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1. Introduction
RAN1 initiated the study item phase for Licensed-Assisted Access (LAA) [1] in RAN1#78bis. In RAN1#79 [2], some details of evaluation methodologies were agreed. According to section 8.1 in TR 36.889 [3], the following evaluation methodology is followed in the WiFi + LAA coexistence case.
In the Wi-Fi-LAA coexistence case, the following evaluation methodology is followed.
· For each UE and eNB/AP drop
· 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.

A comparison of the performance metrics between the two steps for the Wi-Fi network that was not replaced with LAA can be used to evaluate coexistence between LAA and Wi-Fi in an unlicensed band. 

In this contribution we provide simulation results of coexistence between LAA and WiFi for downlink.
2. Coexistence evaluation
We evaluated the UPT performances by system level simulation in indoor scenarios according to the evaluation methodologies agreed in RAN1#79 [2]. Note that the detailed simulation assumptions are listed in the Annex. In our assumption, operator A operates WiFi APs in both steps, and operator B replaces WiFi APs in step 1 with LAA eNBs in step 2.
In our evaluation, we study two different listen-before-talk (LBT) algorithms that are applied to LAA eNBs as follows:
LBT scheme 1:
In the LBT scheme 1, the same CCA algorithm as WiFi CCA is applied to each LAA eNB for fair coexistence in the same access channel. Specifically, as each WiFi AP monitors DIFS and waits until back-off counter = 0, each LAA eNB monitors the same time as DIFS and waits until its own back-off counter = 0 for collision avoidance. The back-off mechanism is also totally same as WiFi (i.e., the same slot size and CW determination algorithm are applied to each LAA eNB). During the CCA time, if the LAA eNB doesn’t detect any transmission from other eNBs/APs/UEs, the LAA eNB gets a chance of burst transmission and can start to transmit PDSCH for a duration not exceeding maximum burst transmission length. After burst transmission is finished, if the LAA eNB still has DL buffer, the LAA eNB performs CCA again to assess whether or not the channel is idle to ensure fairness with WiFi. If the LAA eNB detects a transmission during the CCA, the LAA eNB waits until the channel becomes idle in the same manner as WiFi.


Figure 1: Mechanism of LBT scheme 1 for LAA

LBT scheme 2:
In LBT scheme 2, we assume each LAA eNB starts CCA at a fixed time instant, and the CCA duration is also fixed. In this scheme, the LAA eNB performs CCA in the first several OFDM symbols. If the LAA eNB judges the channel to be idle, the LAA eNB can start a burst transmission. Here, as we mentioned in the LBT scheme 1, channel occupancy time should not exceed the maximum burst transmission length. After that the LAA eNB detects any signal in the channel, the LAA eNB retries CCA in the first several OFDM symbols of the next subframe if the LAA eNB has still DL buffer. In our simulation, the maximum burst transmission time is 4 ms so that 4 continuous subframes can be used to transmit PDSCH. The LAA eNB performs CCA in the first three OFDM symbols to guarantee idle period of at least 5% of the actual occupancy time.


