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Background
The Licensed-Assisted Access (LAA) supports LTE in unlicensed spectrum. Currently, UL LAA behaviour is under discussion in release-14. Several agreements were made in RAN1 #84 [1]. 
· Flexible timing between UL grant and UL transmission is supported. Several options are considered for the details of UL grant(s) for a UE in a subframe enabling PUSCH transmission for the UE in multiple subframes in LAA SCell.
· Transmission of HARQ ACK and CSI for serving cells at unlicensed carriers on an LAA SCell is supported
The flexible UL grant timing and potential LAA UCI reporting should be considered in UL LAA channel access design. In this contribution, we share our views on the conditions/restrictions of different channel access methods, and some detailed LBT backoff considerations. 
UL LAA LBT methods
In RAN1 #84, the following was agreed for channel access mechanisms [1]. 
· Support UL LBT based on a Cat-4 channel access procedure.
· Support UL LBT based on a CCA of at least 25 µs before the UL transmission burst.
· FFS: Condition and restriction on when these options are used
In DL LAA LBT, channel access can be performed continuously in any region. For UL LAA where the transmission timing is scheduled by the eNB, the LBT should be limited to a CCA gap or contention access region, e.g. the first and/or the last symbol of a UL subframe as discussed in [84-14][2]. 
For a scheduled UL transmission, the eNB should make sure there is no conflict between a LAA DL and a LAA UL on the same LAA cell. With flexible UL grant timing, a UL transmission may occur within multiple subframes subjected to LBT at least for the first UL LAA subframe transmission. 
A LAA UE may report HARQ-ACK and/or CSI of LAA cells on a LAA cell. The UCI reporting may happen in the same subframe as a scheduled UL LAA PUSCH transmission from another LAA UE. Also, the eNB may schedule simultaneous UL transmissions from multiple UEs in a single subframe. Thus, multi-user UL LAA transmission should be supported in the UL LAA channel access design. 
should be specified, e.g. the first and/or the last symbol of a UL subframe, CCA slots within the gap period can also be fixed and aligned among all LAA UEs. A backoff counter can be initiated based on the number of CCA slots available in the contention access region. 
Here after, we analyse the methods agreed in RAN1 #84, and identify some ambiguities and potential issues, followed by some enhancement for Category 4 LBT.
CCA of at least 25 µs before the UL transmission burst
A single CCA of at least 25 µs before the UL transmission burst gives a LAA UE a single opportunity of channel access. The scheduled UL subframe should be transmitted if the channel access is successful, or dropped if the LBT failed in the scheduled CCA sensing time. A single CCA sensing supports simultaneous UL transmissions from multiple UEs if all LAA UEs sense during the same CCA interval. With this method, the CCA gap should be minimized, e.g. a maximum length of 1 SC-FDMA symbol is reserved as CCA gap. Single CCA sensing of at least 25 µs is desirable in some situations, e.g.  
· UL transmission within a MCOT of the eNB or the given UE
· UCI only subframe
· SRS only subframe
However, there are some ambiguities on the single CCA sensing location and UE behaviour. Assuming a gap period is created by puncturing one symbol space for CCA, there are several possibilities to perform a CCA of at least 25 µs before the UL transmission burst, e.g. 
Case 1: Fixed CCA location
CCA slot and sensing position is fixed, e.g. immediately before a defined LAA UL subframe boundary.  Since the single CCA sensing duration is located at a fixed location in a subframe structure, it reduces the channel access probability and the chance to use other region for channel access. Especially, if the CCA is performed immediately before a LAA UL subframe boundary, no reservation signal is needed for the UL LAA transmission. However, any unlicensed transmission occurred before the given CCA slot will block the UL LAA transmission. Thus, the LAA UE has the lowest priority in channel access. 
Case 2: Continuous CCA 
In this case, the UE performs sensing continuously, and can transmit a LAA UL whenever it senses the channel idle for at least 25 µs. Thus is an aggressive method to allow a LAA UL transmission as early as possible. But the LAA UL transmission requires a reservation signal before a defined UL subframe structure.
Therefore, we should further clarify the CCA sensing location and UE behaviour for method 1 channel access
Proposal 1: LBT with CCA of at least 25 µs before the UL transmission burst should be limited to UL access within a MCOT, UCI only, and SRS only transmissions.
· RAN1 should clarify the CCA time slot location and UE behaviour. 
