the preparation of the DMRS sequence can be much faster than the data channel, thus front-loaded DMRS has minor effect on the timing delay between UL grant and sPUSCH.  If the sTTIs are scheduled for different UEs, different cyclic shifts can be used for different UEs. On the other hand, fewer number of sTTIs can share the same DMRS position or even self-contained DMRS can be used for high-speed case. In order to enable to adapt to different channel conditions, dynamic DMRS indication scheme as proposed in [4] can be considered.
Proposal 1: both self-contained and front-loaded DMRS can be supported for sPUSCH decoding. 
In order to support dynamic DMRS indication, the delay between DMRS and sPUSCH can be introduced in the UL grant as discussed in [4], by adjusting the delay value, different sTTI can share the same DMRS position. 
However, if a few delay values need to be indicated, the DCI overhead may not be negligible. For example, for 5 delay values, 3 bits in the DCI field are needed. On the other hand, for sTTI scheduling, shorter DCI is preferred in order to control the total overhead.   
Here in the following, we give an alternative method to dynamically indicate the DMRS position with less DCI overhead. A DMRS pattern, e.g., as shown in Figure 3-a or Figure 3-b can be predefined or informed to the UEs.  Note that in figure 3-a, the DMRS position R2/R4 reuse the legacy DMRS positions within 1ms TTI.


       
Figure 3-a a predefined DMRS pattern            Figure 3-b a predefined DMRS pattern
Then the eNB can use one bit in the UL grant to indicate the UE which DMRS position will be used. For example, the eNB can indicate the UE to use the DMRS position in the DMRS pattern that is self-contained in the sTTI /most adjacent to and prior to the sTTI by setting the value of the indication bit to 0 or the DMRS position in the DMRS pattern that is second adjacent to the sTTI by setting the value of the indication bit to 1.  Figure 4-a shows an example of the used DMRS positions if we set the values of the indication bits as listed in the 2nd  row in Table 1-a, and correspondingly the DMRS positions for each sTTI are listed in the 3rd row of Table 1-a.  It can be seen by such an indication, all of the candidate DMRS positions in Figure 3-a  are used which results in a relatively high DMRS density. Such indication is more suitable for high speed scenario. Correspondingly, Figure 4-b and Table 1-b are for low mobility case.
Table 1-a  example of DMRS indication 
	sTTI index
	1
	2
	3
	4
	5
	6
	7

	Indication value 
	0
	0
	0
	0
	0
	0
	0

	DMRS position
	R1
	R2
	R2
	R3
	R3
	R4
	R4



Table 1-b example of DMRS indication 
	sTTI index
	1
	2
	3
	4
	5
	6
	7

	Indication value 
	0
	1
	1
	0
	0
	1
	1

	DMRS position
	R1
	R1
	R1
	R3
	R3
	R3
	R3






Figure 4-a   scheduled DMRS positions                      Figure 4-b   scheduled DMRS positions
Furthermore, if the DMRS pattern as shown in figure 3-a is adopted, there exists good flexibility to support 2-symbol sTTI and 4-symbol sTTI within one subframe in a TDM manner as shown in Figure 5. It can be seen that sTTI 1 of 4-symbol length and sTTI 3/4/5 of 2-symbol length can share the same DMRS position R2.


Figure 5  DMRS sharing among sTTI with different lengths

Based on the above discussion, it can be seen that with only one bit within the DCI, the DMRS position can be dynamically indicated with different DMRS density to adapt to different requirements. Therefore, we propose dynamic indication of DMRS position for sPUSCH can work on the basis of one DMRS pattern to save the DCI overhead.
Proposal 2: dynamic indication of DMRS position for sPUSCH can work on the basis of one DMRS pattern to save the DCI overhead
Conclusions
In this contribution, DMRS position indication schemes for sPUSCH have been discussed, based on the discussions, we have the following proposals:
Proposal 1: both self-contained and front-loaded DMRS can be supported for sPUSCH decoding. 
Proposal 2: dynamic indication of DMRS position for sPUSCH can work on the basis of one DMRS pattern to save the DCI overhead
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