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1. Introduction
In previous RAN1 meetings, many agreements were made on detailed coexistence evaluation assumptions for LAA [1, 2]. In RAN1 #80 meeting, an additional optional simulation scenario for DL-only LAA was agreed as the following [3]:

· Include an additional optional simulation scenario with Y=1 (single channel scenario) with the following assumptions

· Non replaced WiFi network has both DL and UL traffic 

· WiFi network, which is replaced by LAA, has only DL FTP traffic

· Assume 20UEs per operator

· For all other parameters, use the existing DL + UL simulation assumptions whenever applicable

· For traffic load and split (Overall offered load is the same for both the coexisting networks) at least the following case should be simulated:

· Traffic load on DL-only Wi-Fi and LAA networks is 25% greater than that of the DL nodes in the DL+UL non-replaced Wi-Fi network 

· DL to UL ratio is 80% to 20% for this scenario

In this contribution, we present the coexistence evaluation results for the LAA solution without UL transmissions for an indoor scenario when the non-replaced WiFi network supports both UL and DL traffic while the replaced WiFi network and LAA support only DL traffic.  

2. Evaluated scenarios and assumptions 
Multiple typical LAA deployment scenarios are identified and agreed for evaluation in [4]. In this contribution, we evaluated an indoor deployment scenario according to [4]. In this contribution, the following two steps are evaluated to investigate the impact of LAA deployment toward WiFi deployment:

1. two operators of WiFi deployment;

2. one operator of LAA deployment coexist with another operator of WiFi deployment.
For each WiFi AP in both step 1 and 2, CCA-CS threshold and CCA-ED threshold are used respectively for intra-RAT and inter-RAT channel sensing.  For LAA eNB in step 2, CCA-ED threshold is used as the LBT threshold. 

For a fair comparison, WiFi AP and STA placement is using the same parameters and layout of LTE small cell and UE placement. In each case, different operators’ sites are chosen independently (i.e. without network planning) but they are maintained during the evaluation of the above two cases for a fair comparison. 
We followed almost all assumptions and parameters in [4]. Detailed simulation parameters are listed in Appendix where parameters different from [4] are highlighted.   
3. Evaluation results 
As performance metric, we use 5%, 50%, and 95%-ile of the user throughput where statistics is collected from all UEs or STAs in a system. In step 2, for LAA system, only the unlicensed band is utilized for transmission. 
An LBT function is implemented and simulated for LAA eNB where a fixed 34 us channel sensing time is allocated at the beginning of a subframe. The LAA eNB has to sense the channel at the beginning of a subframe where it wants to transmit data. If the channel is sensed to be clear then the LAA eNB can transmit up to 4 subframes (including the one with CCA) [5]. Otherwise, similar to WiFi system, the LAA eNB will backoff for a random time within the range of [0, 100] us before next channel sensing. Note that all possible CCA window(s) are limited within PDCCH region. If no more CCA window in this subframe, then the LAA eNB will start this process at the next subframe. According to the agreed categorization [3], this LBT scheme is of category 3.

The results presented in Table 1 correspond to an 80/20 split between DL and UL traffic in the non-replaced WiFi network while the results available in Table 2 correspond to a 50/50 split between DL and UL traffic in the non-replaced WiFi network.  

Table 1: Coexistence evaluation Results for indoor deployment for UL+DL WiFi with DL-only LAA and WiFi with FTP traffic (80% DL traffic and 20% UL traffic)
	Reported parameters
	Low load

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

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

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

	
	Wi-Fi Opt.1 in

step 1
	Wi-Fi Opt.2 in

step 1
	Wi-Fi Opt. 1 in

step 2
	LAA Opt.2

in

step 2
	Wi-Fi Opt.1 in

step 1
	Wi-Fi Opt.2 in

step 1
	Wi-Fi Opt. 1 in

step 2
	LAA Opt.2

in

step 2
	Wi-Fi Opt.1 in

step 1
	Wi-Fi Opt.2 in

step 1
	Wi-Fi Opt. 1 in

step 2
	LAA Opt.2

in

step 2

	DL:

UPT CDF

[Mbps]
	5%
	13.0482
	11.2782
	19.9858
	37.2125
	8.0856
	9.2355
	17.2540
	43.9700
	5.7096
	4.6973
	14.4265
	14.0453

	
	50%
	20.3196
	23.3898
	29.3454
	83.4287
	16.2528
	14.3451
	25.5535
	57.7975
	10.3689
	11.2790
	20.5943
	38.0101

	
	95%
	28.8814
	28.3142
	35.9396
	97.7148
	24.1752
	20.1540
	29.6958
	78.7608
	15.3015
	16.0212
	24.3543
	51.5844

	
	Mean
	21.1200
	22.6895
	28.9735
	75.6210
	16.6345
	14.5687
	25.0406
	62.6796
	10.6245
	11.8576
	20.5110
	38.0310

	DL:

Delay CDF

[s]
	5%
	0.0795
	0.0791
	0.0788
	0.0320
	0.0984
	0.0916
	0.0788
	0.0320
	0.1302
	0.1107
	0.0798
	0.0320

	
	50%
	0.2066
	0.2113
	0.1460
	0.0500
	0.2781
	0.3376
	0.1824
	0.0680
	0.4525
	0.4192
	0.2230
	0.1530

	
	95%
	0.9308
	0.9304
	0.4048
	0.3090
	0.8292
	1.2313
	0.5720
	0.4660
	1.2904
	1.4282
	1.0270
	1.4880

	
	Mean
	0.3028
	0.2911
	0.1823
	0.1024
	0.3556
	0.4878
	0.2355
	0.1353
	0.5426
	0.5672
	0.3267
	0.3770

	UL:

UPT CDF

[Mbps]
	5%
	6.5492
	N/A
	12.9523
	N/A
	7.4413
	N/A
	8.1574
	N/A
	5.1512
	N/A
	4.5338
	N/A

	
	50%
	19.0731
	N/A
	29.2793
	N/A
	13.3041
	N/A
	30.2069
	N/A
	10.4890
	N/A
	23.5922
	N/A

	
	95%
	36.1878
	N/A
	42.1584
	N/A
	20.4733
	N/A
	43.2191
	N/A
	15.3704
	N/A
	40.8242
	N/A

	
	Mean
	19.9586
	N/A
	29.5821
	N/A
	13.9161
	N/A
	29.5019
	N/A
	10.3476
	N/A
	23.4017
	N/A

	UL:

Delay CDF

[s]
	5%
	0.0785
	N/A
	0.0789
	N/A
	0.0936
	N/A
	0.0786
	N/A
	0.1663
	N/A
	0.0795
	N/A

	
	50%
	0.1820
	N/A
	0.1296
	N/A
	0.3091
	N/A
	0.1301
	N/A
	0.3870
	N/A
	0.1783
	N/A

	
	95%
	0.4291
	N/A
	0.2821
	N/A
	0.5921
	N/A
	0.2957
	N/A
	0.7393
	N/A
	0.7497
	N/A

	
	Mean
	0.2371
	N/A
	0.1547
	N/A
	0.3592
	N/A
	0.1684
	N/A
	0.4492
	N/A
	0.2788
	N/A

	𝜌DL (%)
	100
	100
	100
	100
	100
	99.2366
	99.0050
	100
	94.2179
	96.3768
	98.8000
	99.7033

	𝜌UL (%)
	100
	N/A
	98
	N/A
	100
	N/A
	100
	N/A
	100
	N/A
	100
	N/A

	BO (%)
	25.4736
	24.6379
	19.5916
	12.0474
	38.7898
	43.5008
	25.1528
	19.7718
	53.1106
	54.1974
	39.7220
	38.4996

	𝜆
	0.30
	0.38
	0.46

	Company/tdoc: ZTE/R1-151811
LBT category: 3
Additional information: No 256QAM, no LDPC code, 24 dBm TX power for both LAA eNB and WiFi AP, no licensed carrier for LAA, LAA max. duration =4 ms, RTS/CTS enabled for WiFi
80% DL traffic and 20% UL traffic for non-replaced WiFi network 
Sensing threshold: CCA-CS  -82 dBm for WiFi; CCA-ED  -62 dBm for both WiFi and LAA.
No defer period.
34 us CCA slot for LBT category 3

Asynchronous between different LAA operators

No inter- or intra-RAT detection assumed for LAA. WiFi use CCA-CS and CCA-ED for intra- and inter-RAT detection.
The same Tdoc R1-151811 describing LBT schemes of category 3.