Figure 2: Mechanism of LBT scheme 2 for LAA

According to the agreed simulation assumption [3], the UE bandwidth for LAA is 10 MHz in the licensed band and 20 MHz in the unlicensed band. We evaluated only unlicensed band case in addition to the CA case for LAA. We assume the following two cases regarding the UE bandwidth for LAA.
· Case 1: 20 MHz in the unlicensed band for LAA
For LAA the licensed band is not included in the evaluation. Therefore LAA UE bandwidth and WiFi UE bandwidth are the same.
· Case 2: 10 MHz in the licensed band and 20 MHz in the unlicensed band for LAA
For LAA the licensed band is included in the evaluation. LAA UE bandwidth is 10 MHz licensed + 20 MHz unlicensed while WiFi UE bandwidth is 20 MHz unlicensed. LAA eNB can use 10 MHz licensed band in addition to 20 MHz unlicensed band for data transmission. To maintain the same served traffic per bandwidth between WiFi APs and LAA eNBs, the served traffic of LAA eNB in this case is 1.5 times that of WiFi AP.
We evaluate UPT in a range of arrival rates from 0.4 to 0.9. The arrival rate  is defined per UE and per 20 MHz bandwidth. 
Case 1: 20 MHz in the unlicensed band for LAA
Figure 3 and figure 4 show the simulation results of average and 5%ile UPT. In these figures, the blue line shows the UPT of WiFi in WiFi + WiFi coexistence case, the red lines show the UPT in WiFi + LAA coexistence case where the LAA eNBs applies LBT scheme 1, and the green lines show the UPT in WiFi + LAA coexistence case where the LAA eNBs applies LBT scheme 2. In the WiFi + LAA coexistence case, solid lines show the UPT of WiFi UEs and dotted lines show the UPT of LAA UEs.
UPT performances of WiFi UEs are degraded sharply when the arrival rate is getting higher because of retransmissions and extension of back-off time due to excessive collisions with other nodes. These lead to longer periods of idle channel and large packet delays. On the other hand, even if LAA doesn’t use the licensed band for data transmission, UPT of WiFi in the WiFi + LAA coexistence case is higher than that of WiFi in the WiFi + WiFi coexistence case. LAA yields higher UPT than WiFi in WiFi + WiFi coexistence case in all traffic conditions, because LAA can transmit with higher spectral efficiency than WiFi. Therefore, the data packet in LAA eNB can be finished quickly compared with WiFi. Thus, the interference to WiFi is reduced and WiFi APs have more chances to access the unlicensed band. 
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Figure 3: Average and 5%ile UPT in WiFi + WiFi coexistence and WiFi + LAA with LBT scheme 1 coexistence in case 1.
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Figure 4: Average and 5%ile UPT in WiFi + WiFi coexistence and WiFi + LAA with LBT scheme 2 coexistence in case 1.

Table 1 and table 2 show the simulation results classified into low, middle and high traffic conditions according to buffer occupancy (BO) [4]. The results of WiFi + LAA with LBT scheme 1 case show 10.0% improvement in the average UPT of WiFi and 22.9% improvement in the 5%ile UPT of WiFi; and the results of WiFi + LAA with LBT scheme 2 case show 35.4% improvement in the average UPT of WiFi; and 76.6% improvement in the 5%ile UPT of WiFi compared to the WiFi + WiFi coexistence case with low traffic. Moreover, the results of WiFi + LAA with LBT scheme 1 case show 153% improvement in the average UPT of WiFi and 880% improvement in the 5%ile UPT of WiFi; and the results of WiFi + LAA with LBT scheme 2 case show 332% improvement in the average UPT of WiFi and 5180% improvement in the 5%ile UPT of WiFi compared to the WiFi + WiFi coexistence case with high traffic. Especially in high traffic condition, LAA shows good performance, because the physical layer of LTE is designed to be robust against interference. The UPT of WiFi coexisting with LAA improves as the UPT of LAA increases.
Table 1: Average UPT in case 1
	Traffic condition
	BO in WiFi + WiFi [%]
	WiFi + WiFi
	WiFi + LAA with LBT scheme 1
	WiFi + LAA with LBT scheme 2

	
	
	
	WiFi
	LAA
	WiFi
	LAA

	
	
	UPT [Mbps]
	UPT [Mbps]
	Gain [%]
	UPT [Mbps]
	UPT [Mbps]
	Gain [%]
	UPT [Mbps]

	Low
	18.9% ()
	33.2
	36.6
	10.0
	48.1
	45.0
	35.4
	46.0

	Middle
	37.9% ()
	20.2
	28.9
	43.0
	41.4
	40.4
	100
	39.8

	High
	62.9% ()
	7.94
	20.0
	153
	32.6
	34.3
	332
	31.2



Table 2: 5%ile UPT in case 1
	Traffic condition
	BO in WiFi + WiFi [%]
	WiFi + WiFi
	WiFi + LAA with LBT scheme 1
	WiFi + LAA with LBT scheme 2

	
	
	
	WiFi
	LAA
	WiFi
	LAA

	
	
