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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, some additional simulation assumptions for DL+UL LAA were agreed as the following [3]:

Agreements:
· Updated evaluation assumptions for DL + UL scenario from DL only scenario
· Number of UEs/STAs 

· For 1 channel scenario – 20 UEs/operator

· Independent traffic generation on the DL and UL for both WiFi and LAA for FTP traffic model
· Each UE has the same UL/DL traffic arrival rate ratio
· WiFi transmission configuration

· The contention window is per EDCA

· Baseline of DL/UL traffic ratio:  50% DL traffic and 50% UL traffic should be evaluated to see the coexistence when UL heavy traffic happens
· 80% DL traffic and 20% UL traffic can be optionally evaluated

· LAA UL transmission is eNB scheduling based 
· Only scheduled UEs contend for the channel for UL transmission 
At least the case where UE performs LBT before UL transmission should be evaluated

· Bandwidth assumptions

· LAA licensed carrier has 10MHz on the DL and 10MHz on the UL

· Companies shall indicate the assumptions made regarding the following parameters

· Assumption on DL/UL multiplexing of the unlicensed carrier

· Scheduling assumptions to satisfy the bandwidth occupancy rule per UE

· Satisfying transmit PSD constraint on the UL at the UE

· CCA threshold at the UEs

· UL HARQ and retransmission model
· Modeling of control channel
· Company can provide additional delay related to buffer status report if modelled
In this contribution, we present the coexistence evaluation results for the LAA solution with both DL and UL transmissions for an indoor scenario when the non-replaced WiFi network also supports both UL and 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. Both DL and UL traffic are self scheduled by the LAA SCell. A 50/50 split between DL and UL traffic is assumed. Asynchronous HARQ is enabled for both DL and UL.  
An LBT function is implemented as the following. For LAA eNB, a fixed 34 us initial CCA 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. 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 slots are limited within PDCCH region. If no more ECCA slot 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 LAA SCell is configured to use TDD UL/DL configuration [D D D D D U U U U U]. The UL grant transmission by the eNB occurs in the unlicensed band after a successful LBT procedure at the eNB. Upon reception of the UL grant in subframe n, LAA UEs also perform LBT before carrying out their UL transmission in subframe n+4. For a scheduled LAA UE, a fixed 34 us initial CCA time is allocated at the beginning of the last OFDM symbol in subframe n+3. If the channel is sensed to be clear then the LAA UE can transmit up to 2 subframes total duration, subject per-subframe eNB scheduling. Otherwise, the LAA UE will backoff for a random time within the range of [0, 100] us before ECCA. Note that all possible ECCA slots are limited within the last OFDM symbol of subframe n+3. If no more ECCA slot in this subframe n+3, then the LAA UE will start this process at the next subframe n+4 if another UL grant received in subframe n+1.
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. 
Table 1: Coexistence evaluation Results for indoor deployment for UL+DL WiFi with UL+DL LAA with FTP 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%
	20.9909 
	24.2900
	36.767 
	41.060 
	15.818
	14.514
	27.426 
	19.141 
	6.870
	6.481
	16.308 
	4.737 

	
	50%
	39.1056 
	36.7449 
	50.582 
	59.415 
	19.456
	20.918
	40.055 
	36.761 
	9.337
	9.023
	26.760 
	15.829 

	
	95%
	46.0805 
	54.4901 
	61.839 
	78.981 
	35.252
	31.828
	47.469 
	52.040 
	13.469
	15.910
	35.145 
	28.630 

	
	Mean
	37.0662 
	37.4945 
	50.892 
	60.056 
	22.496
	22.363
	39.639 
	35.822 
	10.029
	10.315
	27.255 
	16.363 

	DL:

Delay CDF

[s]
	5%
	0.0633 
	0.0641 
	0.063 
	0.045 
	0.065
	0.065
	0.064 
	0.046 
	0.134
	0.165
	0.065 
	0.059 

	
	50%
	0.1207 
	0.1079 
	0.071 
	0.054 
	0.204
	0.201
	0.096 
	0.144 
	0.488
	0.489
	0.174 
	0.352 

