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1. Introduction
At the RAN#65 meeting, new Rel-13 Study Item on Licensed-Assisted Access using LTE (LAA-LTE) [1] has been approved.  One of the objectives is to identify and define design targets for co-existence with other unlicensed spectrum deployments, including fairness with respect to Wi-Fi and other LAA-LTE services. Evaluation assumption has been discussed at the RAN1 #78bis meeting and some assumptions obtained agreement [1]. On the other hand, there are some assumptions which should be continuously discussed. 
In this contribution, we propose to promote further discussions on LBT parameter for LAA to ensure fair co-existence between Wi-Fi and LAA.
2. Discussions
2.1 LBT Schemes

For aiming at fair co-existence with Wi-Fi, LAA should support the LBT functionality. During RAN1#80, the following LBT schemes were addressed as starting point.

・Frame Based Equipment (FBE) in ETSI [2]
・Load Based Equipment (LBE) in ETSI [2]
· Option B

· Option A

・CSMA/CA in 802.11

Under such environment that many Wi-Fi and LAA terminals are deployed, if the FBE procedure is used for the LAA, the LAA may not obtain enough channel access probability compared with the LBE procedure.  This phenomenon is induced by the fact that FBE procedure needs to wait at least channel occupancy time (e.g. 4ms), if it finds a channel occupied. Therefore, the LBE or CSMA/CA procedure should be adopted for the LBT scheme in LAA to ensure fair co-existence.　 
Proposal 1: The LBE or CSMA/CA procedure should be adopted for the LBT scheme in LAA.
2.2 Potential issue between CSMA/CA and LBE Option B
For interference avoidance, the Wi-Fi uses CSMA/CA procedure (Fig.1). At First, CSMA/CA observes the channel for duration of the DIFS time. If the channel is clear, the backoff sequence starts. Backoff counter is chosen randomly in certain range. Carrier sense finds the channel clear during intended slot time, then it decreases backoff counter.
In the case of LAA using the LBE procedure, LBT sequence is different from Wi-Fi. The LBE sequence is described in Fig 2. If carrier sense finds clearing status in initial CCA time, LAA transmitter transmits its signal immediately without waiting additional time. When LAA transmitter finds that the channel is not clear in the initial CCA duration, Extended CCA Time (ECCA) sequence starts. If LAA transmitter finds the channel clear during intended slot time, it decreases ECCA counter. When ECCA counter reaches 0, it starts transmission.
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Fig1. Example of CSMA/CA procedure
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Fig.2 Example of LBE Option B
Whether the LAA using LBE ensures fair-coexistence with Wi-Fi or not, is dependent of demand traffic and the deployment densities of eNB and AP. The reason is the difference between the LBT and CSMA parameters such as listen period and others. The LAA intermittently transmits after initial CCA time (20µs). On the other hand, Wi-Fi transmits after DIFS and Backoff Timer (34µs + α). Therefore, once LAA obtains the right of channel access, Wi-Fi cannot transmit while LAA buffer isn’t empty. If there are much demand traffic, UPT on Wi-Fi will be degraded because the buffer of LAA eNB is occupied for long time. 
Observation 1: If there is much demand traffic, UPT on Wi-Fi will be degraded due to the LAA using the LBE procedure because the buffer of LAA eNB is occupied for long time. 
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Fig.3 Situation LBE Option B and Wi-Fi transmit simultaneously
2.3 Evaluation assumptions for LAA
In this section, we provide evaluation results for LAA – Wi-Fi co-existence, which are examined for preliminary parameter study on LBT scheme. We change λ (user arrival rate in FTP model1) as parameter of demand traffic.

