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1      
Introduction
The Work Item “Enhanced Licensed-Assisted Access to Unlicensed Spectrum” (approved in [1]) targets at enhancing LAA by introducing support for UL operation on unlicensed carriers. One part of the approved WID tasks RAN1 to specify support for SRS on LTE Frame Structure 3. LAA SRS design was discussed during RAN1#84, leading to the agreement that aperiodic SRS transmission with PUSCH is supported in eLAA [2]. Further progress was made in RA1#84bis [3], including agreements that aperiodic SRS without PUSCH is supported at least in DL ending partial subframes and can be triggered by dynamic signaling at least via DL grants.
In this contribution we consider remaining issues specific for aperiodic SRS when transmitted by UE without PUSCH allocation. Remaining open issues related to LAA SRS transmitted with PUSCH allocation are discussed in [4]. 
2
SRS triggering 
It was agreed that aperiodic SRS without PUSCH can be triggered via DL grant. We see that current aperiodic SRS trigger available on DL grant with DCI Format 1A or 2B/2C/2D with TDD are sufficient also for LAA SCell. Hence we propose that those are adopted. We also see that it is sufficient to have a single common set of SRS parameters associated to SRS trigger on DCI Format 1A or 2B/2C/2D. The set of SRS parameters proposed in [4] is applicable also for aperiodic SRS without PUSCH. 
Proposal 1: 1-bit aperiodic SRS trigger is present in DCI formats 1A and 2B/2C/2D.
We see that one of the main use cases for SRS in LAA is to facilitate efficient link adaptation also for UEs without simultaneous PUSCH allocation. In addition to DL grants, we see that mechanism for triggering aperiodic SRS for a group of UEs should be introduced to enhance the use of aperiodic SRS for UEs that are momentarily inactive both on DL and UL. 

We see that current DCI Format 3 can be enhanced to support SRS group triggering. Similar 2-bit fields as for TPC are used for SRS triggering. UE is configured with a srs-Index that is associated with multiple consecutive 2-bit fields. Based on the srs-Index UE can determine the right field for the SRS trigger within DCI 3 similarly as UE can currently determine TPC command based on tpc-Index. srs-Index is associated with the same TPC-PUCCH-RNTI as tpc-Index so the number of RNTIs allocated to the UE is not increased. Multiple UEs having the same TPC-PUCCH-RNTI may also have the same srs-Index which means that SRS transmission is triggered for a group of UEs with a single trigger. As said, SRS trigger would be comprised from two or three consecutive 2-bit fields, depending on the number of configured LAA SCells. One bit would indicate whether SRS is transmitted or not, and remaining 3 bits or 5 bits would form carrier indicator indicating the LAA SCell on which the SRS is to be transmitted.   We see that efficient group triggering can be achieved by using DCI 3, and hence propose that aperiodic SRS triggering via DCI 3 is supported. 
Proposal 2: Aperiodic SRS triggering via DCI Format 3 is supported.

3
SRS timing
In [4], we propose that there is no cell specific configuration of SRS subframes in FS3. With the absence of cell specific configuration of SRS subframes, the timing for aperiodic SRS cannot be determined as in the previous LTE releases. Instead, the timing needs to be determined based on the triggering grant. 

In Rel-13, UE that detects a positive SRS trigger in subframe n will transmit SRS in the first configured SRS subframe satisfying [image: image1.wmf]4
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. The delay of 4 subframes presents significant limitations for triggering aperiodic SRS in DL ending partial subframe; the SRS cannot be triggered in the case of self-scheduling if the DL burst does not comprise at least 3 full DL subframes. On other hand, the required UE processing for preparing SRS transmission is reasonably light. Hence we propose that the delay between SRS trigger and SRS transmission in DL ending partial subframe is reduced to 2 subframes. 

The timing of DL ending partial subframe is signaled to UE via common DCI in FS3 [5]. Hence, the timing relation between the DL grant triggering SRS in the DL ending partial subframe and DL ending partial subframe can be relaxed. The trigger does not need to occur strictly on subframe n-2 when SRS is transmitted in subframe n. Instead, aperiodic SRS in the DL ending partial subframe n could be triggered via any DL grant within the preceding DL burst as long as the DL grant occurs in subframe n-2 or earlier. This relaxation provides additional possibilities for triggering aperiodic SRS in DL ending partial subframe.
Proposal 3: Aperiodic SRS in DL ending partial subframe n can be triggered via any DL grant containing SRS trigger within the preceding DL burst and occurring in subframe n-2 or earlier.
Proposal 4: Aperiodic SRS in subframe n can be triggered via DCI Format 3 in subframe n-2.
4
Conclusion
In this contribution we have discussed various LAA SRS aspects that are specific for aperiodic SRS when transmitted by UE without PUSCH allocation. Based on the discussion, following proposals are made.
Proposal 1: 1-bit aperiodic SRS trigger is present in DCI formats 1A and 2B/2C/2D.
Proposal 2: Aperiodic SRS triggering via DCI Format 3 is supported.

Proposal 3: Aperiodic SRS in DL ending partial subframe n can be triggered via any DL grant containing SRS trigger within the preceding DL burst and occurring in subframe n-2 or earlier.
Proposal 4: Aperiodic SRS in subframe n can be triggered via DCI Format 3 in subframe n-2.
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