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Introduction
In this contribution, we discuss the remaining issues of SRS transmission on eLAA. Due to the need of CCA before SRS transmission and dynamic configuration of DL and UL in frame type 3, it was assumed that periodic SRS without PUSCH is not supported in Rel-14 eLAA. Meanwhile, it was agreed that aperiodic SRS transmissions both with PUSCH and without PUSCH are supported in Rel-14 eLAA. In this condition, we will discuss the following issues. 

· Additional resource for aperiodic SRS without PUSCH
· SRS subframe configuration
· SRS transmission
· LBT for aperiodic SRS without PUSCH
	
Discussions
Additional resource for aperiodic SRS without PUSCH
In RAN1#84b meeting, it was agreed that SRS, if present in a UL subframe, is transmitted at the end of the subframe regardless of multiplexing with PUSCH. In the case that it is not a UL subframe, aperiodic SRS without PUSCH can be transmitted ‘at least’ in DL ending partial subframes. 
In eLAA cell, there might be another possible subframe to transmit aperiodic SRS without PUSCH. That is a subframe of 0 or 5 where DRS without PDSCH/PDCCH/EPDCCH is transmitted. OFDM symbols of 12 and 13 in that subframe will be empty so that SRS transmission can be accommodated. If it is not permitted, we have to carefully consider that the value of 0 for cell-specific subframe offset for SRS transmission is not included in the parameters of ‘srs-SubframeConfig’. Therefore, it is necessary to decide whether aperiodic SRS without PUSCH is supported in DRS-only subframe of Rel-13 LAA.
Proposal 1: Aperiodic SRS transmission without PUSCH is supported in DRS-only subframe of Rel-13 LAA.
SRS subframe configuration
In LTE with frame structure type 1 and 2, eNB informs UEs of the SRS subframe configuration by means of the parameter ‘srs-SubframeConfig’ which is provided by higher layer. Given the value of subframe configuration period () and subframe offset () in parameter ‘srs-SubframeConfig’, UE can recognize the cell-specific SRS subframes to be able to transmit SRS based on triggering mechanism. In the case of frame structure type 2, cell specific subframe offsets are specified by considering with DL-UL configurations. Even though subframe configuration period is 5 or 10, there can be multiple opportunities to transmit SRS in a radio or half-radio frame by defining the multiple values as subframe offset. In the case of frame structure type 1, subframe configuration period can be 1, 2, 5, and 10 subframes and configuration period of 2, 5, and 10 have different single values of subframe offset. For example, () are (5, 1) and (5, 2) for ‘srs-SubframeConfig’ of 4 and 5, respectively. 
To specify the parameter ‘srs-SubframeConfig’ for frame structure type 3, we need to take account of dynamic DL-UL configuration and LBT before PUSCH+SRS or aperiodic SRS transmission. In the perspective of probability, the different single values of subframe offset with the same cell-specific subframe configuration period like parameters for frame structure type 1 might be unnecessary. In order to increase the opportunities to trigger and transmit SRS, it would be better to consider various SRS subframe configuration periods of 1, 2, 3, 4, 5 and 10. Or, it is necessary to define multiple subframe offsets in a period like frame type 2. Therefore, the existed frame structure type 2 SRS configuration will be a good start point to specify frame structure type 3 SRS configuration. If it is supported that aperiodic SRS without PUSCH is transmitted in DRS-only subframe of Rel-13 LAA, the value of 0 as cell-specific subframe offset could be included in parameter of ‘srs-SubframeConfig’. 
Observation 1: The existed frame structure type 2 SRS configuration would be a start point to specify frame structure type 3 SRS configuration. 
If cell-specific subframe configuration period is small or multiple subframe offsets are defined in a period, the opportunities to trigger SRS transmission and to transmit SRS depending on CCA result could increase. However, spectral efficiency can be reduced, and other RAT can occupy the operating channel due to not transmit SRS after PUSCH in a UL subframe in the case that UEs are not triggered to transmit SRS on cell-specific SRS subframe configuration. To solve this problem, it could be considered that UE ignore cell-specific SRS subframe configuration when SRS transmission is not triggered by ‘SRS request’ in UL grant DCI. This means that UE can transmit PUSCH until last symbol of UL subframe even though it is configured for cell-specific SRS subframe. eNB could manage not to happen collision between SRS transmission and PUSCH by scheduling PUSCH and triggering SRS transmission to UEs.
Observation 2: There can be gap due to not transmit SRS in UL subframe which is configured for cell-specific SRS subframe.
Proposal 2: If SRS request in DCI for UL grant is not triggered for aperiodic SRS transmission and the scheduled subframe is configured for cell specific SRS subframe, UE can ignore the cell-specific SRS subframe and transmit PUSCH up to last symbol in that scheduled UL subframe. 
SRS Transmission 
During the email discussion on UL multi-subframe (MSF) scheduling, there was consensus that SRS request is triggered per MSF. If several cell-specific SRS subframes are configured within scheduled MSF, it is necessary to indicate the subframe index (or position) to actually transmit SRS together with triggering SRS transmission. If the maximum number of subframes for multi-subframe scheduling is 4, the indicating bits in MSF DCI can be 1 or 2 bits depending on the minimum subframe period or differences between subframe offsets in parameter ‘srs-SubframeConfig’. 
Proposal 3: If SRS triggering per MSF is agreed, UE can be informed the position of subframe to transmit SRS by dynamic signalling. 
LBT for aperiodic SRS without PUSCH
[bookmark: _GoBack]Aperiodic SRS without PUSCH can be triggered by dynamic signalling of ‘SRS request’ in UE-specific DCI for DL grants from licensed cell or eLAA cell. In case of cross carrier scheduling, UE should perform Cat. 4 LBT before SRS transmission without any specific indication on LBT type for SRS transmission. In case of self-scheduling, UE is informed LBT type of either 25us one-shot LBT or Cat. 4 LBT with additional 1 bit via DCI for DL grant. This additional 1 bit doesn’t need to be present in the license cell. The contention window size of Cat. 4 LBT for SRS transmission is fixed 3.  
Proposal 4: In case of cross-carrier scheduling for DL grant, Cat. 4 LBT for SRS transmission without PUSCH is performed. In case of self-scheduling for DL grant, eNB indicate the LBT type to UE with 1 bit in DCI.
Conclusions
In this contribution, we discussed remaining details of SRS transmission on eLAA and provide following observations and proposals. 

Proposal 1: It should be considered that aperiodic SRS transmission without PUSCH is supported in DRS-only subframe of Rel-13 LAA.
Proposal 2: If SRS request in DCI for UL grant is not triggered for aperiodic SRS transmission and scheduled subframe is configured for cell specific SRS subframe, UE can ignore the cell-specific SRS subframe and transmit PUSCH up to last symbol in scheduled UL subframe. 
Proposal 3: If SRS triggering per MSF would be agreed, UE can be informed the position of subframe to transmit SRS by dynamic signalling. 
Proposal 4: In case of cross-carrier scheduling for DL grant, Cat. 4 LBT for SRS transmission without PUSCH is performed. In case of self-scheduling for DL grant, eNB indicate the LBT type to UE with 1 bit in DCI.
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