LBT schemes in EN 301 893 v1.8.1, followings assumptions are used for the evaluation:

· Category 3 (based on Option B in EN 301 893 v1.8.1): 

· 4ms channel occupancy time where q = 10 is used for LAA

·  CCA check is required before a burst of transmission

· The equipment shall perform an ECCA check for N ECCA observation time after CCA check (e.g. minimum sensing duration is 20μs)
· N is randomly selected in the range 1 to q every time an ECCA is required and the value is stored in a counter

· When the counter reaches zero, the equipment may transmit and select N for the next ECCA

· CCA and ECCA slot duration: 20μs 
· λ:0.5/1/2/2.5
2.4 evaluation result for outdoor scenario
We evaluate Wi-Fi-LAA coexistence case, the following evaluation methodology is followed.
· Step 1: Performance metrics for two Wi-Fi networks coexisting in a given evaluation scenario are evaluated and recorded.

· Step 2: Wi-Fi is replaced with LAA for the group of eNBs and UEs served by one of the Wi-Fi operators. Performance metrics of the Wi-Fi network coexisting with the LAA network are evaluated and recorded.
We show the UPT CDF 50% lines of Wi-Fi and LAA (Fig.4). 
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Fig.4 UPT CDF 50% line in Wi-Fi-LAA coexistence case
When λ = 0.5, the performance of Wi-Fi in step2 is higher than its Wi-Fi in step1, so LAA ensure fair co-existence with Wi-Fi. On the other hand, especially when λ = 2, its Wi-Fi in step2 is lower than its Wi-Fi in step1. This is because Wi-Fi cannot transmit due to occupation of LAA’s transmission. This shows that Wi-Fi only obtain opportunity of transmission after the buffer of LAA eNB is empty.

As above-mentioned, the existing LBE option B doesn’t ensure fair co-existence with Wi-Fi when demand traffic is increased. 
Observation 2: Existing LBE option B doesn’t ensure fair co-existence between Wi-Fi and LAA when demand traffic is increased.
So, we should discuss the optimal parameters, taking into consideration the demand traffic.
Proposal 2: We should discuss the optimal parameters, taking into consideration the demand traffic.
2.5 Parameter of LBT scheme
Table 1 shows the candidate parameters to be studied, which influence LBT performance.  Parameter study on LBT is needed for aiming at fair co-existence between Wi-Fi and LAA.
Table. 1 The candidate parameters which influence LBT performance
	
	LBE option A
	LBE option B
	CSMA/CA

	initial CCA time
/DIFS
	20µs
clear: immediately transmit 

busy: change random backoff sequence
	20µs
clear: immediately transmit 

busy: change random backoff sequence
	34µs
clear: change random backoff sequence

	slot time
	18µs
	20μs
	9µs

	ECCA

/random backoff
	increase maximum value if cannot transmit within limited time.
	maximum value is fixed.
	increase maximum value due to the retry transmission.

	max backoff
	18.4ms
	200μs  when q=10
	135µs

	the way to reduce backoff slot
	immediately
	immediately
	when channel is clear in DIFS time

	CCA threshold
	-(73 + 23 - e.i.r.p)dBm/MHz

= -60dBm/20MHz
	-(73 + 23 - e.i.r.p)dBm/MHz

= -60dBm/20MHz
	CCA-ED:-62dBm

CCA-SD:-82dBm


Proposal 3: Parameter study regarding the LBT scheme is needed for aiming at fair co-existence between Wi-Fi and LAA.
3. Conclusion

In this contribution, we propose to promote further discussions on LBT parameter for LAA to ensure fair co-existence between Wi-Fi and LAA.

Proposal 1: The LBE or CSMA/CA procedure should be adopted for the LBT scheme in LAA.
Observation 1: If there is much demand traffic, UPT on Wi-Fi will be degraded due to the LAA using the LBE procedure because the buffer of LAA eNB is occupied for long time.

Observation 2: Existing LBE option B doesn’t ensure fair co-existence between Wi-Fi and LAA when demand traffic is increased.
Proposal 2: We should discuss the optimal parameters, taking into consideration the demand traffic.
Proposal 3: Parameter study regarding the LBT scheme is needed for aiming at fair co-existence between Wi-Fi and LAA.
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