	UPT [Mbps]
	UPT [Mbps]
	Gain [%]
	UPT [Mbps]
	UPT [Mbps]
	Gain [%]
	UPT [Mbps]

	Low
	18.9% ()
	13.2
	16.2
	22.9
	27.8
	23.3
	76.6
	23.7

	Middle
	37.9% ()
	1.24
	7.14
	477
	19.0
	16.4
	1220
	16.4

	High
	62.9% ()
	0.169
	1.66
	880
	9.47
	8.92
	5180
	4.60



Case 2: 10 MHz in the licensed band and 20 MHz in the unlicensed band for LAA
Figure 5 and figure 6 show the simulation results in terms of average and 5%ile UPT. In these figures, the blue line shows the UPT in WiFi + WiFi coexistence case, the yellow lines show the UPT in WiFi + LAA coexistence case where the LAA eNBs applies LBT scheme 1 and use the licensed band for data transmission, and the yellow-green lines show the UPT in WiFi + LAA coexistence case where the LAA eNBs applies LBT scheme 2 and use the licensed band for data transmission. In the WiFi + LAA coexistence case, solid lines show the UPT of WiFi UEs and dotted lines show the UPT of LAA UEs.
Because data can be transmitted in the licensed band when LAA eNB backs off due to the unlicensed band being busy, the transmission time of LAA eNB in unlicensed band can be further reduced. As a result, the impact of LAA on WiFi is smaller than the impact of WiFi on WiFi.
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Figure 5: Average and 5%ile UPT in WiFi + WiFi coexistence and WiFi + LAA with LBT scheme 1 coexistence in case 2.
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Figure 6: Average and 5%ile UPT in WiFi + WiFi coexistence and WiFi + LAA with LBT scheme 2 coexistence in case 2.

Table 3 and table 4 show the simulation results classified into low, middle and high traffic condition according to buffer occupancy. The results of WiFi + LAA with LBT scheme 1 case show 13.3% improvement in the average UPT of WiFi and 25.3% improvement in the 5%ile UPT of WiFi compared to the WiFi + WiFi coexistence case; and the results of WiFi + LAA with LBT scheme 2 case show 34.4% improvement in the average UPT of WiFi and 65.8% improvement in the 5%ile UPT of WiFi compared to the WiFi + WiFi coexistence case with low traffic. Moreover, the results of WiFi + LAA with LBT scheme 1 case show 232% improvement in the average UPT of WiFi and 3110% improvement in the 5%ile UPT of WiFi; and the results of WiFi + LAA with LBT scheme 2 case show 359% improvement in the average UPT of WiFi and 7340% improvement in the 5%ile UPT of WiFi compared in WiFi + WiFi coexistence case with high traffic. By transmitting data in the licensed band, LAA's packet delay is reduced and the 5%ile UPT is dramatically improved.
Table 3: Average UPT in case 2
	Traffic condition
	BO in WiFi + WiFi [%]
	WiFi + WiFi
	WiFi + LAA with LBT scheme 1
	WiFi + LAA with LBT scheme 2

	
	
	
	WiFi
	LAA
	WiFi
	LAA

	
	
	UPT [Mbps]
	UPT [Mbps]
	Gain [%]
	UPT [Mbps]
	UPT [Mbps]
	Gain [%]
	UPT [Mbps]

	Low
	18.9% ()
	33.2
	37.6
	13.3
	81.6
	44.7
	34.4
	77.5

	Middle
	37.9% ()
	20.2
	31.6
	56.5
	75.0
	40.2
	99.0
	70.7

	High
	62.9% ()
	7.94
	26.3
	232
	67.9
	36.4
	359
	63.1



Table 4: 5%ile UPT in case 2 
	Traffic condition
	BO in WiFi + WiFi [%]
	WiFi + WiFi
	WiFi + LAA with LBT scheme 1
	WiFi + LAA with LBT scheme 2

	
	
	
	WiFi
	LAA
	WiFi
	LAA

	
	
	UPT [Mbps]
	UPT [Mbps]
	Gain [%]
	UPT [Mbps]
	UPT [Mbps]
	Gain [%]
	UPT [Mbps]

