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1 Introduction
The new Rel-14 work item on enhanced LAA is tasked with specifying the efficient operation of uplink LAA [1]. Within the WID scope, the channel access mechanism functionality for UL transmission should be addressed. The following agreements were made during RAN1#85 [2] and the follow up email discussions [85-05-03] and [85-05-06]:
Agreement:
· If the triggering for SRS without PUSCH is received in subframe n, the UE should send SRS without PUSCH in subframe n+k (not considering the LBT failure).

· k is indicated by 3 bits in DL grant. "000" represents no triggering for SRS without PUSCH; "001"~"111" represents SRS without PUSCH is transmitted in subframe n+4~n+11 respectively.
Agreement:
· 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
With respect to LBT operation for SRS transmission without PUSCH, the signaling of the LBT type for SRS, as well as details when UE is expected to use LBT priority class 1 are remained to be resolved which are addressed in this contribution. Moreover, our view on the gap between SRS and following PUSCH is discussed in our companion contribution [3].


2 Discussion
In the agreement made during the email discussion [85-05-06], some options are listed when the UE is using LBT priority class 1 for SRS without PUSCH transmission. Before discussing the suitable options, it is beneficial to discuss the relevant scenario. This occurs when both SRS and consequently the follow up PUSCH fall outside the eNB’s MCOT and the eNB has assigned different UEs for SRS transmissions as compared to PUSCH transmissions:
· Case 1: The PUSCH is scheduled in the subframe following the SRS
·  The duration of gap between the SRS and PUSCH can only be one DFTS-OFDM symbol, as per previous agreements. 
· Case 2: The PUSCH is not scheduled in the subframe following the SRS 

· The duration of gap between the SRS and PUSCH can be at least one subframe.
First of all, case 1 appears to be poor planning from the eNB point of view since in this case, the UE with PUSCH transmission has only a CCA budget of one symbol to succeed with a Category 4 LBT. This is only possible if the UE is performing LBT with priority class 1 with a minimum contention window size. Otherwise even in the case of an idle channel and absence of interference, there is not sufficient time for a UE to perform a Category 4 LBT operation with other parameters within one symbol. Therefore, this situation is very limited and from an eNB’s point of view not an efficient way of operating.

Therefore, the second case is a more reasonable operating case where the focus is only on SRS transmission. When SRS is transmitted it is important that the UEs triggered to transmit the SRS do not block each other. This implies that in case of successful LBT, they all have to transmit at the symbol boundary. 
It should be noted that there is no feedback for SRS transmission. For non-acknowledged transmission it is not feasible to change the contention window size due to lack of feedback. The same principle applies in IEEE802.11 where it is not possible to detect collisions; the contention window size is not impacted. One example is Beacon frames that are Broadcast transmissions and cannot be acknowledged. An 802.11 AP or STA is unable to detect collisions of Broadcast traffic. That's the reason why Broadcast transmissions do not impact the contention window size. Consequently, there are no retransmissions with Broadcast frames.
Based on the discussion above, we explain our view on the most suitable options for SRS transmissions based on LBT priority class 1 as the following.
Option 1 seems the most reasonable solution specially where in realistic implementation usually is followed by self-defer mechanism as discussed above. Option 2 is very conservative and such constraints are not well motivated especially in low load scenarios. Moreover, the lack of feedback for SRS transmission creates complications for adopting Option 3. Although the agreement discusses SRS-only transmissions which are followed by PUSCH with a gap, the LBT option to be used for the SRS-only transmission is relevant even if there is no following PUSCH with or without gap. Hence, in the following, we formulate the proposals considering all of the above cases.
Proposal:

· If the aperiodic SRS transmitted in a subframe without PUSCH is not followed by PUSCH without a gap between SRS and the following PUSCH, the UE should use a Category 3 LBT procedure with a fixed contention window size of 3.
Although our preference is Option 1 with a CWS value of 3, we discuss in the following how Option 1 and Option 3 can be combined in order to reach to a reasonable compromise solution if needed:

Basically there is a need to determine a procedure for the UE on how to adjust the CW for PUSCH transmission [4] as discussed heavily during the last RAN1 meeting as well as in the email discussion [85-05-06]. For PUSCH transmission the UE knows if the CW size is going to be increased or not in case the transmission happens outside eNB MCOT, where the UE is subject to perform Cat 4 LBT. That indication for adjusting the CW size can be used for the SRS only transmission outside the eNB’s MCOT as well. However, the indication should be relevant and not very outdated. Considering that by any Cat 4 based DL transmission a new MCOT is initiated by eNB, it is relevant to consider the latest DL transmission to identify the transmissions outside eNB’s MCOT. Moreover, the latest scheduled PUSCH transmissions outside the eNB MCOT and prior to the SRS transmission without PUSCH can be considered relevant enough to provide the least outdated information with respect to collision and interference status on the channel and consequently how to adjust the contention window size. 
Therefore, based on the above discussion we propose the following:
Proposal:
· If an aperiodic SRS transmitted in a subframe without PUSCH is not followed by PUSCH without a gap between SRS and the following PUSCH, and the UE is subject to perform a category 4 LBT procedure based on LBT priority Class 1, the UE follows the following procedure for the CW adjustment of the SRS transmission:
· The UE increases or resets the CW size for the triggered SRS transmission without PUSCH based on Category 4 LBT if the CW size for the latest scheduled PUSCH transmission based on Category 4 LBT before the triggered SRS is increased or reset, respectively.
Finally, on the subject of the LBT type we would like to propose a similar approach as agreed for PUSCH transmission. However, we would like to consider further enhancement to enable possibility to revise the LBT type from Category 4 to 25µs CCA if the conditions are met as we discussed in more detail in our companion contribution [5]. Therefore, we propose the following:
Proposal:
· LBT type (i.e. Cat.4/Cat.3 LBT or LBT based on 25µs CCA) for SRS transmission without PUSCH is signaled via its corresponding DL grant.
· The LBT type may be revised via common PDCCH if a mechanism to indicate the remaining COT via the common PDCCH is adopted. 


3 Conclusion
In this contribution we discussed the open issues with respect to LBT operation for SRS transmission without PUSCH addressing the signaling of the LBT type for SRS as well as details when UE is expected to use LBT priority class 1.  Based on the discussion we made the following proposals:

Proposal:

· If the aperiodic SRS transmitted in a subframe without PUSCH is not followed by PUSCH without a gap between SRS and the following PUSCH, the UE should use a Category 3 LBT procedure with a fixed contention window size of 3.
Proposal:

· If an aperiodic SRS transmitted in a subframe without PUSCH is not followed by PUSCH without a gap between SRS and the following PUSCH, and the UE is subject to perform a category 4 LBT procedure based on LBT priority Class 1, the UE follows the following procedure for the CW adjustment of the SRS transmission:
· The UE increases or resets the CW size for the triggered SRS transmission without PUSCH based on Category 4 LBT if the CW size for the latest scheduled PUSCH transmission based on Category 4 LBT before the triggered SRS is increased or reset, respectively.
Proposal:
· LBT type (i.e. Cat.4/Cat.3 LBT or LBT based on 25µs CCA) for SRS transmission without PUSCH is signaled via its corresponding DL grant.
· The LBT type may be revised via common PDCCH if a mechanism to indicate the remaining COT via the common PDCCH is adopted.
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