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Introduction
In RAN1 #80bis [1], RAN1 concluded that several options can be further studied to enable improved frequency reuse for LBE for DL LAA [2], including CCA threshold adaptation, transmit (Tx) start timing alignment and signal subtraction from ED or modified ED, etc. In RAN1 #82, these options were discussed and it was agreed that signal subtraction from ED as a way to enable frequency reuse is not considered in Rel-13 [3]. It was also noted that frequency reuse is a design target for LAA [4].

In this contribution, we focus on transmit (Tx) start timing alignment methods for intra-operator LAA operation, i.e. the coordination among LAA cells controlled by the same scheduler. First, with the agreed ECCA slot and defer period parameters in RAN1 #82, the ECCA slots are aligned only among LAA cells experience the same channel conditions. 

However, how to align the ECCA slots of LAA cells that observe different channel conditions is still an open issue. Furthermore, for LAA cells with aligned ECCA slots, the methods to achieve frequency reuse with simultaneous LAA transmissions still needs to be specified. 

ECCA slot alignment
Since a LAA transmission only starts at the boundary of an ECCA slot, frequency reuse with Tx start timing alignment is possible only if the LAA cells participated in frequency reuse have aligned ECCA slots. Obviously, for LAA cells experience the same channel conditions, the ECCA slots are aligned automatically because the defer period is defined as 16 µs followed by a number of 9µs ECCA slots, as agreed in RAN1 #82 [4][5]. 


Figure 1. ECCA alignment issues with different interference and channel conditions
However, the LAA cells under the same eNB may experience different interference and channel conditions, which will lead to different ECCA slot timings. As shown in Figure 1, LAA cell 1 and cell 2 observe different channel busy conditions, and LAA cell 3 has a new packet arrival; they all results in different ECCA slot timings. This makes it very difficult to perform frequency reuse with Tx start timing alignment among the LAA cells. 
As a design target of LAA, several options can be considered for frequency reuse with ECCA slot alignment. We list them with the ascending order of frequency reuse support. 
Option 1: Limited to LAA cells with aligned ECCA slots
Frequency reuse with Tx start timing alignment is allowed only among LAA cells with aligned ECCA slots. This minimizes the spec impact, but significantly reduces the potential frequency reuse.
Option 2: eNB performs ECCA alignment by extending the defer periods
In this case, the eNB can align the ECCA slot of a LAA cell with another LAA cell for frequency reuse by extending the length of an ICCA or a defer period. As shown in Figure 2, by extending the defer period of LAA cell 2, the ECCA slots can be aligned with the ECCA slots of LAA cell 1 even if different interference and channel conditions are observed at these two LAA cells.


Figure 2. ECCA alignment by defer period and/or ICCA extension
Thus, the actual defer period or ICCA of a LAA cell is flexible, and may be slightly longer than the defined 16 µs plus the required number of 9µs ECCA slots. The maximum extension will be smaller than an ECCA slot size in all cases. 
In another word, for LBT operation, defer period and ICCA specify minimum time requirements instead of absolute values. The eNB has the freedom to align the ECCA slots between LAA cells by eNB implementation.
With Option 2, the ECCA slot alignment may be performed only for the LAA cells targeted for frequency reuse. ECCA slot alignment can also be performed on all LAA cells under the same scheduler so that all cells have the same ECCA slot timing.
Observation 1: Relax the defer period and ICCA lengths as minimum lengths can overcome ECCA slot alignment by eNB implementation.
Option 3: Apply an ECCA slot structure to all LAA cells
To maximize the frequency reuse and to reduce the ECCA alignment activities as in Option 2, a fixed ECCA slot structure can be defined. Thus, ECCA slots are always aligned among all LAA cells, and all LAA cells perform CCA detection based the defined ECCA slot timing.
A subframe or an OFDM symbol can be consists of fixed slots with ECCA length. The ECCA slot structure can also be defined at subframe level or OFDM symbol level. Since the effective LTE transmission is at OFDM symbol level, the ECCA slots can be filled from the end of an OFDM symbol, as shown in Figure 3. Note there will be a small remaining time left at the beginning of an OFDM symbol because the length is not dividable by 9µs ECCA length. The remaining time can be merged with the next ECCA slot to form an extended ECCA slot. 


Figure 3. An example of fixed ECCA slot structure in an OFDM symbol length
With the fixed ECCA slot structure, the actual length of a defer period and/or an ICCA should also be flexible as in Option 2. The defer period and/or ICCA should be extended to the boundary of the next closest ECCA slot with Option 3. 
Observation 2: Define a baseline ECCA slots provides best timing alignment and support of frequency reuse in LAA.
Based on the above observations, we propose:
Proposal 1: RAN1 should clarify the need and methods of ECCA slot alignment for LAA cells.

