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1 Introduction
In RAN1#84 meeting [1], the following agreement has been made for SRS design in eLAA.
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.

Based on the agreement above, this contribution discusses aperiodic SRS transmission without PUSCH and SRS position in eLAA.
2 Discussion
2.1. SRS only transmission
In LAA SCell, to facilitate the MU-MIMO operation and exploit reciprocity-based DL transmission, SRS is useful to provide both UL and DL channel state information (CSI). It is especially important to assist DL CSI measurement since the transmission opportunity for DL reference signal is reduced due to LBT, which may largely degrade the channel estimation accuracy and link adaptation performance, especially for DMRS-based TMs. The transmission opportunity depends on the LBT outcome of the UE, which is not only related to the number of devices contending for the unlicensed channel but also associated with CCA procedure i.e., Cat 2 or Cat 4 LBT. The number of contending devices, especially for LAA UEs, may be dynamically changed and well controlled by the eNB. Aperiodic SRS with PUSCH which is triggered in a dynamic way would be advantageous as the eNB is able to better control the contention number in time and improve the probability of LBT success for a scheduled SRS. And in RAN1#84 meeting, aperiodic SRS with PUSCH is supported in eLAA. 
The transmission length of SRS only is significantly shortened duration, choosing Cat 2 LBT may be appropriate for CCA procedure in terms of fairness view. While for SRS with PUSCH, the SRS transmission would be subject to a longer LBT procedure used for PUSCH. Therefore the transmission opportunity of SRS without PUSCH would be higher than SRS with PUSCH. In order to increase the opportunity of SRS transmission, aperiodic SRS transmission without PUSCH should be supported in eLAA.
Proposal 1: Aperiodic SRS transmission without PUSCH should be supported in eLAA.
However, for the avoidance of additional blind detection compared to the PUSCH transmission, the position of SRS only transmission should be the same as the position of SRS with PUSCH transmission.

Proposal 2: The position of SRS only transmission should be the same as the position of SRS with PUSCH transmission.

2.2. The position of SRS
In email discussion [3], there is one question about whether at least one symbol in a PUSCH subframe can be blanked for LBT purpose. All companies agree for the purpose of multiplexing different UEs in consecutive UL subframes, and/or transmitting DL/UL bursts over consecutive subframes, it is inevitable to have some blanked period in a PUSCH subframe for UL LBT. It is important for eNB scheduling flexibility and uplink performance. In current LTE specification the SRS is transmitted in the last SC-FDMA symbol of the subframe. However, in the LAA SCell the last symbol may be blanked for next uplink transmission, it causes SRS symbol may not be always available for UL transmission even though the result of CCA check in a blanked period of the previous subframe is clear as illustrated in Figure 1. Therefore the combination of time position of SRS and PUSCH and blanked period should be jointly discussed in a UL subframe. 
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Figure 1. SRS transmission problem
The following two scheduling cases are provided for the discussion on additional CCA gap and collision problem respectively.
Case 1: Only one UE is scheduled to transmit SRS without PUSCH 
In this case, an additional CCA gap may be needed ahead of SRS symbol for Figure 2(a) and Figure 2(b) due to the empty transmission in PUSCH symbol period. For Figure 2(c) and Figure 2(d), however, there is no such problem because SRS symbol is right after CCA gap.
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Figure 2. Only one UE is scheduled to transmit SRS without PUSCH

Case 2: Two UEs are scheduled to transmit SRS only and SRS with PUSCH
In this case, there is a collision problem in Figure 3(a) and Figure 3(b). The PUSCH transmission from UE2 blocks the CCA of UE1 due to the time position of PUSCH is ahead of SRS, while for Figure 3(c) and Figure 3(d) the CCA gap can be shared together and no collision problem.
The discussion above considering the multiplexing of SRS only transmission and SRS transmission with PUSCH. If we take PUSCH only transmission into account, the collision problem exists through (a) to (d) in Figure 3. How to solve this problem requires further discussion, however, precluding this scheduling case is the simplest method.
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Figure 3. Collision problem of SRS only transmission and SRS transmission with PUSCH 
2.3. Spectrum efficiency

Based on the discussion in Sec.2.2, the position of SRS prefers right after CCA gap i.e., Figure 2/3(c) and Figure 2/3(d). In this section, we discuss which frame structure is more suitable in eLAA from the view of spectrum efficiency. For UL to DL, in Figure 4, we observe that the DL burst can be transmitted in the boundary of the following subframe as the CCA gap is in the ending symbol(s) (Figure 4(a)), while for CCA gap in the starting symbol(s) (Figure 4(b)) it prevents the DL burst to be transmitted in the boundary of the following subframe, which causes spectral efficiency loss. Therefore SRS and CCA gap should be transmitted in the first SC-FDMA symbol of a subframe and blanked at the ending symbol(s) respectively.
Proposal 3: SRS should be transmitted in the first SC-FDMA symbol of a subframe.
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Figure 4. The difference in spectrum efficiency between two different positions of CCA gap
3 Conclusion

In this contribution, we discussed aperiodic SRS transmission without PUSCH and the position of SRS in a subframe. The discussion is summarized with the following proposals:

Proposal 1: Aperiodic SRS transmission without PUSCH should be supported in eLAA.
Proposal 2: The position of SRS only transmission should be the same as the position of SRS with PUSCH transmission.

Proposal 3: SRS should be transmitted in the first SC-FDMA symbol of a subframe.
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