Table 2: Coexistence evaluation Results for indoor deployment for UL+DL WiFi with DL-only LAA and WiFi with FTP traffic (50% DL traffic and 50% UL traffic)

	Reported parameters
	Low load

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

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

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

	
	Wi-Fi Opt.1 in

step 1
	Wi-Fi Opt.2 in

step 1
	Wi-Fi Opt. 1 in

step 2
	LAA Opt.2

in

step 2
	Wi-Fi Opt.1 in

step 1
	Wi-Fi Opt.2 in

step 1
	Wi-Fi Opt. 1 in

step 2
	LAA Opt.2

in

step 2
	Wi-Fi Opt.1 in

step 1
	Wi-Fi Opt.2 in

step 1
	Wi-Fi Opt. 1 in

step 2
	LAA Opt.2

in

step 2

	DL:

UPT CDF

[Mbps]
	5%
	13.3483
	16.2979
	19.4546
	41.3362
	6.5819
	9.6045
	18.8846
	43.8825
	7.7586
	4.4231
	12.6022
	31.0524

	
	50%
	22.6543
	22.5957
	28.9901
	70.5453
	17.4674
	13.4121
	27.9200
	59.4746
	10.9936
	7.9957
	20.6886
	45.3926

	
	95%
	34.6418
	25.2130
	37.8840
	93.3493
	21.5200
	20.4725
	38.3206
	74.4538
	14.3120
	10.3345
	30.1762
	59.6960

	
	Mean
	24.2561
	21.8899
	29.9991
	73.6779
	16.5256
	14.9213
	29.0241
	60.1024
	11.1699
	8.1513
	21.7746
	47.4004

	DL:

Delay CDF

[s]
	5%
	0.0790
	0.0791
	0.0787
	0.0320
	0.0797
	0.0802
	0.0788
	0.0320
	0.1417
	0.1859
	0.0791
	0.0320

	
	50%
	0.2108
	0.2220
	0.1438
	0.0540
	0.3077
	0.3205
	0.1581
	0.0770
	0.4054
	0.6915
	0.2221
	0.1140

	
	95%
	0.3876
	0.6564
	0.3282
	0.2770
	0.8358
	1.3044
	0.4390
	0.4020
	1.3039
	2.2976
	0.6027
	0.9010

	
	Mean
	0.2133
	0.2631
	0.1707
	0.0915
	0.3605
	0.4560
	0.1895
	0.1332
	0.5499
	0.8169
	0.2709
	0.2177

	UL:

UPT CDF

[Mbps]
	5%
	8.0598
	N/A
	20.5143
	N/A
	7.2842
	N/A
	16.8275
	N/A
	8.4150
	N/A
	9.0366
	N/A

	
	50%
	25.3479
	N/A
	31.6326
	N/A
	15.2607
	N/A
	24.1172
	N/A
	11.1150
	N/A
	22.1148
	N/A

	
	95%
	34.4356
	N/A
	42.7428
	N/A
	23.1409
	N/A
	37.3575
	N/A
	15.5709
	N/A
	34.0814
	N/A

	
	Mean
	24.5824
	N/A
	32.7174
	N/A
	15.3688
	N/A
	27.6952
	N/A
	11.3639
	N/A
	22.8044
	N/A

	UL:

