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1. Introduction 
The channel quality estimation via sounding reference signal (SRS) is crucial to enable link adaptation for PUSCH transmission and frequency selective resource scheduling. Therefore, a proper SRS support for eLAA UL is required. To be more specific, the following issues are discussed in this contribution:
1. SRS transmission details including symbol position and LBT
2. On the need to support narrowband SRS
3. SRS symbol structure
4. SRS triggering mechanism
2. SRS transmission details
Figure 1 below illustrates the proposed UL subframe structure. 



Figure 1. Proposed UL subframe structure with SRS transmission

As it is discussed in our companion contribution [1], it is proposed to puncture symbol #0 of a UL subframe for LBT. In this contribution, it is proposed to move the SRS symbol position from the last symbol to the symbol #1 following the punctured symbol #0. If the SRS symbol position remains the same as in the legacy LTE system, either the SRS transmission needs to be restricted to the scheduled UEs transmitting PUSCH in the preceding symbols or additional symbol puncturing is needed before SRS transmission to accommodate those UEs not transmitting PUSCH in the preceding symbols. By moving the SRS position to symbol #1 following punctured symbol #0 for LBT, these issues can be easily avoided. 
Proposal: We propose to move the SRS symbol position from the last symbol to symbol #1 following the punctured symbol #0.
Note that it is also possible that there are UEs scheduled only for PUSCH transmission but not for SRS in the UL subframe configured for SRS transmission. Those UEs may transmit a reservation signal after the successful completion of LBT. For instance, one cyclic shift version of SRS sequence can be reserved for the purpose of common reservation signal.
Proposal: We propose that the UEs scheduled for PUSCH transmission but not for SRS to transmit a reservation signal during the SRS symbol, if the UL subframe is configured with SRS transmission.
3. On the need to support narrowband SRS
As it was discussed in our companion contribution [2], the B-IFDMA is a preferred UL waveform which meets the ETSI regulation on Occupied Channel Bandwidth [3]. Under B-IFDMA, the transmission by a UE is spread over entire operational bandwidth via interlaced RB assignment as illustrated in Figure 2 below.  



Figure 2. Illustration of B-IFDMA waveform for UL

Since the transmission of a UE takes place over the entire bandwidth in an interlaced manner, wideband channel quality estimation is necessary and important, whereas the channel estimation on limited portion of the full bandwidth has little use. 
Proposal: We propose to support wideband SRS as a mandatory feature.
4. SRS symbol structure
The SRS symbol structure in the legacy system is based on IFDMA in which the SRS signal occupies every alternate subcarrier in a comb-like pattern. One may consider to redesign SRS symbol structure to be based on B-IFDMA, if it is adopted for eLAA UL waveform. In such a case, the SRS signal will occupy all the subcarriers of the assigned interlaced RBs. One problem of this approach is that the interference situation over each interlace can be quite localized such that the correct wideband channel estimation may be unattainable. For instance, one interlace can be heavily used by neighboring cells, whereas another interlace can be lightly used. In such a case, the wideband channel estimation based on one interlace may not effectively represent the overall wideband channel quality. 
Furthermore, given the limited time assigned to eLAA, it is preferable to minimize changes from the legacy design, unless there is a strong justification.    
Proposal: We propose to reuse the legacy SRS symbol structure for eLAA. 
5.  SRS triggering mechanism
There are three different ways of triggering SRS defined in LTE: single SRS, periodic SRS, and aperiodic SRS. The single SRS and periodic SRS are RRC configured, whereas aperiodic SRS is RRC configured but triggered by DCI.
Given the unpredictable nature of unlicensed channel use due to the medium sharing with other systems, the aperiodic SRS is best suited for eLAA, which can dynamically trigger SRS by setting ‘SRS request’ flag in the DCI. We thus draw the following proposal.    
Proposal: We propose to support aperiodic SRS as a mandatory feature. 
6. Conclusions
In this contribution, we discussed design details to support SRS for eLAA UL and made the following proposals. 
Proposal: We propose to move the SRS symbol position from the last symbol to symbol #1 following the punctured symbol #0.
Proposal: We propose that the UEs scheduled for PUSCH transmission but not for SRS to transmit a reservation signal during the SRS symbol, if the UL subframe is configured with SRS transmission.
Proposal: We propose to support wideband SRS as a mandatory feature.
Proposal: We propose to reuse the legacy SRS symbol structure for eLAA. 
Proposal: We propose to support aperiodic SRS as a mandatory feature. 
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