Category 4 LBT for UL LAA
A category 4 LBT with random backoff is suitable for WiFi and LAA DL transmissions because the scheduling and transmissions are flexible. In a backoff procedure, the backoff counter may be suspended if the channel is busy; the contention window size may be adjusted based on the feedback of previous transmissions in an exponential backoff procedure.
Similar to DL LAA, a category 4 LBT for UL should include a random backoff mechanism for contention access. If a fixed CCA gap or contention access region should be specified, e.g. the first and/or the last symbol of a UL subframe, CCA slots within the gap period can also be fixed and aligned among all LAA UEs. A backoff counter can be initiated based on the number of CCA slots available in the contention access region. 
In the last several meetings there are many proposals on category 4 based UL LBT, including a smaller contention window (CW) size compared with DL LAA, an eNB signalled counter value, etc. Simultaneous UL LAA transmission is achieved if multiple UEs have their backoff counter reach 0 at the same CCA slot. 
Category 4 LBT provides better fairness of channel sharing with other unlicensed networks, such as WiFi and LAA of other operators. Thus, Category 4 LBT should always be used for PUSCH transmissions outside of a MCOT of an eNB or the given UE. 
Proposal 2: Category 4 LBT should be used for LAA PUSCH transmissions outside of a MCOT. 
In DL LAA, the LBT can be performed in any region. However, a LAA UL transmission is scheduled in advance by a UL grant, and the LBT should be restricted to a CCA gap before the scheduled transmission timing. No matter what CW size and backoff counter is used, there are some issues if the backoff counter is handled in a similar way as in LAA DL.
First, if the backoff counter is suspended due to channel is sensed busy, the backoff process may not be completed before the scheduled subframe transmission timing. The scheduled UL transmission cannot start because the backoff counter is not zero yet. If the backoff process is not completed in a CCA gap period, the UE behaviour should be clarified, e.g. should the UE continue the same backoff process or should the UE start a new backoff process instead; and which UL subframe should contend for access in the next subframe, etc. This depends also on the multi-subframe scheduling options [3]. For example, if different UL subframes with different HARQ processes are scheduled in different subframes, the backoff counter should not be carried over to a different UL subframe.
Furthermore, in case of simultaneous LAA UL scheduling, even if the same counter value is signalled to multiple LAA UEs, these UEs may experience different channel conditions. Thus, the backoff counter values may become different, and the backoff slots may not be aligned between different LAA UEs. Simultaneous UL LAA transmissions from multiple UEs may not be possible because the UL LAA transmission of one LAA UE with counter reaches 0 first will block the UL LAA transmission of another UE. 
Observation: Category 4 LBT for DL LAA method may not be suitable for UL LAA. 
Enhancement of Category 4 LBT for LAA UL 
To overcome the issues mentioned above, Category 4 LBT mechanisms of UL LAA should be enhanced to ensure that a backoff process can always be completed in a given contention access region or gap period. 
To ensure the backoff process can finish in the contention access region, the backoff counter can keep decreasing regardless of the channel condition. When the backoff counter reaches 0, if the channel state is idle, the UE can start a UL LAA transmission. Otherwise, if the channel state is busy, the UE should give up UL LAA transmission and retry in a later subframe with a new LBT backoff process. Note the channel state is considered as idle if the channel is sensed as idle for at least 25 µs. 
In cases of multi-user UL LAA transmission, a common backoff counter can be signalled by an eNB to multiple LAA UEs. The counter value will always be synchronized at the LAA UEs if the counter counts down continuously regardless of channel condition. 
Compared with single CCA sensing method, the enhanced category 4 has a randomized channel access location, and provides better fairness and coexistence with unlicensed transmissions. Compared with DL Category 4 LBT, the enhancement ensures a LAA UE can have a single channel access attempt in a gap period, and the backoff process should not be carried over to later subframes.
Proposal 3: UL LAA category 4 LBT can be enhanced to ensure a backoff process is always completed within a CCA gap period. 
Conclusion
In this contribution, we analyze the UL LAA LBT methods. Based on the analysis, we propose that:
Proposal 1: LBT with CCA of at least 25 µs before the UL transmission burst should be limited to UL access within a MCOT, UCI only, and SRS only transmissions.
· RAN1 should clarify the CCA time slot location and UE behaviour. 
Proposal 2: Category 4 LBT should be used for LAA PUSCH transmissions outside of a MCOT. 
Proposal 3: UL LAA category 4 LBT can be enhanced to ensure a backoff process is always completed within a CCA gap period. 
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