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[bookmark: _Toc101946531][bookmark: _Toc74460299][bookmark: _Toc327547998][bookmark: _Toc327548198][bookmark: _Toc21437656]
Introduction
[bookmark: _Toc21437657]Scope
This document contains the test method  and requirements for antenna performances of devices for WLAN @2.4GHz and WLAN@5GHz and the scope can be extended in a later stage to include other WLAN technologies. 	Comment by Author: Such as?
Device types considered initially will be: 
· Smartphone
· Tablet 
· Notebook (Laptop) 
· CPE fly box (including airbox Mi-Fi) 
Note:
CPE flyboxes and Mi-Fi devices will be tested as access points (AP). 
All other devices will be tested as clients.
Routers which are connected to land-line are out of scope for the time being.  
[bookmark: _Toc327447334][bookmark: _Toc327548002][bookmark: _Toc327548202][bookmark: _Toc21437658]Overview
With increasing number of devices on the 3GPP networks and the high usage of data, it is of great importance for Mobile Network Operators (MNO) and end customers to ensure a strong and efficient WLAN connection. In order to guarantee a good radio link the antenna plays a major role.	Comment by Author: Carriers need to provide goodWi-Fi network coverage to support good user experience. 
In this sense TS.49 aims to define minimum antenna performance requirements for WLAN in the frequency bands at 2.4 GHz and 5 GHz.

[bookmark: _Toc21437659]Abbreviations
	Term 
	Description

	WLAN
	Wireless Local Area Network 

	WFA
	Wi-Fi Alliance 

	CTIA
	Cellular Telecommunications & Internet Association

	DL
	Downlink

	DUT
	Device Under Test

	FFS
	For Further Study

	FS
	Free Space

	OTA
	Over the Air

	TRP
	Total Radiated Power

	TRS
	Total Radiated Sensitivity

	UL
	Uplink

	USB
	Universal Serial Bus

	Self-Int
	Self-Interference

	Wi‐Fi
	Wireless Fidelity

	LME
	Laptop Mounted Equipment

	LEE
	Laptop Embedded Equipment 

	TBD
	To Be Defined

	PER
	Packet Error Rate

	AP
	Access Point

	CPE
	Customer Premises Equipment 

	AC
	Anechoic Chamber 

	RC 
	Reverberation Chamber

	ACK
	Acknowledge 

	MNO
	Mobile Network Operators

	RF
	Radio Frequency

	UE
	User Equipment

	EUT
	Equipment Under Test

	ICMP
	Internet Control Message Protocol 


[bookmark: _Toc327447332][bookmark: _Toc327547999][bookmark: _Toc327548199][bookmark: _Toc327548004][bookmark: _Toc327548204][bookmark: _Toc21437660]References 
	Ref
	Doc Number
	Title

	[bookmark: _Ref325119390]
	CTIA /WFA
	
Test Plan for RF Performance Evaluation of Wi-Fi Mobile Converged Devices V2.0.3 	Comment by Author: Update the version

	[bookmark: _Ref327455043]
	3GPP 
	TS 34.114 


[bookmark: _Toc21437661]Test Environment 
Definition of test mode and test tool:
Tests can be conducted in both, Anechoic (AC) or Reverberation Chambers (RC) 


[bookmark: _Toc21437662]Device Types
As Client 
· Smartphone  
· Tablet  
· Notebook (Laptop)  

As Acces Point (AP) 
· CPE fly box (including airbox Mi-Fi) 
[bookmark: _Toc21437663]Antenna Efficiency 
[bookmark: _Toc327548005][bookmark: _Toc327548205][bookmark: _Toc21437664]Total Radiated Power
The purpose of this test is to ensure that Total Radiated Power (TRP) of the UE is above a specified limit. 
A lack of transmitted RF power on the UE side decreases the coverage area at the far side from the Access Point (AP).
Tests in lab environment against a WLAN tester can be conducted using PING or ACK based.
With the PING based packet generation method, the WLAN tester will generate ICMP echo request packets with configurable transmit interval, payload size and payload type. The ICMP echo request packets are targeted at the EUT's IP stack. The EUT is expected to answer with a well-defined echo reply packet whose payload is identical to the payload of the corresponding request. 
If the ACK based packet generation method is used, the power is measured across multiple ACK control frames from the EUT rather than full data packets. The ACK control frames are sent in response to unicast data packets generated by the WLAN tester. The measurement is taken across multiple packets and a mean value calculated.
In all cases please refer to the tables below for the parameter settings.
[bookmark: _Toc21437665]Test Procedure 

