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1 Introduction

In the RAN1 #80 meeting, it was agreed to classify the evaluated channel access schemes according to the following categories [1]:
· Category 1: No LBT

· Category 2: LBT without random back-off

· Category 3: LBT with random back-off with fixed size of contention window

· Category 4: LBT with random back-off with variable size of contention window
The analysis and performance comparison of LBT category 2/3/4 were discussed in [2][3], respectively. In this contribution, the LBT category 4 is further discussed. 
2 Discussions
2.1 Review of Category 2 and Category 3
In [2], it was considered that FBE defined in ETSI regulation is a typical illustration of Category 2, and that LBE procedure Option B as defined in EN 301 893 V1.8.0 is a typical example of Category 3. As analyzed in another companion contribution [4], FBE may be a good solution to achieve reuse factor 1 between eNBs of the same operator without much impact on current specification, while requiring accurate synchronization among cells. As previously analyzed in [2], the pros and cons of FBE and LBE are summarized in Table 1. It should be noted that since both LBT category 3 and 4 are based on LBE, the pros and cons of LBE listed in the following table also apply to LBT category 4.
Table 1. Pros/Cons of FBE and LBE for DL

	
	FBE 
	LBE 

	Pros 
	Frame timing known in advance which can reduce UE blind detection complexity;

May be easier to achieve reuse factor 1 between eNBs of the same operator
	More opportunities to access the unlicensed spectrum, especially for inter-RAT co-existence case;
Flexible transmission duration to adapt to the system load; 

	Cons 
	Less opportunity to access the unlicensed spectrum;

Inflexible to adjust transmission duration to adapt to system load, which may results in low efficiency and possible resource waste 
	UE blind detection complexity to support fractional subframe transmission of PDSCH and corresponding control information


In addition, according to the analysis in [2] as well as simulation results evaluated in [3], it can also be observed that 

· LAA following LBT category 2 (FBE) can provide fair coexistence with Wi-Fi.
· Even without a variable contention window size, LAA following LBT category 3 using random backoff within the fixed contention window can be fair to Wi-Fi under a range of traffic loads.

· If the size of the fixed contention window is large enough, LAA following LBT category 3 is expected to ensure fairness to Wi-Fi in all range of traffic loads.
2.2 Further discussion on Category 4
The purpose of changing the contention window (CW) size is to adjust the probability of successful channel contention based on the assumption that transmission failures are due to collisions resulting from excessive offered load. Therefore LBT category 4 is introduced to be evaluated, so as to ensure the similar medium access rules for different equipments.
Several options can be considered for Category 4, including
· Option 1: LBE procedure Option A with a variable q for the CW as defined in EN 301 893V1.8.0
· Option 2: the channel access mechanism itself can be the same as the LBE procedure Option B as defined in EN 301 893 V1.8.0, except the contention window size is adapted based on the previous transmission quality or collision estimation., e.g. ACK/NACK.
· Option 3: the channel access mechanism itself can be the same as the LBE procedure Option B as defined in EN 301 893 V1.8.0, except the contention window size is adapted by eNB implementations, e.g., traffic load in the channel.
For option 1, it was observed in [2] that LBE procedure Option A with a variable q for the contention window as defined in EN 301 893 V1.8.0 cannot guarantee similar medium access for LAA and Wi-Fi since the channel access opportunity of LAA is greatly restricted if LAA follows LBE procedure option A.

For option 2, if the previous transmission quality reflected by ACK/NACK is considered, although the trigger event to change the CW size for Wi-Fi also depends on ACK feedback, some challenges should be considered for LAA since there are differences in how ACK/NACK works in LAA and Wi-Fi, such as different protocol architecture, single user scheduling and multi-user scheduling for Wi-Fi and LAA respectively, HARQ-ACK feedback delay (i.e. 4ms for FDD) for LAA. To overcome these challenges, some enhancements may need to be considered. For example, with respect to multi-user scheduling in LAA, one ACK ratio to reflect the transmission results by multi-user scheduling during one channel occupancy time can be considered. 
In option 3, the contention window size can be adapted based on eNB implementation and more flexible adaptation is expected. When LAA eNB senses a channel is often busy, it may assume that this channel carries more offered load than what can be handled with the current size of the contention window. Then the eNB can change q to a larger value. Compared to option 1, the channel access opportunity for LAA can be ensured to some extent. Compared to category 3,  the channel access opportunity for Wi-Fi can be increased since the contention window size of LAA can be extended when the channel experiences heavy offered load. Adapting the size of the contention window semi-statically avoids relying on imperfect estimation of collisions, and still allows the system to adapt to the traffic load and to the amount of contention (i.e. number of contending nodes within hearing distance) in the channel. In the companion contribution [5], the performance with different q is evaluated for the high traffic load when Wi-Fi coexists with LAA. It can be observed that when q increases from 32 to 128, the performance of Wi-Fi is improved while the performance of LAA is reduced. This is because more channel access opportunity will be provided to Wi-Fi with the increment of the contention window size of LAA. Therefore it will be expected if LAA can adjust the contention window size according to the traffic load, the fair coexistence with Wi-Fi can always be ensured. Adjusting the contention window size is not necessarily to be exponentially.
3 Conclusion
In this contribution, the comparison of LBT category 2 and 3 is mentioned and category 4 is further discussed. According to the analysis, the following proposals are made:
Proposals:
· LBT category 3 is good enough to achieve fair co-existence as well as guarantee LAA performance in a large range of traffic loads.

· LBT category 4 with an appropriate mechanism to adjust the contention window size further improves co-existence compared to LBT category 3
· The contention window size (e.g. q) can be adapted by eNB implementation in accordance to the average traffic load on a carrier, or
· A trigger event to dynamically adapt the contention window can be introduced based on transmission quality or collision estimation.
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