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1
Introduction

In the LTE LAA SID proposal [1], design objective for licensed assisted access (LAA) service to coexist with other devices operating in the unlicensed spectrum has been disclosed as follows:  

Identify and define design targets for coexistence with other unlicensed spectrum deployments, including fairness with respect to Wi-Fi and other LAA services. This should be captured in terms of relevant fair sharing metrics, e.g., that LAA should not impact Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; these metrics could include throughput, latency, jitter etc.  This should also capture in-device coexistence for devices supporting LAA with multiple other-technology radio modems, where it should, e.g., be possible to detect Wi-Fi networks during LAA operation; note that this does not imply concurrent LAA+Wi-Fi reception/transmission. This should also capture co-channel coexistence between different LAA operators and between LAA and other technologies in the same band.
According to the request stated in [2] meeting agreement made in March 2015 LAA ad hoc meeting in Paris, additional comments are added to the DL only simulation results.  We also add an updated version of channel access mechanism for LAA used in the simulation. 
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Additional comments to the DL coexistence evaluation results
The table tempaltes in the following with highlighted sentences describe the requested additional comments regarding optional assumption that have been used. 
· Sensing threshold used

· Whether defer periods are used or not

· CCA and ECCA slot length

· Inter-operator synchronization for LAA-LAA coexistence

· Whether or not intra and/or inter-RAT detection is assumed

· Any significant deviations from evaluations methodology and assumptions
· Tdoc numbers for the contributions describing their LBT schemes
Table 1a: Wi-Fi vs LAA, Indoor Y=1, TXOP=4ms
	Tdoc /

Company
	LAA LBT cat.
	Reported parameters
	Low load

BO range for Wi-Fi in Step 1: 10%~25%
	Medium load

BO range for Wi-Fi in Step 1: 35%~50%
	High load

BO range for Wi-Fi in Step 1: above 55%

	
	
	
	Wi-Fi in

step 1
	Wi-Fi in

step 2
	LAA

in

step 2
	Wi-Fi in

step 1
	Wi-Fi in

step 2
	LAA

in

step 2
	Wi-Fi in

step 1
	Wi-Fi in

step 2
	LAA

in

step 2

	150812/
ETRI
	3
	UPT CDF

[Mbps]
	5%
	7.45
	9.33
	13.62
	1.93
	4.0595
	10.91
	0.94
	0.8
	3.49

	
	
	
	50%
	38.15
	49.0
	44.01
	17.08
	31.95
	35.13
	10.43
	10.63
	22.05

	
	
	
	95%
	68.71
	68.97
	75.32
	64.91
	68.79
	71.49
	57.37
	66.7
	66.45

	
	
	
	Mean
	39.85
	45.07
	46.08
	22.92
	34.60
	38.13
	17.02
	17.97
	26.72

	
	
	Delay CDF

[ms]
	5%
	60.24
	60.03
	52.60
	63.71
	60.18
	54.09
	71.98
	61.46
	62.06

	
	
	
	50%
	108.39
	84.50
	89.36
	242.44
	129.61
	111.99
	396.95
	381.35
	187.07

	
	
	
	95%
	555.88
	443.84
	290.76
	2136.8
	1020.0
	361.49
	4084.7
	4877.1
	1135.6

	
	
	
	Mean
	170.79
	157.02
	118.67
	565.55
	254.42
	145.07
	997.07
	1216.2
	321.38

	
	
	𝜌
	0.94
	0.95
	0.95
	0.93
	0.95
	0.95
	0.87
	0.89
	0.89

	
	
	BO
	17.9%
	16.3%
	15.7%
	40.13%
	22.0%
	%19.0
	59.1%
	60.2%
	36.2%

	
	
	𝜆
	0.45
	0.6
	0.85

	
	Additional comments


	1) unlicensed band only

2) DL only (for Wi-Fi: ACK modeled)

3) 10 UEs per operator

4) For Wi-Fi: both 256-QAM & LDPC are applied (11ac spec.)

5) For LAA: 256-QAM applied (Rel. 12 TBS table)

6) 1x2 antenna configuration (1 spatial stream) for both Wi-Fi and LAA

7) Round robin / auto-rate fallback algorithm applied for Wi-Fi

8) For LAA: HARQ processed only in licensed band

9) -62dBm
10) 43us initial defer period used for LAA at all times

11) q=10 (4.0625ms)

12) synchronized
13) no inter-RAT technology detection

14) no significant deviation from evaluation methodology and assumptions

15) R1-152102




Table 1b: Wi-Fi vs LAA, Indoor Y=1, TXOP=4ms
	Tdoc /

Company
	LAA LBT cat.
	Reported parameters
	Low load

BO range for Wi-Fi in Step 1: 10%~25%
	Medium load

BO range for Wi-Fi in Step 1: 35%~50%
	High load

BO range for Wi-Fi in Step 1: above 55%

	
	
