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Introduction
In RAN1 LAA ad hoc meeting, it was agreed that enabling frequency reuse for transmission by neighbor LAA cells of the same operator is one target of LAA design [1]. The design of LBT should take into account of frequency reuse [2]. 

In RAN1#80bis [3], RAN1 concluded that several options can be further studied to enable improved frequency reuse for LBE for DL LAA [4], including CCA threshold adaptation, transmit start timing alignment and signal subtraction from ED or modified ED, etc.

Conclusions:
· At least the following options can be further studied to enable improved freq. reuse for LBE for DL LAA
1. CCA threshold adaptation
2. Tx start timing alignment
3. Signal subtraction from ED or modified ED
4. Combination of those options or other alternatives are not precluded.



In this contribution, we focus on transmit time alignment methods for intra-operator LAA operation. For LAA cells controlled by the same scheduler, e.g. by the same eNB or managed by the same operator, the scheduler can provide following functions with coordinated backoff handling,
· Allow simultaneous LAA transmissions form multiple LAA cells; and
· Avoid collisions from multiple LAA cells if simultaneous transmission is not desirable.
LAA backoff counter handling
In RAN1 #80bis, a working assumption was made on Category 4 channel access scheme for DL LAA [5]. For a LAA cell, the channel should be idle for an initial CCA slot before backoff counter handling in an extended CCA (ECCA) operation. The backoff counter is decreased if the channel is idle in an extended CCA slot. A LAA cell may transmit immediately when its backoff counter reaches 0.
Thus, a LAA transmission always starts at an ECCA slot boundary. To allow frequency reuse for LAA cells managed by the same eNB or operator, the ECCA slot structure of the LAA cells should be synchronized, as discussed in [6]. 
For frequency reuse, multiple LAA cells can transmit simultaneously with aligned transmit timing. The LAA cell backoff counter handling is a natural approach to align the transmit timing. If multiple LAA cells have backoff counter as 0 in the same ECCA slot, frequency reuse is achieved with simultaneous LAA transmissions.
For a group of LAA cells with potential frequency reuse, two methods of backoff counter handling may be considered. 
Method 1: LAA cells share the same backoff counter
In this method, a single backoff counter is maintained across a group of LAA cells. Thus, if any LAA cell in the group senses the channel as busy, the backoff counter is suspended. The backoff counter is reduced only if all LAA cells in the group sense the channel as idle. Therefore, although it simplifies the backoff process, the probability of channel access for these LAA cells is greatly reduced.
Method 2: LAA cells maintain their own backoff counters 
In this method, each LAA cell maintains its own backoff counter. The backoff counter of a LAA cell may be the same or different from another LAA cell depending on the observed channel conditions at each LAA independently. 
If backoff counter of a LAA cell reaches zero, it may transmit immediately. RAN1 should discuss methods to allow other LAA cells to transmit simultaneously. Thus, the overall probability of channel access for these LAA cells is higher than a single LAA counter as in method 1. However, extra eNB handling is required to align the transmission timing of other LAA cells if frequency reuse of these LAA cells is desirable, as discussed in the next section.
Therefore, independent backoff counter handling with eNB coordination allows both frequency reuse of simultaneous LAA transmissions from multiple LAA cells, and single LAA cell transmission if the other LAA cells sense the channel is busy due to different interference conditions observed at different LAA cells.
Proposal 1: The backoff counter should be maintained independently at each LAA cell with coordinated counter handling by the scheduler. 
Simultaneous LAA transmissions for frequency reuse 
For intra-operator LAA cells under the same scheduler, assume the CCA slots are synchronized among the LAA cells, the eNB can obtain feedback from each LAA cell. If the scheduler has the information of each LAA cell, e.g. the detection results in a CCA slot and the backoff counter of each LAA cell, the eNB can coordinate the backoff counters of LAA cells to enable frequency reuse.
