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1. Introduction 
The channel quality estimation via sounding reference signal (SRS) is crucial to enable link adaptation for both DL and UL transmission. Therefore, a proper SRS support for eLAA is necessary and important. In the last RAN WG1 Meeting #84, the following agreement on the SRS transmission was made [1].
Agreements:
· Aperiodic SRS transmission with PUSCH is supported in eLAA
· Enhancements of aperiodic SRS transmission and/or triggering are not precluded
· FFS: Aperiodic SRS transmission without PUSCH
Following the RAN WG1 Meeting #84, there was an email discussion on the SRS transmission for eLAA. Open issues are summarized below: 
1. Support for aperiodic SRS transmission without PUSCH
2. Support for periodic SRS transmission without PUSCH
3. LBT scheme for SRS without PUSCH
4. SRS symbol position
5. SRS triggering mechanism
6. Support for narrowband SRS
7. SRS symbol structure
In this contribution, the above open issues are further discussed.
2. Open issues on SRS for eLAA
2.1. Support for aperiodic/periodic SRS transmission without PUSCH
The SRS transmission without PUSCH is primarily for channel quality estimation on the UL and DL for close-loop MIMO. Given the limited channel access opportunity in LAA SCells, the support of aperiodic SRS transmission without PUSCH is important to achieve reliable UL channel estimation. The SRS transmission without PUSCH is also beneficial for UEs which have not been scheduled recently to select the initial MCS and the initial transmission power level.
On the other hand, the SRS transmission without PUSCH does not increase any additional blind detection complexity at the eNB, since all UL transmissions on LAA SCells are intrinsically subject to the blind detection due to the transmission uncertainty. Furthermore, we do not foresee much additional burden in the standardization work due to the support of aperiodic SRS transmission without PUSCH. 
Proposal 1: We support aperiodic SRS transmission without PUSCH for eLAA. 
Due to the unpredictable channel access opportunity in unlicensed spectrum and the dynamic frame structure supported for LAA, the periodicity of SRS transmission cannot be easily guaranteed. In our view, triggering-based aperiodic SRS transmission is better suited for LAA SCells.
Proposal 2: We do not support periodic SRS transmission with and without PUSCH for eLAA. 
2.2. LBT scheme and symbol position for SRS
During the email discussion following RAN WG1 Meeting #84, performing a single idle observation interval of at least 25 us before UL transmission within an existing MCOT was a consensus. If it is agreed for UL transmission within an MCOT, the LBT for SRS transmission can follow the same rule, i.e., a single idle observation interval of at least 25 us. In other words, no separate distinction in LBT for SRS is needed from other UL transmissions within MCOT. We need further discussion on the LBT for SRS that may be scheduled in the subframe outside an MCOT. 
Proposal 3: LBT for SRS follows the same rule for UL transmission within an MCOT. 
The standalone SRS transmission outside an existing MCOT may also adopt a single idle observation interval of at least 25 us. However, this needs further discussion. 
Let us now discuss about the symbol position for SRS. As it was discussed in our previous contribution [2], it is proposed to blank 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 blanked 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 blanking 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 blanked symbol #0 for LBT, these issues can be easily avoided. 



Figure 1. Proposed UL subframe structure with SRS transmission
Proposal 4: Move the SRS symbol position from the last symbol to symbol #1 following the blanked symbol #0 for LBT.
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 5: The UEs scheduled for PUSCH transmission but not for SRS transmit a reservation signal during the SRS symbol, if the UL subframe is configured with SRS transmission.
2.3. SRS triggering mechanism
There are different ways of triggering SRS 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. The SRS triggering mechanism will follow the supported SRS transmission modes. For instance, the aperiodic SRS transmission is RRC configured and triggered by DCI, if used. On the other hand, as discussed in Section 2.1, periodic SRS is inadequate for LAA. We thus draw the following proposal. 
Proposal 6: The aperiodic SRS for eLAA is RRC configured and triggered by DCI as in the legacy LTE. 

2.4. Support for narrowband SRS
In RAN WG1 Meeting #84, it was agreed that “at least RB-level multi-cluster transmission (>2) is supported for eLAA PUSCH.” The motivation behind this agreement is to meet the Occupied Channel Bandwidth regulation by ETSI [3]. Therefore, a transmission by a UE may take place in different parts of the operating bandwidth in one subframe or over subframes, which makes the wideband channel quality estimation necessary and important, whereas the channel estimation on narrowband has little use. 
Proposal 7: Support wideband SRS as a baseline. 
2.5. 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 in a RB-interleaved manner. One problem with this approach is that the interference situation observed on the assigned RBs can be quite localized such that the correct wideband channel estimation may be unattainable. For instance, one pattern of RBs for SRS can be heavily used by neighboring cells, whereas other patterns of RBs for SRS can be lightly used. In such a case, the wideband channel estimation based on only the assigned RBs 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 8: We propose to reuse the legacy SRS symbol structure for eLAA. 
3. Conclusions
In this contribution, we discussed several open issues on the SRS for eLAA and made the following proposals. 

Proposal 1: We support aperiodic SRS transmission without PUSCH for eLAA. 
Proposal 2: We do not support periodic SRS transmission with and without PUSCH for eLAA. 
Proposal 3: LBT for SRS follows the same rule for UL transmission within an MCOT. 
Proposal 4: Move the SRS symbol position from the last symbol to symbol #1 following the blanked symbol #0 for LBT.
Proposal 5: The UEs scheduled for PUSCH transmission but not for SRS transmit a reservation signal during the SRS symbol, if the UL subframe is configured with SRS transmission.
Proposal 6: The aperiodic SRS for eLAA is RRC configured and triggered by DCI as in the legacy LTE. 
Proposal 7: Support wideband SRS as a baseline. 
Proposal 8: We propose to reuse the legacy SRS symbol structure for eLAA. 
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