	
	Wi-Fi in

step 1
	Wi-Fi in

step 2
	LAA

in

step 2
	Wi-Fi in

step 1
	Wi-Fi in

step 2
	LAA

in

step 2
	Wi-Fi in

step 1
	Wi-Fi in

step 2
	LAA

in

step 2

	150812/
ETRI
	2
	UPT CDF

[Mbps]
	5%
	7.45
	10.1
	15.6
	1.93
	14.99
	10.58
	0.94
	6.05
	3.53

	
	
	
	50%
	38.15
	54.27
	50.12
	17.08
	53.89
	35.97
	10.43
	31.14
	26.29

	
	
	
	95%
	68.71
	68.8
	61.81
	64.91
	68.70
	61.84
	57.37
	67.16
	61.42

	
	
	
	Mean
	39.85
	46.99
	44.57
	22.92
	47.47
	38.5
	17.02
	34.49
	29.65

	
	
	Delay CDF

[ms]
	5%
	60.24
	60.16
	64.07
	63.71
	66.95
	71.14
	71.98
	61.64
	64.47

	
	
	
	50%
	108.39
	75.81
	78.75
	242.44
	84.56
	122.33
	396.95
	132.94
	150.65

	
	
	
	95%
	555.88
	404.33
	247.43
	2136.8
	304.94
	415.91
	4084.7
	684.57
	1110.0

	
	
	
	Mean
	170.79
	127.03
	110.91
	565.55
	126.45
	161.1
	997.07
	217.89
	336.09

	
	
	𝜌
	0.95
	1.0
	0.91
	0.91
	0.93
	0.89
	0.87
	0.85
	0.84

	
	
	BO
	17%
	11%
	12%
	40.13%
	15.6%
	18.4%
	59.1%
	29.6%
	34.2%

	
	
	𝜆
	0.45
	0.6
	0.85

	
	Additional comments


	1) DL only (for Wi-Fi: ACK modeled)

2) 10 UEs per operator

3) For Wi-Fi: both 256-QAM & LDPC are applied (11ac spec.)

4) For LAA: 256-QAM applied (Rel. 12 TBS table)

5) 1x2 antenna configuration (1 spatial stream) for both Wi-Fi and LAA

6) Round robin / auto-rate fallback algorithm applied for Wi-Fi

7) For LAA: HARQ processed only in licensed band

8) -62dBm
9) 43us initial defer period used for LAA at all times

10) q=10 (4.0625ms)

11) synchronized
12) no inter-RAT technology detection

13) no significant deviation from evaluation methodology and assumptions

14) No modification to FBE defined in [3] (a FBE period for a frame is defined as 5ms)



Table 2a: LAA vs LAA, Indoor Y=1, TXOP=4ms
	Tdoc /

Company
	LAA LBT cat.
	Reported parameters
	Low load

BO range: 10%~25%
	Medium load

BO range: 35%~50%
	High load

BO range:

above 55%

	
	
	
	LAA opt. 1
	LAA opt. 2
	LAA opt. 1
	LAA opt. 2
	LAA opt. 1
	LAA opt. 2

	150812/

ETRI
	3
	UPT CDF

[Mbps]
	5%
	9.16
	7.07
	4.04
	4.55
	1.20
	1.65

	
	
	
	50%
	36.75
	34.21
	21.93
	22.50
	6.47
	8.57

	
	
	
	95%
	75.12
	75.21
	70.49
	70.82
	30.20
	34.21

	
	
	
	Mean
	39.95
	37.75
	27.40
	28.87
	10.31
	12.05

	
	
	Delay CDF

[ms]
	5%
	54.91
	52.63
	58.46
	55.91
	135.54
	115.70

	
	
	
	50%
	112.26
	115.73
	188.12
	173.56
	637.25
	461.79

	
	
	
	95%
	450.72
	521.86
	1012.3
	808.39
	3426.3
	2366.5

	
	
	
	Mean
	163.56
	179.96
	310.08
	272.46
	1055.3
	783.61

	
	
	𝜌
	0.99
	0.98
	0.95
	0.95
	0.9
	0.88

	
	
	BO
	13%
	15%
	39%
	37%
	63%
	65%

	
	
	𝜆
	0.45
	0.45
	0.6
	0.6
	0.85
	0.85

	
	Additional comments

1) 
	2) Indoor scenario

3) unlicensed band only

4) single channel 

5) DL only

6) 10 UEs per operator

7) For LAA: 256-QAM applied (Rel. 12 TBS table)

8) 1x2 antenna configuration (1 spatial stream) 