Delay CDF

[s]
	5%
	0.0783
	N/A
	0.0785
	N/A
	0.1026
	N/A
	0.0789
	N/A
	0.1558
	N/A
	0.0792
	N/A

	
	50%
	0.2059
	N/A
	0.1191
	N/A
	0.2964
	N/A
	0.1536
	N/A
	0.4208
	N/A
	0.1970
	N/A

	
	95%
	0.4148
	N/A
	0.3109
	N/A
	0.7684
	N/A
	0.4672
	N/A
	0.9465
	N/A
	0.8889
	N/A

	
	Mean
	0.2205
	N/A
	0.1485
	N/A
	0.3631
	N/A
	0.1940
	N/A
	0.4762
	N/A
	0.3305
	N/A

	𝜌DL (%)
	100
	100
	99.1304
	100
	100
	97.5410
	100
	100
	99.3750
	98.1132
	100
	100

	𝜌UL (%)
	99.0991
	N/A
	100
	N/A
	98
	N/A
	98.5075
	N/A
	98.9247
	N/A
	100
	N/A

	BO (%)
	25.0935
	25.1204
	18.8753
	11.5704
	43.9732
	40.3814
	25.1822
	18.1302
	58.0094
	62.4319
	42.8020
	30.5751

	𝜆
	0.30
	0.38
	0.46

	Company/tdoc: ZTE/R1-151811
LBT category: 3
Additional information: No 256QAM, no LDPC code, 24 dBm TX power for both LAA eNB and WiFi AP, no licensed carrier for LAA, LAA max. duration =4 ms, RTS/CTS enabled for WiFi
50% DL traffic and 50% UL traffic for non-replaced WiFi network 

Sensing threshold: CCA-CS  -82 dBm for WiFi; CCA-ED  -62 dBm for both WiFi and LAA.
No defer period.
34 us CCA slot for LBT category 3

Asynchronous between different LAA operators

No inter- or intra-RAT detection assumed for LAA. WiFi use CCA-CS and CCA-ED for intra- and inter-RAT detection.
The same Tdoc R1-151811 describing LBT schemes of category 3.


The results presented here provide an overview on the coexistence of DL-only LAA with a WiFi network that carries both DL and UL traffic. With these results we have the following observations.
· The system performance results clearly show that not only does DL-only LAA coexists in a fair manner with WiFi but also boosts WiFi performance as compared to the case where two WiFi networks coexist with each other. Take the average UE UPT for example, for different load scenarios, a relative gain ranged from 20% to 100% is observed for both DL UPT and UL UPT when the non-replaced WiFi network coexist with an LAA network compared to the case where two WiFi networks coexist with each other.
· The non-replaced WiFi network with both DL and UL traffic has higher served traffic when the offered load is the same as the other WiFi network with DL-only traffic.

· The performance of the replaced WiFi network increasingly degraded as the traffic split shifts towards more UL traffic in the non-replaced WiFi network with both DL and UL traffic.
In general, we observe that LAA system (with suitable co-existence mechanisms such as LBT function) does not impact WiFi services more than an additional Wi-Fi network on the same carrier. In fact, even for the worst coexistence scenario where LAA and WiFi fully compete for the unlicensed band, some performance improvements were observed when LAA coexist with WiFi than two WiFi network coexistence case.

4. Conclusion
In this contribution, we have presented DL-only LAA for indoor deployments when the WiFi network supports both UL and DL traffic. We have also provided simulation results for different DL and UL traffic split in the UL+DL WiFi network. Based on these results, we have the following observations.
· The system performance results clearly show that not only does DL-only LAA coexists in a fair manner with WiFi but also boosts WiFi performance as compared to the case where two WiFi networks coexist with each other.
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Appendix
Table A.1
Indoor scenario for LAA coexistence evaluations

	
	Licensed cell
	Unlicensed cell

	Layout for nodes
	For DL-only coexistence evaluations:

Two operators deploy 4 small cells each in the single-floor building. 

The small cells of each operator are equally spaced and centered along the shorter dimension of the building. The distance between two closest nodes from two operators is random. The set of small cells for both operators is centered along the longer dimension of the building.


