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1 Introduction

In the RAN1#88bis meeting, the following agreements related to UL DMRS for 2-symbol sPUSCH was agreed[1]:
	Agreement:
· For 2/3-symbol sPUSCH transmission, at least the following configurations are supported and one of the configurations for sTTI#n+x is indicated by the UL grant at sTTI#n, if the scheduled sTTI#n+x includes both data and the associated RS, where x is processing time

· sTTI#n+x = sTTI#0: {R D D}, FFS:{D D R}, FFS: {D R D}

· sTTI#n+x = sTTI#1,2,3,4: {R D}, FFS: {D R}

· sTTI#n+x = sTTI#5: {R D D}, FFS: {D R D}

· FFS if data in the last symbol can be transmitted in cell specific SRS subframes

· Other configurations are not precluded

· FFS for the case where data and associated RS are in different sTTIs


In this contribution, the design of DMRS sharing/multiplexing scheme for 2-symbol sPUSCH is discussed,.
2 Discussion 
For 2-OS sTTI, it has been agreed in the RAN1#88 meeting that UL sTTI pattern for sPUSCH and sPUCCH is [3,2,2,2,2,3]. Based on this pattern, the DMRS shared scheme and the indication of DMRS for 2-symbol sPUSCH need to be further discussed.
2.1 UL DMRS position for 2-symbol sPUSCH

The following aspects should be taken into account for the design of DMRS sharing/multiplexing scheme for 2-symbol sPUSCH:

· Considering the impact to latency, the UL DMRS should not be positioned after the associated sTTI.
If the UL DMRS is positioned after the associated sTTI, data demodulation cannot be performed until the DMRS is received, then the processing time of this sTTI will be increased. Therefore the UL DMRS should not be positioned after the associated sTTI. 
· DMRS sharing/multiplexing for 2-symbol sPUSCH should not be across slot-boundary.
When intra-subframe frequency hopping is applied to PUCCH and PUSCH transmissions for legacy UEs, the frequency bands allocated for uplink sTTI transmissions may vary between two slots within one subframe. Therefore DMRS sharing/multiplexing for 2-symbol sPUSCH should not across slot-boundary. 
· The indication of DMRS sharing for the consecutive sTTIs from one UE can be combined with multiple sTTIs bundling scheduled.
If multiple consecutive sTTIs are scheduled to the same UE, only the first sPUSCH needs to be indicated to include DMRS and the following sPUSCH can share this DMRS. With this option, the signaling overhead can be reduced.
Proposal 1: The UL DMRS should not be positioned after the associated sTTI.
If one fixed DMRS symbol shared by multiple sTTIs, the channel estimation accuracy is decreased with the increase of distance between the sPUSCH and its DMRS symbol, especially for higher UE speed and higher MCS. In order to improve the transmission reliability, the last symbol of sTTI#i (i=0,1,2,3,4) should be a candidate position to transmit DMRS such that the DMRS is closer to the next adjacent sTTI . For sTTI#5, because the advantages of {D R D} is not obvious compared with {R D D}, therefore {D R D} should not be considered for sTTI#5.
As shown in Figure 1, a series of DMRS patterns for multi-sTTI scheduling is predefined and the specific pattern is dynamically signaled to UE in UL grant. A field (e.g., 2 bits) should be needed in the UL sDCI to jointly indicate the UL DMRS position and the number of sTTI consecutively scheduled.
Proposal 2: The last symbol of sTTI#i (i=0,1,2,3,4) should be a candidate position to transmit DMRS.
Proposal 3: A field should be needed in the UL sDCI to jointly indicate the UL DMRS position and the number of sTTI consecutively scheduled.
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Figure 1  2-symbol sPUSCH and DMRS allocations
2.2 UL DMRS cyclic shift for 2-symbol sPUSCH

In legacy LTE, 3 bits are defined to indicate the cyclic shift for DMRS and OCC index for the scheduling PUSCH. For sTTI, DMRS sharing/multiplexing for multiple consecutive sTTIs has been agreed, so the number of candidate cyclic shifts for each sTTI can be appropriately reduced. We proposed two cyclic shifts subsets of each DMRS sequence and there are 4 cyclic shifts in each subset. As already proposed above, the DMRS for sTTI#i demodulation can be in sTTI#i-1 or sTTI#i, the cyclic shift Subset#0 and Subset#1 can be assigned to DMRS in different sTTI, as shown in Table 1. Therefore a field (e.g., 2 bits) is needed in the UL sDCI to indicate DMRS cyclic shift for 2-symbol sPUSCH.
Table 1 Example of DMRS cyclic shift indication for 2-symbol sPUSCH in sTTI#i
	Index
	CS Subset#0 for DMRS  in sTTI#i
	CS Subset#1 for DMRS  in sTTI#i-1

	00
	[0 6 3 9]
	[2 8 5 11]

	01
	[6 0 3 9]
	[8 2 11 5]

	10
	[3 9 6 0]
	[5 11 8 2]

	11
	[9 3 0 6] 
	[11 5 2 8] 


Proposal 4: A field should be needed in the UL sDCI to indicate DMRS cyclic shift for 2-symbol sPUSCH.
3 Conclusion

In this paper, we discuss the design of DMRS sharing/multiplexing scheme for 2-symbol sPUSCH and give our proposal:

Proposal 1: The UL DMRS shall not be positioned after the associated sTTI.
Proposal 2: The last symbol of sTTI#i(i=0,1,2,3,4) should be a candidate position to transmit DMRS.
Proposal 3: A field should be needed in the UL sDCI to jointly indicate the UL DMRS position and the number of sTTI consecutively scheduled.
Proposal 4: A field should be needed in the UL sDCI to indicate DMRS cyclic shift for 2-symbol sPUSCH.
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