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1 Introduction
In RAN1#79, evaluation assumptions for LAA DL were agreed and captured in TR 36.889 v0.1.1. Some PHY layer options were also discussed. In this contribution, we first discuss some PHY layer options related to the evaluation in section 2. Then we present our evaluation results of fair coexistence for LAA DL assuming the indoor scenario in TR 36.889 v0.1.1.  
2 Basic PHY layer options for LAA DL
2.1 Frame structure for LAA DL
In RAN1#79, the following was agreed. 
· DL LAA design should assume subframe boundary alignment according to the Rel-12 CA timing relationships  across serving cells aggregated by CA 
· At least for LBE, some signal(s) can be transmitted by eNB between the time eNB is permitted to transmit and the start of data transmission at least to reserve the channel
· This does not imply the data transmission can start only at the subframe boundary

· Possible restriction on starting position of data transmission can be considered
· The duration of this signals(s) is part of the maximum transmission duration

· The content/additional function/duration of this signal is FFS

· This does not imply network synchronization

Since a partial subframe without data could be a very large overhead, it is desirable to start the data transmission in the first subframe of a burst. Fig.1 shows two possible types of PDSCH.  In type (a), a transport block is always aligned with a physical subframe. The eNB may need to generate many patterns of modulated signal in advance because the size of transport block varies as the start timing changes depending on the result of carrier sensing. In type (b), a transport block may cross the physical subframe boundary to enable the eNB to determine the size of transport block in an early timing. From the viewpoint of evaluation on fair coexistence with WiFi based on the assumption in TR 36.889 v0.1.1, these two types have identical performance.
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Fig. 1: Data transmission start at the first subframe
2.2 Random backoff
As indicated by R1-145193, the initial Clear Channel Assessment (CCA) check for load based equipment in EN 301893 v 1.7.1 cannot achieve fair coexistence with WiFi. Always applying the extended CCA process to start the LBT procedure could be a solution. The extended CCA process defined in EN 301893 v1.7.1 mandates a random backoff where the backoff factor is selected in the range 1 to q. q = 10 for a 4ms burst transmission. The observation period of each CCA check is required to be equal or larger than 20us. Since the minimum idle period of WiFi before starting a burst transmission is 34us, the minimum idle period of LAA DL after each occupied slot is required to be equal to or larger than 34us in terms of  fair coexistence. As proposed by R1-145193, one solution could be always to have an additional CCA check of 20us after each occupied slot. Another solution could be to use 34us as the observation period of each CCA check. Basically, coexistence performance can be optimized by adjusting the duration of a CCA check and/or the backoff window “q”. Since the original algorithm in EN 301893 cannot meet fair coexistence for LAA DL and WiFi, whether the formula defining “q” can also be modified could be further discussed.  
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Fig. 2: Extended CCA

3 Evaluation results
This contribution presents the evaluation results for indoor scenario. All the data traffic in LTE network is allocated to unlicensed bands. The simulation assumptions which are up to each company are shown in Appendix 1. The following three scenarios are evaluated. 
	
	Scenario 1
	Scenario 2
	Scenario 3

	Operator A
	WiFi

	Operator B
	WiFi
	LAA with
backoff method 1 
	LAA with 

backoff method 2 


Backoff method 1: Always applying a modified extended CCA process before sending a DL burst. An initial CCA check is added at the beginning of LBT procedure and after each occupied slot.  The duration of a CCA check is 20us.
Backoff method 2: Always applying the extended CCA process before sending a DL burst. No additional CCA check. The duration of a CCA check is 34us.

3.1 Low, Medium, High load case
Here the results for the “Y=1” case are shown. The results for the “Y=4” case which have absolutely the same trends are shown in Appendix 2. Table 1 shows the offered traffic for low, medium, high load. Those values are determined based on the simulation of scenario 1 (The reference case). Table 2 shows the UPT CDF of operator A (WiFi) in three scenarios. The results show that LAA has less negative impact on WiFi in comparison to WiFi-WiFi coexistence. We note that random backoff procedures in both scenario 2 and 3 assume “q=10”. The coexistence performance can be further optimized by adjusting the backoff window “q” and/or the duration of a CCA check.
Table 1: Offered traffic for various load in the case of Y=1
	
	Low load
	Medium load
	High load

	Offered traffic [Mbps]
	7
	9
	11

	Buffer occupancy [%]
	19.9
	32.4
	64.8


Table 2: UPT CDF in the case of Y=1
	
	Low load
	Medium load
	High load

	UPT [Mbps] of Operator A
	Scenario 1
	Scenario 2
	Scenario 3
	Scenario 1
	Scenario 2
	Scenario 3
	Scenario 1
	Scenario 2
	Scenario 3

	10%-tile
	6.46
	24.7
	29.9
	4.55
	12.8
	15.5
	1.73
	5.62
	5.40

	50%-tile
	32.2
	42.2
	46.2
	20.1
	31.4
	34.1
	5.94
	17.5
	21.6

	90%-tile
	46.8
	58.1
	63.8
	32.6
	43.7
	48.8
	16.9
	29.2
	36.2


Observation 1: In low, medium and high load case, LAA DL meets the requirement of fair coexistence with WiFi by applying either of following backoff method. 
Backoff method 1: 
Always applying a modified extended CCA process before sending a DL burst. An initial CCA check is added at the beginning of the LBT procedure and after each occupied slot.  The duration of a CCA check is equal to or larger than 20us.
Backoff method 2: 
Always applying the extended CCA process before sending a DL burst. No additional CCA check. The duration of a CCA check is equal to or larger than 34us.

