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1
Introduction
In RAN1#79, work continued on study item RP-141817 “Revised SID: Study on Licensed-Assisted Access to Unlicensed Spectrum” [1]. The discussion of LBT as a required functionality has already been discussed and included in the draft TR 36.889 [2]. This contribution explores the performance difference between fixed contention window backoff processes and adaptive contention window backoff processes. 
2
Discussion
2.1 Fixed vs. Adaptive Contention Window

In distributed contention based access models a trade-off must be balanced between medium access delay, collision probability, and scalability. A fixed contention window (CW) backoff process is a process in which a random number is chosen from a fixed range CW for each channel access attempt. Fixed CW processes can be tuned to offer decent medium access delay and collision performance in scenarios with a known number of contending nodes. However, when the contending node count varies outside of the optimized range, the performance will suffer. If the density drops below the tuned density, nodes will be overly penalized with excessive medium access delay for the conditions. Conversely if the density increased beyond the tuned range, the collision rate will increase, producing inefficient use of the channel. For these reasons, fixed CW backoff processes exhibit scalability issues when the contending node count is not under tight control. 
To alleviate the scalability issue seen with fixed CW backoff processes, CW adaptation methods have been developed. The IEEE 802.11 working group adopted a truncated exponential backoff process to allow the system to scale gracefully with the contending node count. In this method the backoff process initially selects a random backoff from a relatively small CW. However, any time the channel access attempt results in a collision, the CW is doubled for that node to quickly reduce the probability of collision on the subsequent attempt. In this way medium access delay is kept to a minimum when collisions are low. In the event that the contending node count increases and collision probability increases, the CW used by each node quickly increases to reduce the probability of subsequent collisions. 

Proposal 1: RAN1 simulation analysis should include study of backoff processes that include adaptive contention windows e.g. truncated exponential growth. 
2.2 CW Increase Trigger

The IEEE 802.11 Distributed Coordination Function triggers an increase in the contention window anytime a collision is detected. Collisions are detected by the absence of the Acknowledgement (ACK) message sent from the receiving node approximately 16 µsec after a success frame reception. This method provides timely congestion avoidance via a short feedback loop. Not all protocols will have such a fast feedback loop. For example LTE HARQ-level ACK/NACK timing is on the order of 4ms (or greater in many cases). Due to the longer feedback loop, an ACK/NACK based CW increase mechanism is ill suited for LTE. 

One possible method for CW increase in an adaptive CW backoff process is to use and idle versus observed slot ratio in a finite observation window. In this method, a fixed observation window is set to the current CW size. A random number N is chosen between zero and the CW that represents the number of idle slots to be observed before transmission. Idle slots are defined as 9 µsec slots in which energy remains below the energy detection threshold. A busy slot is defined as any time duration in which the energy observed remains above the energy detection threshold. Idle slots are only decremented after an inter-frame space of 27 µsec. The CW starting value is 10 slots. The maximum allowed CW value is 1024 slots. 
The current CW is multiplied by an exponential multiplier anytime the number of idle slots within CW observed slots is less than N. The exponential multiplier is 2^n where n is the failure count since the last transmission. In this method, a transmission occurs after N idle slots are observed within the observation window CW. When a transmission occurs, the CW is decreased by a factor of 2. Note this does not require the successful reception of the transmission. This scheme is called exponential increase multiplicative decrease or EIMD. EIMD reacts quickly to congested environments quickly scaling the CW to reduce collision probability. Unlike 802.11, EIMD has a damped response while decreasing the CW resulting in a higher average CW in congested environments. This behaviour reduces the collision rate and makes more efficient use of the shared channel. In Figure 1 below, a targeted simulation has been prepared to showcase the performance difference between 802.11 DCF, the ETSI LBE rules with a fixed backoff, and the EIMD method described here. 
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Figure 1 - P(success) Comparison of Backoff Processes
As seen in Figure 1 the ETSI LBE fixed backoff provides a large performance disparity between Wi-Fi nodes and LAA nodes. At low densities Wi-Fi nodes have a significant advantage over LAA nodes. At higher densities this reverses and LAA nodes have the advantage. Moreover, the Wi-Fi node performance for higher densities is worse than the Wi-Fi versus Wi-Fi baseline case shown in green. 
By contrast, the EIMD method described above provides nearly equal access probability across a wide range of densities. Only at medium to high densities scenarios do the LAA nodes start to show some advantage over the Wi-Fi nodes. However, even in this region, the Wi-Fi nodes show performance equal to or better than the Wi-Fi versus Wi-Fi baseline. 

Observation 1: Choosing an appropriate backoff process is critical LAA-Wi-Fi coexistence. Therefore, a backoff process should be standardized and should not be determined by each vendor individually.

Proposal 2: RAN1 should study methods for triggering CW adaptation (i.e. increase and decrease).
3
Conclusions

In this contribution, we propose the following study areas for adaptive contention window backoff processes:
Proposal 1: RAN1 simulation analysis should include study of backoff processes that include adaptive contention windows e.g. truncated exponential growth. 

Observation 1: Choosing an appropriate backoff process is critical LAA-Wi-Fi coexistence. Therefore, a backoff process should be standardized and should not be determined by each vendor individually.

Proposal 2: RAN1 should study methods for triggering CW adaptation (i.e. increase and decrease).
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