Backoff counter handling for frequency reuse
A LAA cell may transmit immediately when its backoff counter reaches 0; or the LAA cell may defer transmission and wait for another ICCA slot length as agreed in RAN1 #81[6]. Furthermore, a self-deferral behavior was agreed in RAN1 #82 [7]. During the eCCA procedure, the backoff counter does not have to be decremented when a slot is sensed to be idle. If a slot is not observed it should be assumed to be busy. 
One target of self-deferral is to allow frequency reuse. For frequency reuse with transmission alignment, it is only possible if multiple LAA cells transmit simultaneously when their counters reach 0 in the same aligned ECCA slot. 
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. 
Therefore, the LAA cell backoff counter handling is a natural approach to align the transmit timing. For a group of LAA cells with potential frequency reuse, several options of backoff counter handling may be considered. 
Option 1: A group of LAA cells share the same backoff counter value
With this option, a single backoff counter value 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. 
· Observation 3: A backoff counter can be jointly maintained for a group of LAA cells for frequency reuse. But it significantly reduces the channel access probability. 
Option 2: Backoff counter handling with counter alignment 
For more flexible LAA cell operation, each LAA cell can maintain its own backoff counter independently. The backoff counter of a LAA cell may be the same or different from another LAA cell depending on initial counter values and the observed channel conditions at each LAA cell. Compared with a common backoff counter among a group of LAA cells, the independent backoff counter represents the local interference condition more accurately, and provides higher probability of channel access for the LAA cells. 
To facilitate frequency reuse, backoff counter alignment among different LAA cells may be performed to align the transmission timing of LAA cells desired for frequency reuse. For frequency reuse among LAA cells with different counter values, how to set the counter value after counter alignment is an open issue. Intuitively, several methods can be considered as follows:
Method 1: Set with the maximum counter value
If the maximum counter value is used, the LAA cells with smaller counter values should increase their counter values. Note this is effectively equivalent to perform self-deferral and wait for the counter countdown from the LAA cell with the maximum counter value. Thus, this is virtually already supported by the self-deferral mechanism. However, this method reduces the channel access probability of LAA cells because they have to wait for longer time.
Method 2: Set with the minimum counter value 
If the minimum counter value is used, the LAA cells with larger counter values can be decreased to the minimum counter value without regular counter countdown. This provides best channel access probabilities to the LAA cells with frequency reuse without delaying the contention access procedures of the LAA cell with minimum counter value. However, if the process is applied frequently, it will jeopardize the fairness sharing with other unlicensed technologies.
If the minimum counter is not zero, the alignment can be performed among LAA cells regardless of the channel sensing results. As a special case, if the minimum counter is zero for a LAA cell, the LAA cell can transmit immediately; the eNB can deliberately set the counter value of another LAA cell to 0 in the same CCA slot to achieve frequency reuse with simultaneous transmissions [8]. In this case, the channel condition (and CCA sensing result) of the other LAA cell has to be in idle state in the last ECCA slot.
Method 3: Set with an average counter value
As a tradeoff, to achieve frequency reuse, the aligned counter can be set with the average of the counter values of the participating LAA cells. Thus, for a LAA cell with a smaller counter value, the counter is increased; for a LAA cell with a larger counter value, the counter is decreased. 
Therefore, in case of counter alignment for frequency reuse, the counter of a given LAA cell may be increased, decreased or maintain the same. After a counter alignment, a defer period can be applied to all LAA cells involved in the counter alignment.
No matter which method is used, to preserve contention fairness among LAA cells, some limitations may be applied for the LAA cells performing counter alignment, e.g. counter alignment can only be performed within LAA cells with the same contention window size (CWS); or counter alignment can only be performed within LAA cells with the difference of counter values within a given range.
· Observation 4: Enhanced counter handling beyond self-deferral is beneficial to support more effective frequency reuse. 
Based on the above observations, we propose that
Proposal 2: RAN1 should consider backoff counter alignment methods for LAA frequency reuse. 

Conclusion
In this contribution, we consider frequency reuse of LAA cells under the same scheduler/operator with transmission start timing alignment. 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. 
To allow simultaneous transmissions among LAA cells, alignment methods should be considered for the ECCA slots and the backoff counter values. We analyze different options for ECCA slot alignment and backoff counter alignment. Based on the analysis and observations, we propose that:
Proposal 1: RAN1 should clarify the need and methods of ECCA slot alignment for LAA cells.
Proposal 2: RAN1 should consider backoff counter alignment methods for LAA frequency reuse. 
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Figure 1. ECCA alignment issues with different interference and channel conditions
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