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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]After RAN1 85 meeting, an email discussion on the channel access framework in eLAA was held and the corresponding conclusions are summarized in [1]. The agreements on the LBT scheme for SRS are as below:
· 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

In this contribution, the three options for LBT schemes with gap between SRS and following PUSCH, and the details about how to transmit SRS which is with small gaps between SRS and following PUSCH will be discussed.
Discussion
LBT scheme for A-SRS
For SRS transmission outside the eNB MCOT, the three proposed LBT schemes for SRS includes:
· 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

For option 3, the CWS adjustment procedure should be defined carefully for the Cat 4 LBT procedure. Currently, the UL CWS adjustment is based on the HARQ-ACK results from PUSCH. However, there is no HARQ-ACK for SRS. Then further study or even evaluations are needed to get the CWS adjustment procedure for SRS. 
Observation 1: Cat.4 LBT cannot be easily used for SRS without PUSCH since there is no HARQ-ACK for SRS without PUSCH.
For option 1 and option 2 with Cat 3 LBT, there is no need of CWS adjustment with HARQ-ACK feedback. For option 1, the value of [3,7] was defined for Cat 4 LBT with the highest priority. Alternatively, the value can be fixed to 7 with option 2. 
When A-SRS is transmitted in the last symbol of the subframe with DwPTS length equals to 12 symbols, the UE has to finish the CCA procedure and RX->TX transition within the 13th symbol. Considering the RX-TX transition time is generally 20us according to [2], the random backoff number should be no more than 4. Otherwise, the LBT procedure can not be finished within the 13th symbol. With CWS fixed to 7, it is possible that the random backoff counter may be larger than 4. Thus the SRS scheduling should be avoided in the DL partial subframe with DwPTS length equals to 12 symbols, otherwise the SRS will be dropped with high probability. Although the SRS may also be dropped even with random backoff counter smaller than 4 due to the interference situation in the channel, it is still desirable from the eNB scheduling perspective that the UE is expected to finish the backoff procedure at the scheduled time, especially considering that the eNB would schedule multiple SRS without PUSCH in the same subframe.
On the other hand, considering the large SRS multiplexing capacity in one symbol as well as the wideband SRS transmission, A-SRS without PUSCH may be very infrequent in the system. Thus the CWS for SRS could be fixed to 3.
Proposal 1: For SRS transmission without PUSCH outside the eNB MCOT, UE performs Cat 3 LBT with fixed CWS=3.
Then there are two possible LBT type for SRS without PUSCH: one shot LBT when the scheduled SRS is within the eNB MCOT and Cat 3 LBT for SRS outside the eNB MCOT. Since the scheduled UE may not be aware of the eNB MCOT time scale, it is necessary to indicate the UE about the LBT type to be used. The eNB can indicate the LBT type through DL grant which triggers the SRS. Another possible way is the eNB indicates the remaining COT (RCOT) via C-PDCCH. The UE decides the scheduled SRS is within or outside the eNB MCOT through the RCOT and get the LBT type information. The RCOT indication in C-PDCCH and possible LBT type update through the RCOT is under discussion in the channel access topic. Then it is proposed to indicate the LBT type for scheduled SRS without PUSCH at least in the DL grant.
Proposal 2: Indicate the LBT type for scheduled SRS without PUSCH at least in the DL grant.
SRS transmission for small gaps between SRS and following PUSCH
Another remaining issue is the SRS transmission for small gaps (assumed as Xus) between SRS and the following PUSCH. This is shown in Fig. 1 below.


[bookmark: _Ref456086082]Fig. 1 SRS transmission for small gaps between SRS and following PUSCH
The UE has to perform TX->RX transition, CCA procedure, and RX->TX transition within the Xus interval. According to the section 6.3.4.1 in [2], the general TX->RX transition and RX->TX transition time are both 20us. For the CCA procedure, the minimal time is 25us in the MCOT. As a result, at least 65us within the Xus should be used for the UE to transfer from transmitting SRS in subframe #n-1 to transmitting PUSCH Xus later in the following subframe. Thus, it is infeasible to transmit SRS if the gap between SRS and following PUSCH is smaller than 65us. When eNB schedules PUSCH in the following subframe of the SRS subframe, it is desirable that the eNB leaves the 1st SC-FDMA symbol as blank.
Observation 2: If the aperiodic SRS is followed by PUSCH with gap between SRS and the following PUSCH, the gap should be larger than 65us. Thus, it is desirable to blank the 1st SC-FDMA symbol of the following PUSCH subframe.
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, the remaining issues for SRS transmission are discussed and the following proposal and observation are reached:
Observation 1: Cat.4 LBT cannot be easily used for SRS without PUSCH since there is no HARQ-ACK for SRS without PUSCH.
Observation 2: If the aperiodic SRS is followed by PUSCH with gap between SRS and the following PUSCH, the gap should be larger than 65us. Thus, it is desirable to blank the 1st SC-FDMA symbol of the following PUSCH subframe.
Proposal 1: For SRS transmission without PUSCH outside the eNB MCOT, UE performs Cat 3 LBT with fixed CWS=3.
Proposal 2: Indicate the LBT type for scheduled SRS without PUSCH at least in the DL grant.
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