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1 Introduction

In RAN1#84, the SRS design in Rel-14 eLAA has been discussed, with following agreements [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 
In this contribution, we further discuss SRS design in support of eLAA.
2 Discussion
2.1 SRS waveform for LAA scell
In LTE, the SRS is used to enable frequency-selective scheduling on UL, as well as DL beaforming based on channel reciprocity. For LAA Scell, only wideband SRS should be supported, as subband SRS is not in line with regulatory requirements of occupied channel bandwidth [2].
Proposal 1: Only wideband SRS is supported for LAA Scell. 
To meet regulatory requirements, two candidates of wideband SRS symbol structure can be considered.
· Option 1: IFDMA-like waveform with RPF structure
FDMA like structure is used in LTE as the SRS waveform, with a repetition Factor (RPF) of 2. Reuse of existing SRS structure in LAA Scell is the most straight forward approach. However, when only wideband SRS is allowed, fully reuse of existing wideband SRS signal may be problematic since both the multiplexing capacity and coverage will be limited for SRS. 

Increased RPF (>2) can be considered as a method to solve the above mentioned problems while keeping the SRS signal structure in general. RPF=4 which was already agreed in Rel-13 FD-MIMO can be regarded as a candidate solution. Higher RPF>4 may also be considered, but further evaluations are necessary on the potential degradation on the channel estimation performance. 
· Option 2: RB level frequency distributed transmission
This method is similar to transmitting approach of PUSCH [3], i.e. multiple SRS transmission clusters can be defined and in each cluster the existing SRS signal structure is kept. In this approach, the minimum bandwidth of each “SRS cluster” could be one RB and multiple clusters are uniformly spaced in entire bandwidth as shown in figure 1.
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Figure1: RB level based wideband SRS
Similar as the multi-cluster based PUSCH waveform, this SRS structure can improve the multiplexing capacity and power spectral density of cell-edge UEs while keeping the channel estimation accuracy in each cluster where SRS is transmitted. It is also noted that in this SRS structure there are many RBs where SRS is not transmitted for a particular UE, therefore, frequency hopping scheme can be considered to provide possibility to measure the whole system bandwidth. 
Proposal 2: Both IFDMA-like SRS structure or the RB level distributed SRS structure can be considered for Rel-14 eLAA.
2.2 SRS transmission within the UL subframe
Due to necessity of LBT, there are some issues on transmission of SRS and PUSCH in adjacent subframes on LAA Scell. As shown in figure 2, if no additional CCA gap is defined, adjacent SRS and PUSCH transmission from different UEs will block each other. Therefore additional CCA gap should be defined. 
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Figure 2: Illustration of SRS and PUSCH blocking in adjacent subframes
· Aperiodic SRS with PUSCH
The aperiodic SRS together with PUSCH transmission within a same subframe should be supported, in this case the SRS follows PUSCH and is transmitted in the last symbol of the subframe, which is same as the legacy behavior. The 1st OFDM symbol in the next subframe can be blanked as used as the CCA gap, as shown in figure 3(1). However, as shown in figure 3(2), if the pre-configured SRS symbol is not used for real SRS transmission, it is not necessary to waste another symbol at the head of the next subframe for CCA gap. 
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Figure 3: Staring symbols are blanked for CCA gap for SRS with PUSCH case 
To avoid the above mentioned resource waste, following two alternatives can be considered. 
Alt.1: The empty SRS symbol can be reused for CCA purpose and then UL transmission of next subframe can be started from subframe boundary. 
Alt.2: The empty SRS symbol can be reused for PUSCH transmission in the previous subframe, and the CCA gap is defined in the 1st symbol of the next subframe. 

Both alternatives may require some signaling support. For example, in alternative 1, the UE, if scheduled to transmit PUSCH in subframe n, needs to be informed about the symbol location for CCA, either in the last symbol of subframe n-1, or the 1st symbol of subframe n. In alternative 2, the CCA gap is always located in the 1st symbol of the scheduled subframe. However, UE needs to be informed about whether PUSCH can occupy the last symbol in a subframe containing cell-specific SRS symbol. 
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Figure 4: Empty SRS symbol can be used for CCA detection (left) or PUSCH transmission (right)
· Aperiodic SRS without PUSCH

SRS transmission without PUSCH is beneficial in a DL heavy traffic scenario, where SRS can be utilized to enhance the DL LAA performance by exploiting channel reciprocity. However, to support such SRS only transmission, it is preferred if the specification impact can be kept as minimum, for example no new PUSCH structure or SRS symbol location is introduced. 

If there is no PUSCH transmission from any UE in the cell, the aperiodic SRS only transmission can be scheduled in that subframe using the last symbol. However, if PUSCH transmission from UE A and SRS only transmission from UE B in a subframe is to be supported, additional CCA symbol needs to be defined by puncturing more than one symbol for PUSCH or SRS symbol location needs to be changed. Both of which requires additional specification changes. Alternatively, SRS without PUSCH can be considered in the DL ending partial subframe following the DL transmission burst and DL/UL switching gap, which is similar to the existing SRS transmission in UpPTS. An example is illustrated in figure 5 where SRS symbol is located in the last SC-FDMA symbol in the DL ending partial subframe, and DL/UL switching gap can be used as LBT purpose. 
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Figure 5: To support SRS without PUSCH in an ending partial subrame
Proposal 3: Aperiodic SRS with PUSCH should be supported for LAA Scell with the reuse of legacy SRS position and PUSCH format. 
Proposal 4: DL ending partial subframe can be used for transmission of aperiodic SRS without PUSCH. 

3 Conclusion
In this contribution, we discuss SRS design for LAA Scell. The above discussion is summarized with following observations and proposals:
Proposal 1: Only wideband SRS is supported for LAA Scell. 
Proposal 2: Both IFDMA-like SRS structure or the RB level distributed SRS structure can be considered for Rel-14 eLAA.
Proposal 3: Aperiodic SRS with PUSCH should be supported for LAA Scell with the reuse of legacy SRS position and PUSCH format. 
Proposal 4: DL ending partial subframe can be used for transmission of aperiodic SRS without PUSCH. 
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