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1 Introduction
In RAN1WI meeting of LAA with supplementary downlink only, the following agreements are achieved for UL channel access [1]

UL LBT for LAA

Agreement:
· For self-carrier scheduling, the following UL LBT candidate procedures should be considered

· A CCA duration of at least 25 us before the transmission burst

· The sensing duration in a CCA slot can be less than the CCA slot duration

· A category 4 LBT scheme with a defer period of 25 µs including a defer duration of 16 us followed by one CCA slot, and a maximum contention window size chosen from X={3, 4, 5, 6, 7},

· FFS: The random backoff counter is generated at the eNB and is signaled to the UE

· FFS: When a UL grant is subject to LBT with a new random counter, the UL transmissions scheduled by the UL grant also uses a new random counter (previous counter is discarded) irrespective of prior success/failure in accessing the channel. 

· The UL maximum contention window size should be smaller than for DL category 4 LBT

· Note that X = 7 can be revisited later after DL LBT discussions, if necessary

· FFS: Energy detection threshold used for UL LBT

Agreement:
· To avoid severe interference to on-going transmissions of other LAA networks or other technologies (e.g. Wi-Fi), LAA UE device should consider LBT before sending UL transmission burst.

· FFS: Whether and under what conditions the following option may be used.

· Transmission without LBT when an UL transmission burst on a carrier follows a DL transmission burst on that respective carrier with a gap of at most 16 µs between the two bursts

Note: Performance analysis shall demonstrate fair co-existence with Wi-Fi, when UL LBT procedure (including transmission without LBT) is used along with Rel-13 DL LBT procedure (including energy detection threshold applied at LAA eNB).

Agreement:
· For cross-carrier scheduling, when an LBT operation is performed on the SCell to send a grant on another Cell, the UL LBT procedure is the same as that for self-carrier scheduling. 

· For cross-carrier scheduling, when an LBT operation is not performed on the SCell, one or more of the following UL LBT procedures should be supported
· A CCA duration of at least 25 us before the transmission burst
· The sensing duration can be less than the CCA duration
· A category 4 LBT scheme with a defer period of 25 µs including a defer duration of 16 us followed by one CCA slot, 
· FFS: The random backoff counter is generated at the eNB and is signalled to the UE
· FFS: Whether the UL maximum contention window size can be smaller than that for DL category 4 LBT

· FFS: Whether the UL maximum contention window size should be greater than that for self-carrier scheduled UL
· FFS: Energy detection threshold used for UL LBT
In this contribution, we summarize our indoor co-existence evaluation results for UL+DL WiFi + LAA and LAA+LAA scenario with FBE mechanism.
2 Evaluation results for WiFi+LAA
In this section, the evaluation results for UL+DL WiFi+LAA are presented. In the evaluation, we provide the performance for FBE (A CCA duration of at least 25 us before the transmission burst) with different TXOP when cross-carrier scheduling is used.  Detailed evaluation assumption can be found in the appendix. 
Table I: WiFi+LAA co-existence evaluation results (LAA UL Txop = 1 ms)
	Reported parameters
	Low load 

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

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

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

	
	Wi-Fi Opt. B in step 1
	Wi-Fi Opt. B in step 2
	LAA Opt. A in    step 2
	Wi-Fi Opt. B in   step 1
	Wi-Fi Opt. B in step 2
	LAA Opt. A in    step 2
	Wi-Fi Opt. B in step 1
	Wi-Fi Opt. B in step 2
	LAA Opt. A in step 2

	DL: UPT CDF [Mbps]
	5%
	15.63
	15.83
	25.06
	8.05
	10.29
	14.08
	2.96
	7.08
	11.96

