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1 Introduction

To identify performance impact on Wi-Fi/LAA from LAA, the following evaluation methodologies for LAA DL transmission were agreed in the RAN1#80:
Agreements:
· Classify the evaluated LBT schemes according to the following categories:

· Category 1: No LBT

· Category 2: LBT without random back-off

· Category 3: LBT with random back-off with fixed size of contention window
· Category 4: LBT with random back-off with variable size of contention window

Note: Contention window is the maximum possible random back-off value
Note: Category classification does not restrict a LBT design investigation

Note: Company is encouraged to evaluate many categories as much as possible
· Illustrative examples

· FBE procedure as defined in EN BRAN V1.8.0 belongs to category 2

· LBE procedure with a fixed q for the contention window as defined in EN BRAN V1.8.0 belongs to category 3

· LBE procedure Op A with a variable q for the contention window as defined in EN BRAN V1.8.0 belongs to category 4

Agreements:
· For the case of variable contention window (Category 4 in the LBT scheme classification), companies are encouraged to evaluate options including an exponentially increasing contention window (e.g., ETSI Option A in EN BRAN V1.8.0)

· 256 QAM is mandatory for all cases

· Evaluation both with and without RTS/CTS for WiFi nodes in the Y=1 indoor scenario for DL + UL traffic 

· Evaluation with VoIP

· Companies are encouraged to simulate VoIP traffic including the Y=1 indoor scenario  in DL + UL traffic

· Capture in the TR the following statement on unmanaged WiFi

· The simulation methodology for the single carrier outdoor scenario assumes an unmanaged WiFi network.

· The simulation methodology for the four carrier outdoor scenario with random channel selection assumes an unmanaged WiFi network.

· Note: These scenarios do not include peer-to-peer communication in WiFi networks

· LDPC codes should be used in the simulations for all cases for the WiFi network

· Note that evaluations performed without the above options can also be captured in the TR


In this contribution, we provide evaluation results for LAA – LAA coexistence, based on the agreed evaluation assumptions as in Appendix. 

2 Evaluation assumptions for LAA

On top of LBT schemes in EN 301 893 v1.8.0, following assumption is used for the evaluation:

· Category 3 (based on Option B in EN 301 893 v1.8.0): 

· 10ms channel occupancy time and q=32 are used for LAA
·  CCA check is required before a burst of transmission
· The equipment shall perform an ECCA check for N ECCA observation time after CCA check (e.g. minimum sensing duration is 38μs)
· N is randomly selected in the range 1 to q every time an ECCA is required and the value is stored in a counter

· When the counter reaches zero, the equipment may transmit and select N for the next ECCA

· CCA duration: 20μs, ECCA slot duration: 18μs
· Category 4 (based on Option A in EN 301 893 v1.8.0)

· 4ms channel occupancy time and q=16 for initial ECCA are used for LAA

· CCA check is required before a burst of transmission

· The equipment shall perform an ECCA check for N ECCA observation time after CCA check (e.g. minimum sensing duration is 38μs)
· N is randomly selected in the range 1 to q every time an ECCA is required

· q is doubled if it is failed to find N unoccupied slots within q observation slots, and N is randomly selected again in the range 1 to q for the next ECCA check
· Once q has reached a value of 1024 and ECCA check failed to find idle channel,  the q is reset to the initial value of 16 for the next ECCA check

· CCA duration: 20μs, ECCA slot duration: 18μs
3 Coexistence evaluation results for indoor scenario

In this section, evaluation results are provided for indoor LAA – LAA coexistence scenarios according to different LBT schemes. It is assumed that two operators deploy 4 LAA eNBs for each operator in the single-floor building, and share 1 unlicensed carrier for all eNBs. 10 UEs per carrier in unlicensed carrier per operator with DL-only FTP traffic are modelled. Note that reservation signal can be transmitted until the next subframe boundary if needed. The detail evaluation methodologies could be found in Appendix.

To evaluate performance impact on LAA by LAA, following steps are evaluated and compared:
· LAA-LAA coexistence

· Performance metrics for two LAA operators coexisting in a given evaluation scenario are evaluated and recorded.

· Performance metrics for the two LAA operators are compared
For each LBT category, 5%, 50%, 95% and mean UPT and latency performance for both LAA networks are summarized in Table 1 ~ 2.