Use two LAA cells as an example, and assume both of them have pending data to transmit. Without loss of generality, if LAA cell 1 senses the channel is idle in a CCA slot and the backoff counter reduces to zero, it obtains the channel and starts a LAA burst transmission. A preamble or reservation signaling may be included at the beginning of the LAA burst transmission. 
If simultaneous transmission from LAA cell 1 and cell 2 is beneficial to the overall system performance (e.g. enhanced throughput or spectrum efficiency), to enable frequency reuse, the eNB may schedule simultaneous LAA transmissions from LAA cell 2 even if the backoff counter of LAA cell 2 is not zero. 
To achieve this, the eNB should check the CCA detection results and coordinate the backoff counter of LAA cell 2. If LAA cell 2 also senses the channel is idle in the last CCA slot, the eNB can set the backoff counter of LAA cell 2 to zero, and start a burst of LAA transmissions simultaneously with LAA cell 1. On the other hand, if LAA cell 2 senses the channel is busy in the last CCA slot, the eNB should maintain the backoff counter of LAA cell 2, thus no simultaneous LAA transmission from LAA cell 2. 
With eNB handling for frequency reuse, if any LAA cell obtains the channel, the eNB can determine whether other LAA cells under the same scheduler can transmit simultaneously or not. Compared with exclusive transmission of WiFi, the frequency reuse of LAA transmissions significantly increases the access probability of an individual LAA cell and the overall spectrum efficiency. Thus, frequency reuse is a major advantage of LAA over WiFi.
Proposal 2: If a LAA cell obtains the channel, simultaneous transmission can be enabled by setting the backoff counter to zero on another LAA cell if it senses the channel as idle in the last CCA slot.
LAA transmission deferring with a new backoff process
On the other hand, not all simultaneous LAA transmissions are desirable. In some cases, simultaneous transmissions from adjacent LAA cells may cause interference to each other, thus subframe dropping by transmission collision. 
In WiFi, the backoff counter is maintained independently at the access point (AP) and each station (STA). The AP has no knowledge of the current counter value at each station. Thus, packets collision cannot be fully avoided due to multiple nodes have counters reach zero in the same backoff slot. For LAA cells managed by the same scheduler, this kind of collision can be avoided with eNB coordination. 
Still use two LAA cells as example, if both LAA cell 1 and LAA cell 2 obtain the channel in the same CCA slot, i.e. both backoff counters reach 0, and if the scheduler determines that simultaneous transmission is not beneficial to the overall performance, e.g. it will cause collision or corruption of one or both LAA transmissions, the scheduler may suspend the transmission of one of the LAA cell that obtains the channel. For example, the eNB can start immediate LAA burst transmission from LAA cell 1, and defer the transmission on LAA cell 2 with a new backoff process. 
Essentially, the collision avoidance is achieved by similar eNB backoff counter handling as for frequency reuse. Although this is a relatively low probability case, the eNB may defer the transmission by reinitiating the backoff counter even if the backoff counter value becomes zero. Thus, potential collision avoidance is a clear advantage of LAA over WiFi.
Proposal 3: If multiple LAA cells obtain the channel in the same CCA slot, the eNB may defer the transmission of some of these LAA cells by starting new backoff processes to avoid collision of undesirable simultaneous LAA transmissions.
Conclusion
In this contribution, we consider frequency reuse of LAA cells under the same scheduler/operator, esp. for the backoff counter coordination and handling. With knowledge of CCA detection result and backoff counter of each LAA cell, the eNB can coordinate the backoff counter to allow simultaneous LAA transmissions, and to avoid undesirable LAA transmission collision. We propose the following: 
Proposal 1: The backoff counter should be maintained independently at each LAA cell with coordinated counter handling by the scheduler. 
Proposal 2: If a LAA cell obtains the channel, simultaneous transmission can be enabled by setting the backoff counter to zero on another LAA cell if it senses the channel as idle in the last CCA slot.
Proposal 3: If multiple LAA cells obtain the channel in the same CCA slot, the eNB may defer the transmission of some of these LAA cells by starting new backoff processes to avoid collision of undesirable simultaneous LAA transmissions.
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