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Introduction
In RAN1 #82bis meeting, the issue on CWS adjustments for LBT operation of LAA downlink burst was discussed. The following agreements on CWS adjustment based on HARQ-ACK feedback have been reached in the meeting [1]. In this contribution, we discuss the remaining issues on CWS adjustment based on HARQ-ACK feedback.

	
Agreements:
· For CWS adjustment based on HARQ-ACKs,
· Set of CWSs for LBT priority class 3 = {15, 31, 63}
· The CWS is increased if at least Z % of the HARQ-ACK feedback values for a reference subframe set are NACK. Otherwise, the CWS is reset to the minimum value (i.e., 15).
· Reference subframe set (to be down selected)
· Alt. 1: the latest DL subframe for which HARQ-ACK feedback is available
· Alt. 2: the first DL subframe of the latest DL data burst for which HARQ-ACK feedback is available 
· Alt. 3: all subframes for which HARQ-ACK feedback is available of the latest DL data burst for which HARQ-ACK feedback is available
· FFS on the Z value. Select one out of {10%, 50%, 75%, 100%}.
· In addition, the CWS is reset to the minimum value (i.e., 15) if the maximum CWS (i.e., 63) is used for K consecutive eCCA for transmission
· K is selected by NW from the set of values from (1, …,8)
· FFS: Whether the CWS is reset to the minimum value if there has been no DL transmission by the eNB for a duration of at least T
· FFS: HARQ-ACK DTX






Collision types in LAA transmission 
 A LAA DL transmission burst might be collided with other signals (e.g. Wi-Fi frame or LAA DL data bursts from other cells). Causes of LAA DL transmission burst collision could be classified into two types. The first type of collision results from the simultaneous transmissions from different devices due to the same back-off time after the end of previous transmission (Type1: Collision due to simultaneously transmission). The other type of collision would be happened in the middle of transmission due to the hidden node problem (Type 2: Collision due to hidden node problem). Examples of collision situation are shown in Figure 1. In the case of collision type 1, AP A and eNB can detect the other’s transmission because the received signal level would be above the defined detection threshold. However, the collision might occur when they have the same waiting time consisting of defer period and the same number of back-off slots. The collision would be started from the initial signal (if it is introduced) or the first subframe in the LAA transmission burst. In the case of collision type 2, each device can’t detect the other’s transmission because the received signal level would be below the defined detection threshold. The collision will happen within any subframes of LAA transmission burst.
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Figure 1 – Example on collision types [Type 1: Simultaneous transmission, Type 2: Hidden node problem]


Observation1: Causes of LAA DL transmission burst collisions could be classified into two types; simultaneous transmission and hidden node problem.
Reference subframe set for CWS adjustment 
 Currently, three alternatives of the reference subframe set for CWS adjustment based on HARQ-ACK feedback are considered.

· Alt. 1: the latest DL subframe for which HARQ-ACK feedback is available
· Alt. 2: the first DL subframe of the latest DL data burst for which HARQ-ACK feedback is available 
· Alt. 3: all subframes for which HARQ-ACK feedback is available of the latest DL data burst for which HARQ-ACK feedback is available

The reason of increasing CWS is for reducing the collision probability when an operating channel is shared with other eNBs or Wi-Fi devices. In the case of collision type 2, however, CWS adjustment couldn’t be solution for that problem because the collision type 2 could be happened even though eNB increases the CWS. In order to avoid the collision type 2, it might be reasonable to change the operating channel of LAA or to use the robust MCS for transmission rather than CWS adjustment.
On the other hand, in the case of collision type 1, to increase CWS could be solution to reduce the occurrence probability of collision. This collision type 1 would mainly occur in the front of subframes of the LAA DL data burst. Therefore the HARQ-ACK feedback values corresponding to the first subframe rather than other any subframes or last subframe are significant.

Observation2: Collisions enabling to be solved by CWS adjustment would mainly occur in the front of the LAA DL transmission burst.


 Moreover, the fairness to trigger an increase of CWS should be also considered. If Alt. 3 is used for CWS adjustment, even though collision type 1, the percentage of NACK in the available HARQ-ACK feedback values could become lower than Z value for triggering CWS adjustment when the number of considered subframes is increased. Examples are shown in Figure 2. In the example, we assumed that the HARQ-ACK feedback values which are corresponding to (n-4)-th LAA DL subframe can be included in the operation for calculating the percentage of NACK. Given examples, Wi-Fi AP or LAA eNB 2 (which has been transmitted a shorter length of LAA DL data burst) might increase CWS because the percentage of NACK would be larger than Z value due to high possibility of decoding errors. However, LAA eNB 1 might reset the CWS since it may assume that the collision was not existed in the previous LAA DL transmission burst if the decoding errors would be not present in the other subframes except for the collided subframe. Therefore, in the fairness perspective, the HARQ-ACK feedback values corresponding to the only first subframe without any other subframes should be utilized on the calculation for the percentage of NACK values to compare with Z value.

Observation3: Fairness to increase CWS adjustment should be considered when a reference subframe set for the CWS adjustment is decided. 


Proposal1: The first DL subframe of the latest DL data burst for which HARQ-ACK feedback is available should be selected as a reference subframe set for the CWS adjustment based on HARQ-ACK.
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Figure 2 – Examples on fairness issues relevant to an increase of CWS  

Evaluation Results
 
We evaluated the performance when Alt.2 and Alt.3 were used as reference subframe set for CWS adjustment based on HARQ-ACKs. We used the Wi-Fi/LAA coexistence scenario in the TR 36.889. The TXOP of Wi-Fi is 4 ms and the TXOP of LAA is 6 ms. Contention does not occur frequently at low load and CWS adjustment has less influence to the performance at low load. So we evaluated at high load. 
We evaluated at each Z {10%, 50%, 75%, 100%}. We found that optimal value of Z% depends on several factors including topology, traffic load and TXOP. We selected the best performance and the worst performance at each reference subframe scheme for the performance comparison of two alternatives.  
The evaluation results are shown in Figure 3. The performance of Alt. 2 at best Z% is better than Alt. 3 by about 4% at LAA and by about 6% at Wi-Fi. The performance of Alt.2 at worst Z% is better than Alt. 3 by about 14% at LAA and by about 16% at Wi-Fi. Alt.2 shows less fluctuated performance according to Z% and better performance than Alt.3.

Observation4: Alt.2 shows less fluctuated performance according to Z% and better performance than Alt.3.
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Figure 3 – Evaluation result of Alt. 2 and Alt. 3 

Conclusion
In this contribution, we described CW adjustment based on HARQ-ACK feedback in LAA and provide following proposal based on related observation. 

Observation1: Causes of LAA DL transmission burst collisions could be classified into two types; simultaneous transmission and hidden node problem.

Observation2: Collision enabling to be solved by CWS adjustment mainly occurs in the front of the LAA DL transmission burst.

Observation3: Fairness to increase CWS adjustment should be considered when a reference subframe set for the CWS adjustment is decided. 
 
Observation4: Alt.2 shows less fluctuated performance according to Z% and better performance than Alt.3.

Proposal1: The first DL subframe of the latest DL data burst for which HARQ-ACK feedback is available should be selected as a reference subframe set for the CWS adjustment based on HARQ-ACK.
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