Table 1 UPT and latency performance for LAA LBT category 3
	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

	3
	UPT CDF

[Mbps]
	5%
	55.6
	54.4
	22.9
	22.5
	12
	12.6

	
	
	50%
	86.2
	85.1
	55.9
	55.7
	36.8
	35.5

	
	
	95%
	120
	118.8
	95.9
	94.7
	74.8
	74.1

	
	
	Mean
	87.1
	86.4
	58.1
	57.4
	38.6
	38.5

	
	Delay CDF [s]
	5%
	0.022
	0.022
	0.023
	0.024
	0.033
	0.032

	
	
	50%
	0.053
	0.054
	0.093
	0.095
	0.155
	0.161

	
	
	95%
	0.223
	0.243
	0.578
	0.622
	1.163
	1.309

	
	
	Mean
	0.079
	0.084
	0.171
	0.183
	0.323
	0.340

	
	𝜌
	1
	1
	0.99
	0.99
	0.97
	0.97

	
	BO
	0.25
	0.25
	0.45
	0.43
	0.6
	0.6

	
	𝜆
	0.7
	1.1
	1.5


Table 2 UPT and latency performance for LAA LBT category 4

	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

	4
	UPT CDF

[Mbps]
	5%
	56.1
	55.8
	24.3
	25.3
	11.1
	10.2

	
	
	50%
	87
	86.9
	57.7
	57.9
	37.4
	37

	
	
	95%
	123.5
	121.9
	96.4
	95.7
	77.8
	76.4

	
	
	Mean
	87.9
	87.2
	59.4
	59.3
	39.8
	39.0

	
	Delay CDF [s]
	5%
	0.022
	0.022
	0.023
	0.023
	0.030
	0.030

	
	
	50%
	0.051
	0.052
	0.089
	0.091
	0.159
	0.167

	
	
	95%
	0.218
	0.241
	0.596
	0.623
	1.360
	1.586

	
	
	Mean
	0.079
	0.085
	0.176
	0.185
	0.361
	0.393

	
	𝜌
	1
	1
	0.99
	0.99
	0.97
	0.97

	
	BO
	0.25
	0.25
	0.45
	0.44
	0.59
	0.59

	
	𝜆
	0.7
	1.1
	1.5


From the results, it can be observed that fair co-existence between two LAA operators could be achieved by both LBT category 3 and 4 in different traffic loads. Since both operators use the same LBT scheme (e.g. CCA operation, CCA threshold) in LAA – LAA coexistence scenario, it is relatively easy to achieve fair co-existence between operators than Wi-Fi – LAA co-existence scenario.

Observation 1: Based on the evaluation results, it is observed that fair-coexistence between different operators could be achieved by both LBT category 3 and 4 in different traffic loads

For the performance comparison between different LBT categories, it could be observed that performance of LBT category 4 is slightly higher than that of LBT category 3. This is because that contention window for LBT category 3 (e.g. q=32) is doubled compared to initial contention window for LBT category 4 (e.g. q=16), which results in increased access delay on LBT category 3. Therefore, it is worth noting that depending on the different channel occupancy times, contention window sizes, and other LBT assumptions, overall coexistence performance could be different. Therefore, different LBT operations would need to be further studied by taking practical and various evaluation scenarios into account.

Observation 2: Further study on various LBT operations for LAA-LAA coexistence would be needed by taking practical and various evaluation environments into account

4 Conclusions

In this contribution, we provided evaluation results for LAA – LAA coexistence with DL-only FTP traffic. The following observations were made:
Observation 1: Based on the evaluation results, it is observed that fair-coexistence between different operators could be achieved by both LBT category 3 and 4 in different traffic loads

Observation 2: Further study on various LBT operations for LAA-LAA coexistence would be needed by taking practical and various evaluation environments into account
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Annex A: Evaluation methodology

A.1
General evaluation assumptions

A.1.1
Indoor scenario for LAA coexistence evaluations

	
	Licensed cell
	Unlicensed cell

	Layout for nodes
	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.
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	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)
	18 dBm across aggregated carriers

	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 
	10 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.

Example of a dropping method to achieve this with N=10 UEs: 

· Drop a large enough number of UEs, so that at least 10 UEs are covered by the small cell in the unlicensed band. 

· Randomly select 10 UEs from the UEs that have coverage.

	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.

	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 

· For DL+UL coexistence evaluations  LAA licensed carrier has 10MHz on the DL and 10MHz on the UL
· CA scheduling assumptions stated when reporting results

· Served traffic per small cell per carrier can be reported

UE bandwidth for Wi-Fi: 20 MHz unlicensed

	Network synchronization
	For the same operator, the network can be synchronized and the assumed synchronization accuracy in such simulations should be stated.

Small cells of different operators are not synchronized.

	Performance metrics
	Performance metric

· User perceived throughput (UPT)

· UPT CDF

· 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

· Average buffer occupancy (BO)

· Details in appendix A 2.3

· Ratio of  mean served cell throughput and offered cell throughput independently for DL and for UL


Additional evaluation assumptions

A.2.1
Additional LAA system evaluation assumptions

	Parameters
	Value

	PCI planning for each NW
	Planned 

	Antenna configuration

	2Tx2Rx in DL, 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

	Channel selection
	N/A

	Cyclic Prefix
	Normal
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