9) For LAA: HARQ processed only in licensed band

10) -62dBm
11) 43us initial defer period used for LAA at all times

12) q=10 (4.0625ms)

13) synchronized
14) no inter-RAT technology detection

15) no significant deviation from evaluation methodology and assumptions

16) R1-152102


Table 2b: LAA vs LAA, Indoor Y=1, TXOP=4ms
	Tdoc /

Company
	LAA LBT cat.
	Reported parameters
	Low load

BO range: 10%~25%
	Medium load

BO range: 35%~50%
	High load

BO range:

above 55%

	
	
	
	LAA opt. 1
	LAA opt. 2
	LAA opt. 1
	LAA opt. 2
	LAA opt. 1
	LAA opt. 2

	150812/

ETRI
	2
	UPT CDF

[Mbps]
	5%
	7.29
	5.11
	5.03
	4.53
	1.58
	1.29

	
	
	
	50%
	33.53
	31.33
	30.50
	19.54
	11.34
	16.84

	
	
	
	95%
	61.71
	61.67
	61.94
	59.13
	64.09
	61.59

	
	
	
	Mean
	34.99
	33.77
	34.43
	25.98
	20.07
	26.18

	
	
	Delay CDF

[ms]
	5%
	64.14
	64.17
	63.79
	66.97
	61.5
	64.27

	
	
	
	50%
	115.92
	124.77
	129.80
	200.18
	342.49
	223.7

	
	
	
	95%
	538.09
	746.18
	753.25
	858.6
	2437.8
	2917.0

	
	
	
	Mean
	194.41
	216.99
	227.68
	290.16
	680.43
	611.83

	
	
	𝜌
	0.98
	0.95
	0.9
	0.92
	0.85
	0.83

	
	
	BO
	20.6%
	24.8%
	30.83%
	41.71
	63.67%
	60.67%

	
	
	𝜆
	0.45
	0.45
	0.6
	0.6
	0.85
	0.85

	
	Additional comments


	1) Indoor scenario

2) unlicensed band only

3) single channel 

4) DL only

5) 10 UEs per operator

6) For LAA: 256-QAM applied (Rel. 12 TBS table)

7) 1x2 antenna configuration (1 spatial stream) 

8) For LAA: HARQ processed only in licensed band

9) -62dBm
10) 43us initial defer period used for LAA at all times

11) q=10 (4.0625ms)

12) synchronized
13) no inter-RAT technology detection

14) no significant deviation from evaluation methodology and assumptions

15) No modification to FBE defined in [3] (a FBE period for a frame is defined as 5ms)


3
Modified LBT category 3 based channel access mechanism

The basic concept of the proposed LBT cat. 3 based channel access mechanism for LAA is described in [4].  However, some modifications are applied compared to the original version.  Considering the limited maximum continuous transmission time, the start of data portion transmission can be initated at slot boundaries.  The time gap between channel idle state to the beginning of data transmission is filled with mixture of variable-length preamble [5] and fine time synchronization field (FTSF) [6], as shown in Fig. 1.  The FTSF is aliged with PCell subframe (or slot) boundary, starting from the beginning of a LTE subframe.  Depending on the acquired channel reservation status, the variable-length preamble as a reservation signal is transmitted until PDSCH data transmission occurs.  Note that FTSF can be place in the middle of variable-length preamble.
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Figure 1. Example of LAA Scell data transmission initiated at LTE subframe boundary
As mentioned in [5], initial defer period is alwayed applied as a proposed LBT process since the proabability of Scell with the same operator with LBT cat. 3 can lower the probability of collisions among LAA transmitting nodes as well as provide fairness among them.
Note that since the inial data can be transmitted in slot boundary timing,  the whole sequential procedural set of LBT followed by a reservation signal (variable-length preamble + FTSF) can be alighed with slot boundary of PCell, as shown in Fig. 2.
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 Figure 2. Example of LAA Scell data transmission initiated at LTE slot boundary
Previously, a minimum length [5] of variable-length preamble for channel reservation purpose was proposed.  However, this could potentially reduce the probability of acquiring the shared channel due to defering action when LBT is performed near the Pcell subframe boundary timing.  Therefore, the concept of minimum length preamble for channel reservation purpose is elimited in this contribution.  New modified method of transmitting variable-length preamble is illustrated in Fig. 3.  
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 Figure 3. Example of LAA Scell data transmission initiated at Pcell subframe boundary with no variable-length preamble transmitted for channel reservation purpose
The benefit of eliminating minimum length restriction for variable-length preamble is that the carrier sensing procedure can now be initiated at any possible time regardless of Pcell subframe (or slot) boundary timing.
4
Discussion / conclusion

In this contribution, we presented the additional information regarding DL evaluation results.  Corresponding performance of modified LBE cat. 3 based LBT scheme is explained in this contribution as well.
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