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1 Introduction

In RAN1#84 meeting, it was agreed to support aperiodic SRS transmission with PUSCH as follow.
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
With regard to aperiodic SRS transmission without PUSCH, there have been discussions in email discussion of [84-15] after RAN1 #84 meeting. It is realized that multiple companies would like to support this feature for eLAA. As one of companies to support it, we further investigate aperiodic SRS transmission without PUSCH in this contribution.
2 Aperiodic SRS transmission without PUSCH
In the email discussion, following three options as a position to transmit SRS without PUSCH are suggested and discussed. 

· Option 1: On the 1st valid symbol of the UL subframe

· Option 2: On the last valid symbol of the UL subframe

· Option 3: In an ending partial subframe after the DL transmission

Each option has pros and cons. Therefore we further investigate options in the perspective of LBT scheme and SRS triggering. For convenient, we use ‘SRS+PUSCH’ as an aperiodic SRS transmission with PUSCH and ‘SRS only’ as an aperiodic SRS transmission without PUSCH in this contribution. 
[Option 1]

With option 1, the blanked symbol(s) for CCA of ‘SRS+PUSCH’ can be shared for CCA of ‘SRS only’. Thus, it is desirable since there is no necessary to configure any additional CCA gap before ‘SRS only’. However, one thing to be considered is the case that the different LBT schemes are utilized for ‘SRS+PUSCH’ and ‘SRS only’. In the email discussion, most companies have agreed that single CCA of 25us might be sufficient for ‘SRS only’. If single CCA and Cat. 4 LBT are utilized for ‘SRS only’ and ‘SRS+PUSCH’, respectively, it might be necessary that UE intended to transmit SRS without PUSCH also know the information of both back-off counter and defer period in order to align its SRS transmission with other UE’s transmission with SRS+PUSCH. The reason is why the required symbol for CCA process can be varied depending on contention window size. Also, there can be exist reservation signal (e.g. extended CP or dummy signal) between the end time of Cat.4  LBT process and the transmission time of SRS for aligning to symbol boundary in eNB. The figure 1 shows an example of possible problem regarding to the second case. Because UE1 perform single LBT right before transmission of SRS, it could happen to misunderstand that channel is occupied. Therefore UE1 should also detect the number of back-off counter and defer period in order to align with other transmissions as shown in figure 2. This means that the information on back-off counter and the number of slots in defer period depending on LBT priority should be delivered in common DCI in eLAA cell. 
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Figure 1 – Example of possible problem due to different LBT schemes
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Figure 2 – Example of alignment between SRS only and SRS+PUSCH 
Observation1: If option 1 is supported, the effect of different LBT scheme between SRS only and SRS+PUSCH would be considered. 
Proposal1: If option 1 is supported, LBT parameter for SRS+PUSCH should be signalled in common DCI in eLAA Cell.
[Option 2]

In the case of Option 2, it is required additional CCA gap between PUSCH and SRS. It is able to cause spectrum efficiency loss. Therefore it seems that option 2 is not suitable for aperiodic SRS transmission without PUSCH. 
Observation2: Option 2 is not suitable for aperiodic SRS transmission without PUSCH.
[Option 3]

Option 3 can be a proper solution for SRS only transmission because it can be configured independently of SRS+PUSCH. Also, it is suitable to exploit the remaining symbols after ending partial subframe and to reuse legacy UpPTS structure up to 4 symbols for SRS only transmission. To minimize the specification effort and uncertainty, it is preferred that the position of SRS symbols for option 3 is at the end boundary of subframe as legacy UpPTS regardless of the number of remaining symbols after ending partial subframe. The length of SRS symbols can be informed by RRC message or common DCI. The symbol index for each UE in SRS symbols can be derived from SRS configuration index in SRS parameter by assuming that subframe index would be 1 or 6 in TDD. Then aperiodic SRS transmission can be triggered by common DCI. In order to increase the probability to occupy channel for transmitting SRS of option 3, it can be considered to make the position of SRS symbols be started after one symbol from end partial subframe. In that case, symbol index mapping manner should be further discussed. One additional consideration is how to perform CCA between adjacent symbols in UpPTS with 2 or 4 symbols when different UEs are configured to different symbols. One simple way is to substitute every second symbol for performing CCA. The other possible way for minimum specification change is to utilize the self-deferral without additional CCA right before SRS transmission as shown in figure 3. It is that UEs perform 25us CCA before the first SRS symbol and then transmit SRS on the configured symbol without additional CCA.
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Figure 3 – Example of possible solution of self-deferral CCA for option 3
Observation3: Option 3 is suitable for supporting aperiodic SRS transmission without PUSCH. 
3 Conclusion
In this contribution, we discussed aperiodic SRS transmission without PUSCH for eLAA and provide following observations and proposals. 
Observation1: If option 1 is supported, the effect of different LBT scheme between SRS only and SRS+PUSCH would be considered. 
Observation2: Option 2 is not suitable for aperiodic SRS transmission without PUSCH.

Observation3: Option 3 is suitable for supporting aperiodic SRS transmission without PUSCH. 

Proposal1: If option 1 is supported, LBT parameter for SRS+PUSCH should be signalled in common DCI in eLAA Cell. 
- 4/4 -