	
	50%
	38.97
	56.59
	68.59
	27.89
	31.91
	53.19
	15.88
	21.02
	32.18

	
	95%
	68.03
	67.93
	102.25
	65.10
	65.70
	102.46
	53.48
	63.61
	93.99

	
	Mean
	39.99
	49.32
	68.80
	31.42
	38.80
	58.44
	20.07
	27.03
	40.14

	DL: Delay CDF [s]
	5%
	0.06
	0.06
	0.04
	0.06
	0.06
	0.04
	0.08
	0.07
	0.04

	
	50%
	0.08
	0.07
	0.06
	0.15
	0.13
	0.08
	0.32
	0.22
	0.13

	
	95%
	0.25
	0.26
	0.16
	0.53
	0.43
	0.28
	2.27
	0.90
	0.33

	
	Mean
	0.15
	0.10
	0.07
	0.17
	0.18
	0.11
	0.62
	0.30
	0.15

	UL: UPT CDF [Mbps]
	5%
	3.57
	6.29
	14.09
	3.86
	3.21
	9.42
	3.01
	4.44
	6.79

	
	50%
	41.49
	54.11
	57.80
	32.19
	37.57
	50.88
	26.41
	38.49
	42.02

	
	95%
	60.68
	62.19
	67.39
	61.05
	60.46
	67.57
	58.00
	62.03
	64.02

	
	Mean
	43.56
	47.20
	50.84
	35.85
	40.01
	44.81
	29.35
	35.18
	39.52

	UL: Delay CDF [s]
	5%
	0.07
	0.06
	0.06
	0.07
	0.07
	0.06
	0.07
	0.06
	0.06

	
	50%
	0.07
	0.07
	0.07
	0.08
	0.09
	0.08
	0.12
	0.09
	0.09

	
	95%
	0.21
	0.13
	0.15
	0.29
	0.19
	0.33
	0.49
	0.25
	0.29

	
	Mean
	0.10
	0.09
	0.08
	0.11
	0.10
	0.11
	0.18
	0.12
	0.13

	𝜌DL
	0.96
	0.96
	0.99
	0.95
	0.95
	0.97
	0.91
	0.90
	0.94

	𝜌UL
	0.935
	0.93
	0.92
	0.85
	0.81
	0.92
	0.78
	0.68
	0.84

	BO
	0.15
	0.13
	0.10
	0.30
	0.30
	0.17
	0.68
	0.51
	0.33

	𝜆
	0.30
	0.45
	0.60

	LAA LBT category: Category 4 on DL (regular) and category 2 on UL, traffic via unlicensed only, DL/UL split: 50/50, LAA ED threshold: -62 dBm for both DL and UL, initial CCA period = defer period during eCCA = 32 us, ECCA slot = 8 us, exponential back off for DL with CW [15, 1023], LAA TXOP: up to 4 ms for DL and up to 1ms for UL, Wi-Fi TXOP: 4 ms, WiFi CW [15, 1023].


Table II: WiFi+LAA co-existence evaluation results (LAA UL Txop = 4 ms)

	Reported parameters
	Low load 

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

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

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

	
	Wi-Fi Opt. B in step 1
	Wi-Fi Opt. B in step 2
	LAA Opt. A in    step 2
	Wi-Fi Opt. B in   step 1
	Wi-Fi Opt. B in step 2
	LAA Opt. A in    step 2
	Wi-Fi Opt. B in step 1
	Wi-Fi Opt. B in step 2
	LAA Opt. A in   step 2

	DL: UPT CDF [Mbps]
	5%
	15.63
	15.73 
	25.82 
	8.05
	11.17 
	12.93 
	2.96
	3.06 
	8.48 

