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Discussion and decision
1 Introduction

In RAN#72, the new work item for shortened TTI and processing time for LTE was approved [1]. Regarding the shortened TTI, the updated WID was approved in RAN#73 [2]. The objectives of shortened TTI are as below.

	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)


This contribution considers the design aspect of UL DMRS for sTTI operations.
2 Discussions 

During SI, the following is concluded about UL DMRS.
	· For DM-RS of sPUSCH, the followings are recommended to be supported: 

· For the case of 1-slot TTI length, reuse the current DM-RS 

· For the case of less than 1-slot TTI length, support DM-RS sharing/multiplexing of consecutive TTIs from one or multiple UEs 

· At least 2 contiguous TTIs can be shared/multiplexed.


During WI phase, up to RAN1#89, the followings have 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 1-slot sTTI, self-contained UL DMRS for sPUSCH is supported

· Support at least the legacy DMRS structure, where DMRS is located in the fourth symbol of the slot


· 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
· For 2-OS sTTI, UL sTTI pattern for sPUSCH and sPUCCH is [3,2,2,2,2,3]
· 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) 

· For both 2-symbol and 1-slot sPUSCH transmission 

· Up to 2-layer transmission is supported.

· FFS 4-layer is supported.

· More than 2 combs are not supported for IFDMA DMRS for 2/3-symbol sPUSCH.

· Each comb supports up to 2 layers multiplexing for IFDMA DMRS for 2/3-symbol sPUSCH.


DMRS structure

To reduce the UL DMRS overhead, two UEs may share one SC-FDMA symbol to transmit DMRS. For the sharing, the following IFDMA-based DMRS structure can be considered.  
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Figure 1: Exmaples of IFDMA-based DMRS for UL sTTI
Among options in Figure 1, it was agreed to support IFDMA DMRS with RPF 2. IFDMA DMRS with RPF 4 remains as FFS. 

Actually, UL DMRS with IFDMA having RPF 2 has been discussed in eFD-MIMO WI. For details, see [3]. So, it is recommended that sequence generation and its related specification issues to support IFDMA UL DMRS in [3] are reused as much as possible.
Proposal 1: Sequence generation and its related specification issues to support IFDMA UL DMRS in [3] are reused as much as possible.
Contiguous UL transmission


As RAN4 showed ins [4], transient time for ON/OFF mask for 2symbol sTTI seems to be considered. For 1ms TTI and slot sTTI, TTI length is relatively long compared to symbol duration of about 70 us and transient time of 20-40us. For 2OS sTTI, if DMRS is located out of the corresponding sTTI, the SC-FDMA symbols for DMRS and sPUSCH may not be contiguous. Then, the empty symbol for the UE between DMRS and sPUSCH may exist, which results in a detrimental effect to UL performance. 
Proposal 2: The SC-FDMA symbols for UL DMRS and data should be contiguous for sTTI operations.
3 Conclusions
In this contribution, the design aspect of UL DMRS is considered. It can be summarized as below. 
Proposal 1: Sequence generation and its related specification issues to support IFDMA UL DMRS in [3] are reused as much as possible.
Proposal 2: The SC-FDMA symbols for UL DMRS and data should be contiguous for sTTI operations.
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