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1 Introduction

Part of the objective of the WI on enhanced LAA (eLAA) [1], is to specify support for the following functionalities:

· UL carrier aggregation for LAA SCell(s) (with one or more UL carriers in unlicensed band) using Frame Structure type 3 [RAN1, RAN2, RAN4]

· Specify support for PUSCH and SRS

The design aspects that should be considered for supporting SRS transmission for the operation on an unlicensed band were discussed and the discussions result in the following high level agreements in RAN1#84 meeting [2]:

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

Moreover, the follow up email discussion [84-15] provided an opportunity to share the views on the support of SRS transmission without PUSCH.
In this contribution, we provide our views on aperiodic SRS transmission without PUSCH. We also discuss the physical layer design and triggering mechanism of the aperiodic SRS transmission with PUSCH in our companion contribution [3].
2 Discussions 
On transmission of aperiodic SRS without PUSCH, although in our view the system can operate without enabling this functionality, there are scenarios where it can prove to be beneficial to enable aperiodic SRS without PUSCH. Therefore this feature can be considered if it is ensured that impacts to the overall system design are not too large. 
If aperiodic SRS without PUSCH is supported, when triggered, the empty symbols after the partial TTI in the ending subframe of a DL transmission burst are suitable for this purpose. This approach is similar to the legacy behaviour where in legacy UpPTS, up to 4 symbols can potentially be used for aperiodic SRS without PUSCH. Moreover after the ending DL partial TTI the non-scheduled UEs can utilize the empty symbols in that subframe to perform CCA and transmit SRS without wasting PUSCH resources of the scheduled UEs for SRS transmission. The scheduled UEs would perform LBT in the first symbol to facilitate their corresponding PUSCH transmission with potentially SRS if requested.
Enhancements can be achieved by repetition and increasing the SRS length and hence occupying more symbols in the ending partial subframes with SRS signal. Some illustrative examples are shown in Figure 1. 
Moreover the SRS in this case follows the same structure of the SRS with PUSCH as discussed in [3], i.e. being frequency interlaced over the system bandwidth as illustrated in Figure 2. 
Based on the above discussion we propose the following:
Proposal:

· Aperiodic SRS transmissions that are not multiplexed with PUSCH may be transmitted in the last DL subframe after the end of a DL transmission burst when the last DL subframe has a partial TTI.
· The aperiodic SRS without PUSCH follows the same frequency interlaced structure as for the aperiodic SRS with PUSCH.
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If aperiodic SRS without PUSCH is supported, the triggering mechanism can be based on a DCI message to corresponding UEs as it is currently supported in LTE or by the Rel-13 common PDCCH in the ending partial and/or previous subframe. To enable this functionality, additional bits are needed in the common PDCCH.

Moreover, higher layer signalling can be used for SRS configuration such as its duration and occasion in a subframe. In this case the eNB has the flexibility to distribute the SRS transmission of different UEs in different time occasions. For example different UEs may be configured to transmit SRS depending on a given frame number and/or subframe number combination. Alternatively SRS duration and/or occasion in the ending partial subframe can be indicated to the UE by the DCI message.
Another approach is that when the SRS transmission is triggered in the ending partial subframe, the UE can determine the duration of SRS based on the length of the DL partial TTI in that subframe according to some rules. A simple rule can be to assume 4 symbol SRS for ending partial subframes of length 3 and 6, and 1 or 2 symbol SRS for the rest.
Finally since the transmission of SRS is subject to LBT, it is beneficial to allow variable SRS duration as the result of LBT outcome. In other words if the initial duration of SRS is more than one symbol, in case the LBT fails for transmission of the first SRS symbol, the UE can proceed to perform LBT in the next symbol if that symbol belongs to SRS and so on.
Based on the above discussion we propose the following:

Proposals: 
· Further study the options for triggering SRS transmissions without PUSCH including explicit and implicit approaches.
3 Conclusions
In this contribution we have discussed the signaling and design aspects for enabling aperiodic SRS transmissions without PUSCH and proposed the following:

Proposals:

· Aperiodic SRS transmissions that are not multiplexed with PUSCH may be transmitted in the last DL subframe after the end of a DL transmission burst when the last DL subframe has a partial TTI.
· The aperiodic SRS without PUSCH follows the same frequency interlaced structure as for the aperiodic SRS with PUSCH.
· Further study the options for triggering SRS transmissions without PUSCH including explicit and implicit approaches.
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Figure � SEQ Figure \* ARABIC �1�: Occasion of SRS without PUSCH





Figure � SEQ Figure \* ARABIC �2�: Structure of SRS without PUSCH being similar to the structure of SRS with PUSCH
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