3.2 Full buffer case as a upper boundary
As the load increases, the competition for transmission opportunities becomes tougher, the collisions due to simultaneous transmission from multiple APs/eNBs happen more frequently. Then APs/eNBs have to retransmit more often. As a result the user throughput decreases, and the requirement for fair coexistence gets harder for LAA due to the exponential backoff algorithm of WiFi. In that sense, the full buffer case shows an upper boundary for LAA in terms of fair coexistence with WiFi. Table 3 shows the results of full buffer case when Y=1. It can be seen that LAA with backoff method 1 does not meet the requirement of fair coexistence whereas LAA with backoff method 2 does. On the other hand, scenario 4 which just increased the value of “q” in scenario 2 from 10 to 15 meets the requirement of fair coexistence.
Table 3: Full buffer case
	UPT [Mbps] of Operator A
	Scenario 1
	Scenario 2
	Scenario 3
	Scenario 4

	10%-tile
	0.41
	0.39
	0.42
	0.43

	50%-tile
	0.63
	0.57
	0.67
	0.73

	90%-tile
	1.35
	1.03
	1.44
	1.71


Observation 2: The full buffer case shows an upper boundary for LAA in terms of requirement for fair coexistence with WiFi. In the full buffer case, LAA with backoff method 2 can meet the requirement of fair coexistence. On the other hand, the backoff window “q” needs to be increased for LAA with backoff method 1 in order to meet the requirement.
Proposal: List both backoff method 1 and backoff method 2 as potential solutions for LAA DL to meet the requirement of fair coexistence. The optimization of the backoff window “q” and the duration of a CCA check for each method could be further discussed.
4 Conclusions

We presented the evaluation results for LAA DL in indoor scenario. The results guide to the following observations and a proposal: 
Observation 1: In low, medium and high load case, LAA DL meets the requirement of fair coexistence with WiFi by applying either of following backoff methods:
Backoff method 1: 
Always applying a modified extended CCA process before sending a DL burst. An initial CCA check is added at the beginning of the LBT procedure and after each occupied slot.  The duration of a CCA check is equal to or larger than 20us.
Backoff method 2: 
Always applying the extended CCA process before sending a DL burst. No additional CCA check. The duration of a CCA check is equal to or larger than 34us.

Observation 2: The full buffer case shows an upper boundary for LAA in terms of requirement for fair coexistence with WiFi. In the full buffer case, LAA with backoff method 2 can meet the requirement of fair coexistence. On the other hand, the backoff window “q” needs to be increased for LAA with backoff method 1 to meet the requirement.
Proposal: List both backoff method 1 and backoff method 2 as potential solutions for LAA DL to meet the requirement of fair coexistence. The optimization of the backoff window “q” and the duration of a CCA check for each method could be further discussed.
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Appendix 1: Simulation assumptions
Table 4 Simulation assumptions which are up to each company
	Traffic model
	FTP model 3

	Network synchronization
	Asynchronous between different operators.
Nodes of an operator are synchronized and time-aligned.

	DL/UL Duplexing in Operator A
	DL only

	Rate control in WiFi
	Auto Rate Fallback [4]

	Channel selection
	Minimum number of neighbours

	MCS
	QPSK/16QAM/64QAM, without 256QAM

	CCA-ED threshold of LAA
	-135dBm


Appendix 2: Evaluation results in the case of Y=4

Table 5 shows the offered traffic for low, medium, high load. Those values are determined based on the simulation of WiFi-WiFi coexistence. Table 6 compares the UPT CDF of operator A between WiFi-WiFi coexistence and WiFi-LAA coexistence. The results show that LAA has less negative impact to WiFi with comparison to WiFi-WiFi coexistence.

Table 5: Offered traffic for various load in the case of Y=4
	
	Low load
	Medium load
	High load

	Offered traffic [Mbps]
	12
	24
	36

	Buffer occupancy [%]
	16.1
	36.9
	64.0


Table 6: UPT CDF in the case of Y=4
	
	Low load
	Medium load
	High load

	UPT [Mbps] of Operator A
	Scenario 1
	Scenario 2
	Scenario 1
	Scenario 2
	Scenario 1
	Scenario 2

	10%-tile
	19.0
	48.9
	10.5
	13.4
	5.86
	9.75

	50%-tile
	64.3
	67.9
	41.4
	48.4
	24.1
	33.3

	90%-tile
	80.2
	82.9
	55.3
	59.9
	36.8
	43.0
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