	
	95%
	0.2580 
	0.2541 
	0.142 
	0.348 
	0.482
	0.705
	0.266 
	2.436 
	2.376
	1.766
	0.486 
	3.744 

	
	Mean
	0.1329 
	0.1359 
	 0.087 
	0.106 
	0.246
	0.275
	0.125 
	0.470 
	0.690
	0.636
	0.213 
	0.922 

	UL:

UPT CDF

[Mbps]
	5%
	24.9078 
	23.7316 
	35.1417
	42.1053
	20.187
	15.812
	21.356 
	13.451
	7.381
	6.829
	14.135 
	1.367 

	
	50%
	34.7983 
	37.1737 
	48.933 
	65.179 
	25.225
	23.292
	39.936 
	47.882
	11.095
	9.870
	31.392 
	5.588 

	
	95%
	52.9816 
	52.4336 
	57.458 
	80.161 
	35.856
	35.516
	58.057 
	65.822 
	15.530
	16.795
	42.720 
	20.398 

	
	Mean
	37.8253 
	39.9669 
	46.553 
	65.719 
	27.461
	23.967
	40.908 
	46.963 
	11.747
	11.130
	31.684 
	8.798 

	UL:

Delay CDF

[s]
	5%
	0.0634 
	0.0644 
	0.063 
	0.042 
	0.065
	0.068
	0.063 
	0.042 
	0.141
	0.143
	0.065 
	0.080 

	
	50%
	0.1135 
	0.1027 
	0.068 
	0.066 
	0.173
	0.209
	0.100 
	0.103 
	0.445
	0.476
	0.145 
	0.937 

	
	95%
	0.2613 
	0.2505 
	0.167 
	0.295 
	0.367
	0.514
	0.247 
	0.801 
	1.359
	1.800
	0.383 
	5.601 

	
	Mean
	0.1337 
	0.1250 
	0.091 
	0.109 
	0.201
	0.238
	0.122 
	0.230 
	0.565
	0.636
	0.176 
	1.751 

	𝜌DL (%)
	100
	100
	100
	100
	98.788
	99.398
	100
	100
	100
	99.441
	100 
	90.187 

	𝜌UL (%)
	100
	99.0196
	98.810 
	100
	98.658
	100
	100 
	99.333 
	99.539
	98.701
	100 
	65.258 

	BO (%)
	14.5724
	12.4183
	9.385
	11.289
	32.867
	31.212
	17.441
	34.434 
	64.798
	68.167
	35.120
	89.129 

	𝜆
	0.13
	0.20
	0.28

	Company/tdoc: ZTE/R1-153010
LBT category: 3
Additional information: 256QAM enabled, no LDPC code, 24 dBm TX power for both LAA eNB and WiFi AP, 18 dBm TX power for LAA UE and WiFi STA. no licensed carrier for LAA, RTS/CTS enabled for WiFi
LAA SCell is configured to use TDD UL/DL configuration [D D D D D U U U U U]
50% DL traffic and 50% UL traffic

Sensing threshold: CCA-CS  -82 dBm for WiFi; CCA-ED  -62 dBm for both WiFi and LAA.
No defer period.
34 us initial CCA slot for LBT category 3, 9 us ECCA slot
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 R1-153010 describing LBT schemes of category 3.


The results presented here provide an overview on the coexistence of DL+ UL LAA with a WiFi network that carries both DL and UL traffic. With these results we have the following observations.
· The non-replaced WiFi network has better performance in all range of traffic load when coexist with an LAA network compared to the case where two WiFi networks coexist with each other.
· When system load is high, the Wi-Fi network with both DL and UL traffic has higher served traffic than the LAA network with both DL and UL traffic when the offered loads to both networks are identical.

· As the Wi-Fi network attempts to serve more traffic, the amount of the offered UL traffic that the LAA network is able to serve drops very fast.
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+UL LAA for indoor deployments when the WiFi network supports both UL and DL traffic. Based on these results, we have the following observations.
· The system performance results clearly show that not only does 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

	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 and UL

	Rate control
	Proprietary algorithm


Table A.3 LAA system assumptions
	Parameters
	Value

	PCI planning for each NW
	Planned 

	Antenna configuration

	2Tx2Rx, Cross-polarized

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

	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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