	Low
	18.9% ()
	13.2
	16.5
	25.3
	61.4
	21.9
	65.8
	54.6

	Middle
	37.9% ()
	1.24
	10.8
	771
	54.1
	16.9
	1270
	46.7

	High
	62.9% ()
	0.169
	5.43
	3110
	43.9
	12.6
	7340
	37.8



These simulation results show that the impact of LAA on WiFi is small, and that LAA can coexist with WiFi.
Observation 1: The inclusion of LAA in place of a WiFi node does not cause degradation to nearby WiFi nodes.
· On the contrary, a better throughput can be observed in the WiFi nodes as well.

3. Conclusion
We provided an observation for coexistence between LAA and WiFi. 
Observation 1: The inclusion of LAA in place of a WiFi node does not cause degradation to nearby WiFi nodes.
· On the contrary, a better throughput can be observed in the WiFi nodes as well.
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Annex
A.1) Simulation assumptions
Table A1, A2, and A3 show the details of the simulation assumption.
Table A1: General evaluation assumptions
	Parameters
	Assumptions / Values

	Deployment
	Indoor scenario

	Number of nodes
	4 per operator

	Carrier frequency
	[bookmark: _GoBack]3.5 GHz for licensed band, 5 GHz for unlicensed band

	Number of carriers for unlicensed band
	Single carrier

	Transmission power
	24 dBm for licensed, 18 dBm for unlicensed

	Channel model
	ITU InH

	Antenna pattern
	2D Omni-directional

	Antenna gain + connector loss
	5 dBi

	Number of UEs
	10 UEs per operator

	Traffic model
	FTP model 3 with packet size of 0.5 Mbytes

	UE receiver
	MMSE

	UE noise figure
	9 dB

	UE speed
	3 km/h

	Cell selection
	Best RSRP/RSS-based with 0 dB handover margin

	Network synchronization
	Small cells of the same operator: synchronized and time-aligned
Small cells between different operators: unsynchronized

	Simulation step
	1 us



Table A2: WiFi system evaluation assumptions
	Parameters
	Assumptions / Values

	MCS
	802.11ac MCS table without 256 QAM

	Antenna configuration
	1Tx 2Rx

	Channel coding
	BCC

	Frame aggregation
	A-MPDU

	MPDU size
	1.5 kbytes

	Max PPDU duration
	4 ms

	MAC coordination
	Basic DCF
SIFS (16 us), DIFS (34 us)

	Slot size
	9 us

	RTS/CTS
	N/A

	Contention window
	Min: 15 slot, Max 1023 slot

	CCA-CS
	-82 dBm

	CCA-ED
	-62 dBm

	ACK modeled
	Yes
Error free reception
ACK transmission using MCS 0 (BPSK, r = 1/2)

	DL/UL duplexing
	DL traffic only

	Rate control
	Open loop
target BLER: 0.1

	OFDM symbol length
	4 us

	UE scheduler
	Round-robin with full bandwidth allocation

	File scheduler
	FIFO



Table A3: LAA system evaluation assumptions
	Parameters
	Assumptions / Values

	PCI planning
	Planned

	MCS
	QPSK/16QAM/64QAM

	Antenna configuration
	1Tx 2Rx

	Transmission schemes
	DMRS-based transmission

	Channel estimation
	Ideal

	Max burst transmission duration
	4 ms

	CSI feedback
	Ideal

	CCA-ED
	-62 dBm

	CCA time slot
	9 us for LBT scheme 1
20 us for LBT scheme 2

	Contention window (for LBT scheme 1)
	Min: 15 slot, Max 1023 slot

	Cyclic Prefix
	Normal CP

	HARQ scheme
	Chase combining
Maximum retransmission number = 4

	Overhead assumption
	PDCCH: 1 OFDM symbol
CRS: 1 port (antenna port 0)
DMRS: 1 port (antenna port 7)