	
	50%
	38.97
	46.38 
	73.75 
	27.89
	32.68 
	55.87 
	15.88
	16.42 
	40.36 

	
	95%
	68.03
	67.66 
	106.16 
	65.10
	67.75 
	99.40 
	53.48
	66.67 
	99.01 

	
	Mean
	39.99
	45.53 
	68.59 
	31.42
	37.96 
	57.65 
	20.07
	23.65 
	45.72 

	DL: Delay CDF [s]
	5%
	0.06
	0.06 
	0.04 
	0.06
	0.06 
	0.04 
	0.08
	0.06 
	0.04 

	
	50%
	0.08
	0.09 
	0.05 
	0.15
	0.12 
	0.07 
	0.32
	0.24 
	0.10 

	
	95%
	0.25
	0.27 
	0.14 
	0.53
	0.42 
	0.28 
	2.27
	0.94 
	0.54 

	
	Mean
	0.15
	0.12 
	0.07 
	0.17
	0.15 
	0.10 
	0.62
	0.34 
	0.20 

	UL: UPT CDF [Mbps]
	5%
	3.57
	2.49 
	12.95 
	3.86
	3.48 
	6.13 
	3.01
	3.82 
	7.03 

	
	50%
	41.49
	52.23 
	59.10 
	32.19
	46.38 
	51.33 
	26.41
	37.82 
	48.40 

	
	95%
	60.68
	62.19 
	69.06 
	61.05
	60.75 
	69.16 
	58.00
	61.73 
	65.02 

	
	Mean
	43.56
	44.79 
	51.03 
	35.85
	40.52 
	45.26 
	29.35
	34.37 
	40.69 

	UL: Delay CDF [s]
	5%
	0.07
	0.06 
	0.06 
	0.07
	0.07 
	0.06 
	0.07
	0.06 
	0.06 

	
	50%
	0.07
	0.07 
	0.07 
	0.08
	0.08 
	0.07 
	0.12
	0.09 
	0.08 

	
	95%
	0.21
	0.20 
	0.23 
	0.29
	0.26 
	0.22 
	0.49
	0.29 
	0.26 

	
	Mean
	0.10
	0.09 
	0.09 
	0.11
	0.11 
	0.10 
	0.18
	0.14 
	0.13 

	𝜌DL
	0.96
	0.99
	0.97
	0.95
	0.93
	0.97
	0.91
	0.88
	0.92

	𝜌UL
	0.94
	0.87
	0.96
	0.85
	0.87
	0.87
	0.78
	0.65
	0.86

	BO
	0.15
	0.16
	0.09
	0.30
	0.26
	0.19
	0.68
	0.51
	0.37

	𝜆
	0.30
	0.45
	0.60

	LAA LBT category: Category 4 on DL (regular) and category 2 on UL, traffic via unlicensed only, DL/UL split: 50/50, LAA ED threshold: -62 dBm for both DL and UL, initial CCA period = defer period during eCCA = 32 us, ECCA slot = 8 us, exponential back off for DL with CW [15, 1023], LAA TXOP: up to 4 ms for both DL and UL, Wi-Fi TXOP: 4 ms, WiFi CW [15, 1023].


It can be observed that:
1) WiFi and LAA networks can coexist with FBE mechanism in terms of the performance improvement of WiFi.
2) LAA UL 4ms TXOP provides a little improvement in terms of UL average throughput and latency compared to LAA UL 1ms TXOP.
3 Evaluation results for LAA+LAA

In this section, the evaluation results for DL+UL LAA+LAA are presented. In the evaluation, we provide the performance for FBE with different TXOP when cross-carrier scheduling is used.  
Table III: LAA+LAA co-existence evaluation results (Txop = 1 ms)
	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

