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Introduction
 In the RAN #67 meeting, the study item for latency reduction was approved in [1]. Flexibility in TTI length brings more freedom in SRS allocation, possibly allowing frequent SRS transmission for high mobility or changing the density in the frequency domain for more efficient SRS transmission. In this contribution, we propose several possibilities to enhance the current SRS design to achieve latency reduction.
Possible enhancements for SRS
Possible topics for study
 For shortened TTI, a new SRS design can be considered. In the current FDD periodic or aperiodic mode, SRS is configured to be sent in the last symbol of a subframe. If shortened TTI (sTTI) is adopted, flexibility in timing of transmission of SRS should be improved to allow more frequent sounding of channels. 



Figure 1 SRS transmission

Two elements related to flexibility in transmission timing should be investigated:
· Positions of SRS in the time domain
· Variable density of SRS in the frequency domain by using 2-comb or 4-comb SRS
Obviously, the first topic involves discussion regarding more frequent sounding of SRS, improving channel estimation performance at eNB and robustness against mobility. Sounding channels at earlier stage in an sTTI may be able to realize efficient configuration of transmission parameters at eNB. Both periodic and aperiodic transmission of SRS should be considered in the first topic. The second topic is aimed for improving multiplexing capability, providing flexibility in the SRS density in the frequency domain and varying number of SRS in a subframe. In some situations, aggressive SRS transmission using the entire resource blocks or 2-comb SRS may not be needed. It should be noted that 4-comb SRS has been recently adopted in Rel. 13 MIMO to improve SRS capacity. Taking advantage of the new feature, it is proposed here to investigate the effect of adopting 4-comb SRS in the SRS design for sTTI.

[bookmark: _GoBack]Proposed SRS transmission
Combining the aforementioned arguments, the following SRS enhancement can be considered for various settings of sTTI.
· Slot based sTTI: SRS can be configured to be sent anywhere in sTTI
· 4 or 3 or 2 symbol based sTTI: Similar to the slot based sTTI, SRS can be configured to be sent anywhere in sTTI
· 1 symbol sTTI: SRS can be configured to be sent per symbol
It is also proposed to support both 2 and 4-comb SRS as a starting point for sTTI design. We should note that per-symbol based assignment of SRS should not be precluded from 2 or more symbol sTTI. Capability to send SRS per symbol introduces flexibility in SRS transmission. 
A burst SRS transmission in which SRS is transmitted in consecutive symbols can also be considered. Such burst transmission of SRS may be needed when not enough SRS can be allocated in one SC-FDMA symbol. Currently, in Rel. 13, SRS can be transmitted in two consecutive SC-FDMA symbols only in the TDD mode.
More frequent transmission of SRS will incur more likelihood of collision with PUCCH or PUSCH. Frequency hopping pattern, hopping bandwidth and phase rotation sequence must also be considered to improve the collision avoidance mechanism. Signalling details in DCI or RRC must also be investigated since flexibility in SRS transmission requires more signalling. If the amount of control information is prohibitive, SRS may be transmitted at designated positions in sTTI, i.e., first or middle or last SC-FDMA symbol in the sTTI as shown in Figure 2.
We should also note that the proposed SRS transmission schemes do not destroy the single carrier property of SC-FDMA. Thus, low PAPR performance of SC-FDMA is still maintained.



[bookmark: _Ref447294560]Figure 2 An example of possible locations of SRS in sTTI

Conclusion
Proposal: The following topics should be investigated for possible enhancements for SRS
· SRS can be sent at designated locations in a periodic or aperiodic mode
· 1 symbol sTTI: SRS can be configured to be sent per symbol basis
· 2, 3, 4 symbols or slot based sTTI: SRS can be sent at designated locations in an sTTI
· Support both 2 and 4-comb SRS as a starting point for sTTI design
· Burst transmission of SRS in TDD or FDD
The above enhancements can be considered for both periodic and aperiodic transmission of SRS.
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