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Introduction
The Licensed-Assisted Access (LAA) supports LTE in unlicensed spectrum. The DL only LAA was specified in LTE release-13. And a new WI is approved to identify and specify behaviours of UL LAA [1]. In previous RAN1 meetings, many different options were proposed for channel access of UL LAA [2]. In this contribution, we analyze the potential problems of these channel access methods. Based on the observations, we list the considerations of LAA UL listen before talk (LBT) mechanism design. 

Observations of UL LAA LBT methods
A LTE UL transmission is scheduled by an eNB with an uplink grant. 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. Furthermore, a UL transmission should occur only within the scheduled subframe, and should not be extended or postponed to later subframes. The time between a UL grant and the scheduled UL transmission is at least 4ms. The eNB may schedule simultaneous UL transmissions from multiple UEs in a single subframe. 
In the last several meetings, several methods were proposed for UL LBT in many contributions, e.g. [3]-[11]. Here after, we briefly analyse the pros and cons of the existing methods.
Method 1: no LBT if the gap between a DL and UL is very small
A UL LAA transmission may happen without LBT if the gap between a DL and a UL is very small. However, this method has many restrictions, e.g. 
· The end time of a DL LAA transmission and the start time of the UL LAA should be known in advanced or be fixed. 
· It only works for the first UL transmission after a DL LAA transmission, not for consecutive LAA UL transmissions. 
· The length of a LAA DL burst is restricted by the association timing between the DL scheduling DCI and UL transmission. It is hard to support variable length LAA transmissions.
Furthermore, the canonical hidden terminal issue still exists. There may be other unlicensed transmissions near the UE but no detected by an LAA eNB. If the UE transmits without sensing, it will cause collision to an ongoing unlicensed transmission.
In the case where no other unlicensed network (e.g. WiFi or LAA cells from other operators) is present, this method may be applicable, especially if LAA patterns include LAA DL and LAA UL subframes are defined, this can be used. 
Observation 1: Although it is feasible in some cases for a LAA UL transmission without LBT when the gap is very small, it has too many restrictions and is hard to justify.
Method 2: Category 2 LBT before scheduled transmission
In LAA network, the LAA subframe transmission is in opportunistic manner. Thus, listen before talk (LBT) with clear channel assessment (CCA) should be performed before a LAA UL transmission. Category 2 LBT requires a single CCA sensing before transmission. Because UL transmission is scheduled, the UL transmission should be dropped if it cannot get the channel at scheduled time. The category 2 LBT also supports simultaneous UL transmissions from multiple UEs since they all sense the same CCA interval before the LAA subframe boundary. 


To avoid interruption of ongoing WiFi packet exchange, the length of the CCA sensing can have minimum defer duration of 25µs, which consists of duration immediately followed by a slot duration of .
However, 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. 
In the case where no other unlicensed network (e.g. WiFi or LAA cells from other operators) is present, the LAA eNB scheduler should ensure there is no conflict between LAA DL transmission and LAA UL transmission, and a single CCA detection before UL transmission is sufficient. 
Observation 2: Category 2 LBT is sufficient if no other unlicensed network is present. But it is too restrictive on LBT sensing and access opportunity if other unlicensed networks coexist.
Method 3: Category 4 LBT
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.
Similarly, a category 4 LBT for UL should include a random backoff mechanism for contention access. 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 transmissions may be supported by a common eNB signalled counter to multiple UEs assuming the CCA timeslots are synchronized and the channel observed at these UEs are the same. 
In LTE, a UL transmission is scheduled in advance by a UL grant with fixed association timing. No matter what CW size and backoff counter is used, there are some issues if the backoff counter is handled the same way as in LAA DL.
First, if the backoff counter is suspended due to channel is sensed busy, the backoff process may not complete before the scheduled subframe transmission timing. The scheduled UL transmission cannot start because the backoff counter is not zero yet. Continue contention access in a later subframe may not be suitable for a UL scheduled for an earlier subframe because the association timing will be broken. 
Furthermore, even if the same counter value is signalled to multiple UEs, the backoff counter values may become different due to different channel conditions observed at different UEs, 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 3: The backoff and counter handling methods for LAA DL are not very suitable for LAA UL LBT due to fixed association timing between UL grant reception and the corresponding UL transmission and UE multiplexing in a single UL subframe.

Requirements of UL LAA LBT methods
To overcome the issues mentioned above for existing LBT mechanisms, Category 4 LBT mechanisms for UL LAA should be enhanced considering the fixed timing requirements and simultaneous UL LAA transmissions. 

The enhanced Category 4 UL LAA LBT mechanism should satisfy the following:
· Fixed UL LAA contention access region and CCA slot should be specified or signalled before the scheduled UL LAA transmission timing.
· The backoff process can always be completed in a given contention access region or gap period.
· If a backoff counter is signalled by eNB, the counter value should be always synchronized at the LAA UEs for simultaneous UL LAA transmissions.
· Provide some fairness among LAA UEs, and more channel access probabilities compared with category 2 single CCA sensing methods.

Based on the observations above, UL transmission with LBT should be supported. A unified solution can be designed considering the presence of other unlicensed networks (such as WiFi). 

Proposal: For a unified UL LAA channel access solution 
· UL transmission with LBT should be supported
· Simultaneous LAA UL transmissions should be supported 

Conclusion
In this contribution, we analyze the UL LAA LBT methods, we observe that:
· Observation 1: Although it is feasible in some cases for a LAA UL transmission without LBT when the gap is very small, it has too many restrictions and is hard to justify.
· Observation 2: Category 2 LBT is sufficient if no other unlicensed network is present. But it is too restrictive on LBT sensing and access opportunity if other unlicensed networks coexist.
· Observation 3: The backoff and counter handling methods for LAA DL are not very suitable for LAA UL LBT due to fixed association timing between UL grant reception and the corresponding UL transmission and UE multiplexing in a single UL subframe.
Based on the observations, we propose that:
· Proposal: For a unified UL LAA channel access solution 
· UL transmission with LBT should be supported
· Simultaneous LAA UL transmissions should be supported 
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