	DL:
UPT CDF

[Mbps]
	5%
	21.67 
	20.14 
	10.30 
	10.79 
	6.49 
	8.48 

	
	50%
	59.95 
	72.89 
	38.58 
	39.06 
	28.25 
	32.98 

	
	95%
	102.88 
	104.17 
	97.09 
	98.81 
	84.32 
	98.04 

	
	Mean
	63.49 
	66.43 
	45.59 
	46.86 
	34.16 
	42.15 

	DL:
Delay CDF

[s]
	5%
	0.04 
	0.04 
	0.04 
	0.04 
	0.05 
	0.04 

	
	50%
	0.07 
	0.06 
	0.11 
	0.11 
	0.18 
	0.15 

	
	95%
	0.22 
	0.22 
	0.50 
	0.37 
	1.09 
	1.66 

	
	Mean
	0.09 
	0.09 
	0.17 
	0.14 
	0.31 
	0.34 

	UL:
UPT CDF

[Mbps]
	5%
	13.77 
	12.68 
	5.70 
	6.03 
	7.86 
	4.68 

	
	50%
	54.29 
	53.30 
	40.52 
	38.79 
	39.31 
	32.93 

	
	95%
	67.93 
	68.49 
	66.05 
	66.40 
	64.02 
	67.02 

	
	Mean
	48.06 
	46.23 
	39.95 
	39.29 
	37.85 
	35.52 

	UL:
Delay CDF

[s]
	5%
	0.06 
	0.06 
	0.06 
	0.06 
	0.06 
	0.06 

	
	50%
	0.07 
	0.07 
	0.10 
	0.09 
	0.11 
	0.11 

	
	95%
	0.20 
	0.21 
	0.33 
	0.32 
	0.43 
	1.24 

	
	Mean
	0.10 
	0.11 
	0.14 
	0.13 
	0.16 
	0.24 

	𝜌DL
	0.98
	0.97
	0.97
	0.94
	0.94
	0.82

	𝜌UL
	0.94
	0.93
	0.87
	0.81
	0.85
	0.72

	BO
	0.14
	0.14
	0.32
	0.31
	0.49
	0.52

	𝜆
	0.40
	0.60
	0.80

	LAA LBT category: Category 4 on DL (regular) and category 2 on UL, traffic via unlicensed only, DL/UL split: 50/50, LAA ED threshold: -62 dBm for both DL and UL, initial CCA period = defer period during eCCA = 32 us, ECCA slot = 8 us, exponential back off for DL with CW [15, 1023], LAA TXOP: up to 4 ms for DL and up to 1ms for UL.


Table IV: LAA+LAA co-existence evaluation results (Txop = 4 ms)

	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

	DL:
UPT CDF

[Mbps]
	5%
	18.62 
	24.34 
	10.19 
	9.00 
	4.30 
	3.13 

	
	50%
	64.27 
	66.84 
	34.99 
	37.19 
	16.72 
	22.68 

	
	95%
	104.60 
	104.17 
	98.62 
	95.42 
	88.34 
	85.76 

	
	Mean
	64.30 
	66.48 
	43.86 
	42.74 
	28.75 
	34.12 

	DL:
Delay CDF

[s]
	5%
	0.04 
	0.04 
	0.04 
	0.04 
	0.05 
	0.05 

	
	50%
	0.06 
	0.06 
	0.13 
	0.13 
	0.29 
	0.28 

	
	95%
	0.21 
	0.16 
	0.42 
	0.47 
	1.03 
	3.57 

	
	Mean
	0.08 
	0.08 
	0.17 
	0.17 
	0.37 
	0.51 

	UL:
UPT CDF

[Mbps]
	5%
	10.27 
	11.23 
	10.22 
	10.20 
	8.13 
	7.64 

	
	50%
	59.45 
	56.56 
	55.74 
	44.84 
	48.22 
	36.36 

	
	95%
	71.53 
	70.22 
	70.52 
	69.35 
	68.68 
	69.93 

	
	Mean
	51.51 
	49.89 
	48.72 
	44.34 
	44.38 
	38.10 

	UL:
Delay CDF

[s]
	5%
	0.06 
	0.06 
	0.06 
	0.06 
	0.06 
	0.06 

	
	50%
	0.07 
	0.07 
	0.07 
	0.08 
	0.09 
	0.10 

	
	95%
	0.20 
	0.20 
	0.22 
	0.24 
	0.34 
	0.30 

	
	Mean
	0.09 
	0.09 
	0.10 
	0.10 
	0.12 
	0.13 

	𝜌DL
	0.98 
	1.00 
	0.95 
	0.96 
	0.95 
	0.87 

	𝜌UL
	0.95 
	0.92 
	0.90 
	0.81 
	0.88 
	0.80 

	BO
	0.11
	0.12
	0.34
	0.37
	0.65
	0.64

	𝜆
	0.40
	0.60
	0.80

	LAA LBT category: Category 4 on DL (regular) and category 2 on UL, traffic via unlicensed only, DL/UL split: 50/50, LAA ED threshold: -62 dBm for both DL and UL, initial CCA period = defer period during eCCA = 32 us, ECCA slot = 8 us, exponential back off for DL with CW [15, 1023], LAA TXOP: up to 4 ms for both DL and UL.


