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1. Introduction
The SI on Latency reduction techniques for LTE [1] was closed at RAN#72 and based on the outcome documented in the TR [2], a follow-up WI was approved in [3]. The main objectives of the WI in [3] are given by: 
The objective of this work item is to specify shortened TTI operation and shortened processing time for both legacy (1ms) TTI and shortened TTI. The specified solution should cover the case of carrier aggregation and non-carrier aggregation. Aim for a similar design as possible independent of frame structure.
…
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)

Follow the recommendation made in [2] when specifying for support of transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI.

In this document, we discuss the uplink DMRS design for sTTI operation, considering both sPUSCH and sPUCCH. PUSCH DM RS indication is discussed in [4].
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2. UL Demodulation reference signals for sPUCCH
As discussed in [4], from the sPUCCH UL overhead point of view a key point is to allow for efficient sharing of resources allocated for legacy PUCCH formats, i.e. a possibility to allocate both PUCCH and sPUCCH on the same PRBs. In order to facilitate this, the CDM multiplexing applied on sPUCCH and PUCCH needs to be compatible. From DMRS point of view this essentially means that sPUCCH should utilize the same LTE length-12 DMRS sequences as what are applied with the PUCCH formats 1a/b or 2a/b. With such approach, multiplexing of sPUCCH and PUCCH is possible by allocating different cyclic shifts for different users. 
Proposal #1: sPUCCH DMRS in a given cell uses the same length-12 UL DMRS sequences as LTE PUCCH 
3. UL Demodulation reference signals for sPUSCH

For PUSCH the situation is slightly different. As discussed during the SI, in order to avoid excessive UL overhead from DMRS, sharing of DMRS locations between sTTIs is considered necessary. The DMRS sharing includes also the case where two UEs, scheduled in two consecutive sTTI transmit their DMRS during the same symbol. 
The drawback of LTE Rel-8 DMRS is that orthogonality of different users, multiplexed using different cyclic shifts, is guaranteed only when the DMRS occupy the same bandwidth. While this limitation is a non-issue in typical LTE operation, it already start to become a limiting factor in higher order UL MU-MIMO. For this reason, Rel-14 eFD-MIMO introduced support for interlaced (comb-like) UL DMRS.
In our view, mandating UL users scheduled in consecutive sTTIs to have same PRB allocation is not a reasonable assumption, as that would likely reduce the efficiency of sTTI UL a lot. Therefore, we see that at least with 2/3-OS sPUSCH, interlaced (aka IFDMA, comb) DMRS should be supported. With 7-OS the need for multiplexing is limited to support UL MU-MIMO operation with unequal sPUSCH allocation, which is clearly a less likely scenario.
Proposal #2: sPUSCH DMRS with 2/3-OS sTTI use IFDMA sequences standardized in eFD-MIMO WI. 
· Whether to use IFDMA for also 7-OS PUSCH is FFS. 
 
    
3. Summary
In this contribution we consider aspects related to UL DMRS design for sTTI sPUCCH and sPUSCH. We make the following proposals.
Proposal #1: sPUCCH DMRS in a given cell uses the same length-12 UL DMRS sequences as LTE PUCCH 
Proposal #2: sPUSCH DMRS with 2/3-OS sTTI use IFDMA sequences standardized in eFD-MIMO WI. 
· Whether to use IFDMA for also 7-OS PUSCH is FFS. 
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