	UE scheduler
	FIFO

	File scheduler
	FIFO



A.2) Buffer occupancy
Figure A1 shows the buffer occupancy in the WiFi + WiFi coexistence case. We assume that around 20/40/60% of buffer occupancy are reference values for low/middle/high traffic condition, respectively. According to figure A1, we defined = 0.5 as low traffic, = 0.6 as middle traffic, and = 0.7 as high traffic, respectively.
[image: ] 
Figure A1: Buffer occupancy in the WiFi + WiFi coexistence case

Appendix
B.1) C.D.F. of UPT
Figure B1 and figure B2 show the C.D.F. of UPT classified into low, middle and high traffic conditions. Figure B1 shows in WiFi + WiFi coexistence case and WiFi + LAA with LBT scheme 1 coexistence case. Figure B2 shows in WiFi + WiFi coexistence case and WiFi + LAA with LBT scheme 2 coexistence case.
Regardless of LBT schemes, the UPT of WiFi in WiFi + LAA coexistence case is always higher than that in WiFi + WiFi coexistence case in all traffic conditions.
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Figure B1: C.D.F. of UPT in WiFi + WiFi coexistence case and WiFi + LAA with LBT scheme 1 coexistence case.
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Figure B2: C.D.F. of UPT in WiFi + WiFi coexistence case and in WiFi + LAA with LBT scheme 2 coexistence case.

B.2) C.D.F. of latency
Figure B3 and figure B4 show the C.D.F. of latency classified into low, middle and high traffic conditions. Figure B3 shows in WiFi + WiFi coexistence case and WiFi + LAA with LBT scheme 1 coexistence case. Figure B4 shows in WiFi + WiFi coexistence case and WiFi + LAA with LBT scheme 2 coexistence case.
As is the case with UPT, the latency of WiFi in WiFi + LAA coexistence case is shorter than that in WiFi + WiFi coexistence case.
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Figure B3: C.D.F. of latency in WiFi + WiFi coexistence case and WiFi + LAA with LBT scheme 1 coexistence case.
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Figure B4: C.D.F. of latency in WiFi + WiFi coexistence case and WiFi + LAA with LBT scheme 2 coexistence case.
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1.


 


Introduction


 


RAN1 initiated 


the


 


study item phase for Licensed


-


Assisted Access (LAA)


 


[1]


 


i


n RAN1#78


bis. 


In 


RAN1#79


 


[2]


, some details of evaluation methodologies were 


agreed


. 


According to section 8.1 in TR 


36.889


 


[3], the 


following 


evaluation methodology is followed in the WiFi


 


+ 


LAA coexistence case.


 


 


In this contribution we provide 


simulation results 


of


 


coexistence between LAA and WiFi


 


for downlink


.


 


2.


 


Coexistence evaluation


 


We 


evaluated


 


the UPT performances 


by 


system level 


simulation


 


in indoor scenario


s


 


according to the 


evaluation methodologies agreed in RAN1#79


 


[2]


. 


Note that the detailed simulation assumptions are 


listed in 


the 


Annex. 


In our assumption, operator A operates WiFi AP


s


 


in both steps, and operator B 


replaces WiFi APs 


in step 1 


with LA


A eNBs


 


in step 2.


 


In our evaluation, we 


study


 


two 


different 


listen


-


before


-


talk (LBT) algorithms 


that


 


are applied to LAA 


eNBs as follows:


 


LBT scheme 1


:


 


In the 


LBT scheme 1


,


 


the same 


CCA 


algorithm as


 


WiFi


 


CCA 


is applied to


 


each 


LAA 


eNB


 


for


 


fair 


coexistence 


in the same access 


channel. Specifically, as each WiFi AP monitors DIFS and waits until 


back


-


off counter = 0, each LAA eNB monitors the same time 


as


 


DIFS and waits until 


its own 


back


-


off 


In the Wi


-


Fi


-


LAA coexistence case, the following evaluation methodology is followed.


 


•


 


For each UE and eNB/AP drop


 


–


 


Step 1: Perf


ormance 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 coe


xisting


 


with the LAA network are 


evaluated and recorded.


 


 


A comparison of the performance metrics between the two steps for the Wi


-


Fi network that was not replaced with 


LAA can be used to evaluate coexistence between LAA and Wi


-


Fi in an unlicensed band. 
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