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1 Introduction

SRS transmission on unlicensed cells is one of the functionalities to be supported. RAN1 had achieved some agreement that both Aperiodic SRS with and without PUSCH is supported in Re-14 eLAA WI [1].  The email discussion [85-5-6] tries to conclude the LBT aspects of SRS, including ‘singling LBT type for SRS without PUSCH’ and ‘Cat 4 LBT parameters for SRS’. The agreement 7 in [85-5-6] finalized some aspect of LBT while still some issues remain open. 

Agreement 7:
·     For an aperiodic SRS that is not multiplexed with PUSCH in the same subframe,

· If the aperiodic SRS is followed by PUSCH without a gap between SRS and following PUSCH, 
· UE performs LBT indicated for the following PUSCH.

· If the aperiodic SRS is followed by PUSCH with gap between SRS and following PUSCH,

· Within eNB’s channel occupancy, UE performs 25 usec one shot LBT

· Outside of eNB’s channel occupancy, UE performs random backoff based on LBT priority Class 1.

· Choose one of the following options:

· Option 1: UE performs Cat 3 LBT with fixed CWS values. The value is chosen from [3,7].

· Option 2: UE performs Cat 3 LBT with CWS 7.

· Option 3: UE performs Cat 4 LBT.

· FFS: SRS transmission if the gap between SRS and following PUSCH is smaller than Xus.

· FFS the exact value of X > 25us
Possible agreement 8  (not agreed):

· Down-select between alternative 1 and alternative 2:

Alternative 1:

· LBT type (i.e. Cat.4 LBT or LBT based on 25us CCA) is signaled via DL grant triggering aperiodic SRS without PUSCH.

Alternative 2:

· LBT type (i.e. Cat.4 LBT or LBT based on 25us CCA) is signaled via C-PDCCH
This contribution discusses the CWS options in agreement 7 and signaling LBT type for SRS without PUSCH of possible agreement 8. The FFS point of “support SRS transmission if the gap between SRS and following PUSCH is smaller than Xus” is discussed in our companion contribution [2].
2 Discussion  
2.1 Cat 3 with fixed CWS or Cat 4 
RAN1 agreed UE performs 25 us one shot LBT for SRS-only transmission, if it is within eNB’s channel occupancy. Outside of eNB’s channel occupancy, UE performs random backoff based on LBT priority Class 1. Whether Cat 3 with fixed CW or Cat 4 to be applied in this case is not decided yet. The argument for Cat 4 is CWS adjustment is beneficial for collision reduction, thus fair coexistence with other nodes is guaranteed.  However, the collision reduction effect would be marginal considering the following factors,

(1) The CW range is just from 3 to 7 with LBT priority Class 1

(2) The length of SRS symbol is limited to only one symbol 

(3) SRS without PUSCH would be infrequent. The capacity of SRS in one symbol is always far more enough for active UEs served by unlicensed cells. Besides, it is unlikely eNB would often sacrifice one whole subframe of UL throughput to transmit SRS-only except for SRS-only transmission in DL ending partial subframe. When SRS is transmitted in DL ending partial subframe, the DL transmission always helps to hold the channel thus other nodes hardly grab the channel. 

Furthermore, the CWS adjustment for SRS would not be so straightforward and signalling overhead efficient. The CWS adjustment of PUSCH is based on ACK/NACK result, while there is no ACK/NACK for SRS. One possible way is to follow the same adjustment of the latest PUSCH transmission before SRS. However, the latency between the latest PUSCH and aperiodic SRS without PUSCH is typically long, because the aperiodic SRS without PUSCH is more suitable for UEs without PUSCH transmission for a long time otherwise aperiodic SRS with PUSCH is applied. Therefore, the interference circumstance for reference PUSCH transmission and aperiodic SRS without PUSCH would already be different which reduces the efficiency of CWS adjustment. If the CWS is to be adjusted, eNB should indicate the CW size to UE in DL assignment to avoid misalignment of CWS between eNB and UE when UE miss detects the UL grant.  

Based on the analysis above, Cat 3 with fixed CW size is reasonable considering its simplicity and negligible impact on fair coexistence with other nodes. 
Proposal 1:Cat 3 with fixed CW size 3 is applied for aperiodic SRS without PUSCH.  
2.2 LBT type indication  

There are two alternatives to indicate LBT type for aperiodic SRS without PUSCH. One is by DL assignment, which triggers SRS, and the other is by C-PDCCH. The argument for C-PDCCH indication is to save the signalling overhead in DL assignment considering the C-PDCCH that implicitly indicates LBT type by RCOT is always transmitted. However, C-PDCCH is not necessarily to be transmitted in every DL burst, either for the purpose of DL ending partial subframe indication or the RCOT indication [3]. Moreover, UE may miss the C-PDCCH. It is not robust to rely on C-PDCCH other than the control signalling which triggers/schedules the corresponding UL transmission to determine LBT for that transmission. Including LBT type for SRS in DL assignment ensures proper UE behaviour even when the C-PDCCH is missed. It is noted that it is already agreed the LBT type for PUSCH is signalled via UL grant, the logic of which is definitely same for SRS.  

Proposal 2: LBT type (i.e. Cat.4 LBT or LBT based on 25us CCA) is signalled via DL grant triggering aperiodic SRS without PUSCH.
3 Conclusions
Based on the discussion above, the followings are proposed for the remaining aspects of SRS LBT:

Proposal 1:Cat 3 with fixed CW size 3 is applied for aperiodic SRS without PUSCH.  
Proposal 2: LBT type (i.e. Cat.4 LBT or LBT based on 25us CCA) is signalled via DL grant triggering aperiodic SRS without PUSCH.
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