 It can be observed that:

1) Two LAA networks can coexist with FBE mechanism in terms of similar performance when the two networks are not synchronized.

2) LAA UL 4ms TXOP provides a little improvement in terms of UL average throughput and latency compared to LAA UL 1ms TXOP but provides decreasement in terms of DL average throughput and latency.
4 Conclusions
In this contribution, we provide our indoor co-existence evaluation results for DL+UL WiFi+LAA and LAA+LAA scenario. Based on our evaluation results, we have the following observations for the WiFi+LAA co-existence scenario:

1) WiFi and LAA networks can coexist with FBE mechanism in terms of the performance improvement of WiFi.
2) LAA UL 4ms TXOP provides a little improvement in terms of UL average throughput and latency compared to LAA UL 1ms TXOP.
Also, the following observations can be made for the LAA+LAA co-existence scenario:
3) Two LAA networks can coexist with FBE mechanism in terms of similar performance when the two networks are not synchronized.

4) LAA UL 4ms TXOP provides a little improvement in terms of UL average throughput and latency compared to LAA UL 1ms TXOP but provides decreasement in terms of DL average throughput and latency.
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Appendix A: Simulation assumptions
Table A-1 Baseline evaluation assumptions

	System bandwidth per carrier
	20MHz  (unlicensed carrier only)

	Carrier frequency 
	5.0GHz (unlicensed carrier only)

	Antenna pattern
	2D Omni-directional is baseline

	Number of UEs 
	10 UEs per unlicensed band carrier per operator 

	UE dropping per network
	10 UEs are randomly dropped and are within coverage of the small cell in the unlicensed band.

	Traffic model
	FTP Model 3

FTP model file size: 0.5 Mbytes.

Overall offered load is the same for both the coexisting networks

	Network synchronization
	For the same operator, the network is synchronized .

Small cells of different operators are not synchronized.


Table A-2 Additional Wi-Fi system evaluation assumptions

	Parameter
	Value

	MCS
	MCS table without 256 QAM 

	Frame aggregation

MPDU size

Max PPDU duration
	Frame aggregation is adopted for Wi-Fi simulation, with 1ms fixed PPDU duration and variable A-MPDU sizes.

TXOP is adopted in simulation in which the Wi-Fi AP can transmit data continuously without channel competition.

	MAC
	Coordination
	DCF

	
	SIFS, DIFS
	Initial CCA: 32us, CCA slot: 8us

	
	CCA-ED
	-62dBm

	
	RTS/CTS
	No RTS/CTS

	
	Contention window
	[15, 1023]

	ACK Modeled (successful reception, resources utilized)
	Yes

	Rate control
	Degrades the MCS for retransmission

	Maximum channel occupancy time
	4 ms


Table A-3 Additional LAA system evaluation assumptions

	Parameters
	Value

	PCI planning for each NW
	Planned 

	Transmission schemes
	Based on TM10, QPSK/16QAM/64QAM/256 QAM 

	Turbo code block interleaving depth
	Per LTE specs (1-14 LTE OFDM symbols dependent on MCS and PRB allocation)

	Scheduling
	Proportional fair

	UL/DL configuration
	UL subframe is allocated 4 subframes after scheduling grant.

	Link adaptation
	Realistic

	CCA-ED
	Energy detection threshold -62dBm

	Cyclic Prefix
	Normal


PAGE  

