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Introduction
In the last RAN1 meeting following working assumption on TTI length were agreed. 
Working assumption:
· It is recommended to support a design that is based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH 
· It is recommended to support a design that is based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 
· During the WI phase, down-selection is not precluded
· The working assumption is automatically confirmed by the end of Thursday if no significant issues are found
· Note: the supported sTTI lengths are not intended to impact discussion on additional subframe types in TDD. 
Note: the above working assumption is already confirmed for FDD, and updated for TDD

On DMRS design in uplink, following was agreed.
Agreement:
· 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. FFS on sharing /multiplexing of more than 2 contiguous TTIs
· FFS on how to share/multiplex DM-RS (e.g., CDM, FDM, different BW between RS & data, and hybrid thereof) 
· FFS the DMRS position and whether it is indicated by eNB

[bookmark: OLE_LINK10][bookmark: OLE_LINK11]This contribution is update of R1-164909 and continues the discussion on some details of RS design for shortened TTI. 
Discussion
In our previous contributions [1][2], we showed general views on reference signal design of different channels, for example PDSCH, PUCCH and PUSCH (afterwards sPDSCH, sPDCCH, sPUCCH and sPUSCH will be used to refer to different channel specially for shortened TTI). Different channel may have different requirement on reference signal, for example
· For sPDCCH, enough channel estimation performance and to avoid unnecessary overhead should be considered.
· For sPDSCH, MIMO or higher rank may need to be supported as it contributes a lot on throughput 
· For sPUSCH/PUCCH, higher PAPR/CM should be avoided and to obtain sufficient energy from lower transmission power of UE.
But on the other hand, there could be some common design targets among different channels as follows,
· Latency reduction gain should be guaranteed as much as possible
· Trade-off  between overhead and performance should be considered 
Based on above considerations, we think shared DL reference signals which are transmitted in earlier symbols than associated data may be a good approach to satisfy/compromise above requirements for DL. Here shared reference signals mean reference signals are common among multiple sTTIs in the same subframe.
So we propose 
Proposal 1: Shared DL reference signals which are transmitted in earlier symbols should be considered for shortened TTI. 

Following Fig.1 is an example to elaborate this proposal as sDMRS design for sPDSCH/sPDCCH. It shows the case that PDCCH region is 1 OFDM symbol and TTI length is 2 OFDM symbols. Two OFDM symbols after PDCCH region are used to transmit sDMRSs which are shared by later sTTIs in the same subframe for demodulation. How to map those sDMRSs to different sTTI is FFS. The same method can be applied to other TTI lengths.
[image: ]
Figure 1 sDMRS design for downlink sPDSCH/sPDCCH 

Even the reference signal is not shared i.e. dedicated RS, to locate the reference signal in earlier symbol is useful to reduce the latency especially for DL. Therefore, 
Proposal 2: Dedicated reference signals which are transmitted in earlier symbols should be considered for shortened TTI for DL.

To use sDMRS for shortened TTI has merit of supporting higher rank and MIMO/beamforming. But it also introduces complexity and overhead. Another possibility is legacy CRS is reused at least for downlink. For example CRSs in 1st OFDM symbol is used for demodulating sTTI located in OFDM symbol #1, #2, #3 and #4. CRS in 4th OFDM symbol is used for demodulating sTTI located in OFDM symbol #5 and #6. So we propose 
Proposal 3: CRS which is not later than associated sTTI could be considered for demodulating sPDCCH and sPDSCH. 

[image: ]
Figure 2 Reusing CRS for shortened TTI
It is FFS whether both CRS based demodulation and sDMRS base demodulation should be supported or not. If both are supported, RRC signalling would indicate whether legacy CRS based demodulation or sDMRS based demodulation is used when sTTI is configured to UE.

For UL, it was agreed that existing DMRS is used for slot-level TTI sPUSCH. For slot-level sPUCCH, we think it is also possible that existing DMRS is used. Then the issue is for 4-symbol TTI length and 2-symbol TTI length. 
For 4 symbol TTI length, basically existing DMRS could also be used for both sPUSCH and sPUCCH. Two adjacent sTTIs share the same DMRS in a slot. So we propose 
Proposal 4: Existing DMRS pattern is used for four-symbol sTTI in uplink. 

For 2 symbol TTI length, the RS design is more complicated since we need consider transient time and phase rotation. Although transient period impact needs to be addressed in all sTTI, the impact of transient time (e.g., 40us) is the largest in 2 symbol TTI. More explanations on transient period could refer to [3][4]. RS design for this case could be further discussed.
Proposal 5: Transient period should take into account for especially two-symbol sTTI discussion. 
Conclusion
In this contribution we discussed general issues and some examples of reference signal design for shortened TTI. Based on these discussions, we propose 
Proposal 1: Shared DL reference signals which are transmitted in earlier symbols should be considered for shortened TTI. 
Proposal 2: Dedicated reference signals which are transmitted in earlier symbols should be considered for shortened TTI for DL.
Proposal 3: CRS which is not later than associated sTTI could be considered for demodulating sPDCCH and sPDSCH. 
Proposal 4: Existing DMRS pattern is used for four-symbol sTTI in uplink. 
Proposal 5: Transient period should take into account for especially two-symbol sTTI discussion. 
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