[image: image1]


	System bandwidth per carrier
	10MHz
	20MHz

	Carrier frequency 
	3.5GHz
	5.0GHz

	Number of carriers
	2 (one for each operator)
	1 

	Total BS TX power
	24dBm (Ptotal per carrier)
	24 dBm

	Total UE TX power 
	Total UE TX power: 23dBm across aggregated cells

Max total UE TX power per cell in licensed spectrum: 23dBm

Max total UE TX power across aggregated cells in unlicensed spectrum: 18 dBm 

	Distance-dependent path loss
	Small cell-to-Small cell, Small cell-to-UE: ITU InH [referring to Table B.1.2.1-1 in TR36.814]
Indoor UE-to-indoor UE: 3GPP TR 36.843 (D2D). 
(3D distance between an eNB and a UE is applied. Working assumption is that 3D distance is also used for LOS probability and break point distance)

	Penetration
	0dB

	Shadowing
	ITU InH [referring to Table A.2.1.1.5-1 in TR36.814]

Working assumption is that 3D distance is used for shadowing correlation distance

	Antenna pattern
	2D Omni-directional is baseline; directional antenna is not precluded

	Antenna Height: 
	6m 

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	5dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU InH

	Number of clusters/buildings per macro cell geographical area
	N/A

	Number of small cells per cluster
	N/A

	Number of small cells per Macro cell
	N/A

	Number of UEs 
	20 UEs per unlicensed band carrier per operator for DL-only LAA coexistence evaluations

	UE dropping per network
	All UEs should be randomly dropped and be within coverage of the small cell in the unlicensed band.

	Radius for small cell dropping in a cluster
	N/A

	Radius for UE dropping in a cluster
	N/A

	Minimum distance (2D distance)
	3m

	Traffic model
	FTP Model 3: Based on FTP model 2 as in TR 36.814 with the exception that packets for the same UE arrive according to a Poisson process and the transmission time of a packet is counted from the time instance it arrives in the queue.

FTP model file size: 0.5 Mbytes.

	UE receiver
	MMSE-IRC as baseline

	UE noise figure
	9dB

	UE speed
	3km/h

	Cell selection criteria
	For LAA UEs, cell selection is based on RSRP in the unlicensed band. 

For WiFi STAs, cell selection is based on RSS (Received signal power strength) of WiFi APs. RSS threshold is -82 dBm.

	UE Bandwidth
	UE bandwidth for LAA: 10 MHz licensed + 20 MHz unlicensed 
UE bandwidth for Wi-Fi: 20 MHz unlicensed

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

Asynchronous between different operators.

	Performance metrics
	· User perceived throughput (UPT)

· File throughput is calculated per file

· Unfinished files should be incorporated in the UPT calculation. 

· The number of served bits (possibly zero) of an unfinished file by the end of the simulation is divided by the served time (simulation end time – file arrival time).

· User throughput is the average of all its file throughputs

· Latency (From packet arrival in devices (eNB, AP, UE, STA) MAC buffer to successful transmission (including retransmission) of packet)

· Latency CDF


Table A.2 Wi-Fi system evaluation assumptions
	Parameter
	value

	MCS
	802.11n MCS

	Antenna configuration


	2Tx2Rx

	MIMO
	STBC

	TX Power
	24dBm, same as LAA

	Frame aggregation
	A-MPDU, 10 frames aggregation

	MPDU
	Fixed 1500B MPDU size

	TXOP
	Not enabled

	MAC
	Coordination
	EDCA

	
	SIFS, DIFS
	SIFS, DIFS

	
	Detection
	Energy detection

	
	RTS/CTS
	Enabled

	
	Contention window
	Min : 16 slot, Max : 64 slot

	CCA-CS
	-82dBm

	CCA-ED
	-62dBm

	ACK Modeled
	Yes

	DL/UL Duplexing
	DL only

	Rate control
	Proprietary algorithm


Table A.3 LAA system assumptions
	Parameters
	Value

	PCI planning for each NW
	Planned 

	Antenna configuration

	2Tx2Rx in DL, Cross-polarized

	Transmission schemes
	TM10, QPSK/16QAM/64QAM

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

	Scheduling
	Proportional fair

	Link adaptation
	Realistic

	CCA-ED
	-62dBm
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