Initial condition 
· Disable scan mode during testing 
· Disable power save mode 
· Disable Bluetooth radio during testing  

Procedure
The test procedure is based in principle on CTIA [1] with specific configurations which will be indicated in this document whenever needed.
The test can be executed either using anechoic chamber or reverberation chamber.
The power can be measured using spectrum analyzer, receiver of test equipment, or power meter as specified in 3GPP TS34.114 [2].
The Total radiated power is measured with the following steps: 
· Set network simulator as WLAN AP when DUT is used as client and network simulator as client when DUT is used as AP. For testing IEEE 802.11b/g/n at 2.4 GHz and IEEE 802.11n/a/ac at 5 GHz set parameter as defined on the table below either for PING or ACK mode.
· When using anechoic chamber rotate device in 30° steps in three dimensions. When using RC, 200 samples need to be measured at least.
· 



Measure  and  with a sample step of 30° in theta () and phi () directions. The relation between  and  to TRP is given in Eq. 1.
· Calculate TRP by using Eq. 2 when using AC and Eq. 3 when using RC.
· 
     			(Eq. 1) 






Where  is the solid angle describing the direction,  is frequency.  and  are the orthogonal polarizations.  and  are the actually transmitted power-levels in corresponding polarizations.


 	 (Eq. 2) 




In these equations  and  are the number of sampling intervals for theta and phi.  and  are the measurement angles.
TRP calculation when using RC: 


      								(Eq. 3) 



where  is the reference power transfer function for fixed measurement antenna n,  is the reflection coefficient for fixed measurement antenna n and  is the path loss in the cables connecting the measurement receiver to fixed measurement antenna n. 

 is the average power measured by fixed measurement antenna n and can be calculated using the following expression:


 	                                                                                                               (Eq. 4)


where  is sample number m of the complex transfer function measured with fixed measurement antenna n and  is the total number of samples measured for each fixed measurement antenna.
                                   Table 2-1-1 parameter setting for output power 
	Parameter
	Value

	Number of measurements to be averaged
	PING Based: 10
ACK Based: 100

	Interval between packets (ms)
	10

	Tester payload size (bytes)
	PING Based: 1000
ACK Based: 60

	Tester packet payload
	Pseudo random




[bookmark: _Toc21437666]Frequency bands and configuration

	Wi-Fi Mode
	Frequency
	Measurement Channel
	Bandwidth (MHz)
	Data Rate (Mbit/s)

	IEEE 802.11b
	
2.4 GHz
	6
	20
	11

	IEEE 802.11g
	
	6
	20
	6

	IEEE 802.11n
	
	6
	20
	6.5

	IEEE 802.11a
	
5 GHz
	TBD
	TBD
	TBD

	IEEE 802.11n
	
	TBD
	TBD
	TBD

	IEEE 802.11ac
	
	TBD
	TBD
	TBD



[bookmark: _Toc21437667]Requirements 

	Wi-Fi Mode
	Frequency
	TRP (dBm)

	IEEE 802.11b
	
2.4 GHz
	TBD

	IEEE 802.11g
	
	TBD

	IEEE 802.11n
	
	TBD

	IEEE 802.11a
	
5 GHz
	TBD

	IEEE 802.11n
	
	TBD

	IEEE 802.11ac
	
	TBD



[bookmark: _Toc21437668]Total Radiated Sensitivity
The purpose of this test is to ensure that Total Radiated Sensitivity (TRS) of the UE is below a specified limit. 
A lack of reception sensitivity on UE side decreases the coverage area at the far side from Access Point (AP).
Test will  be conducted using ACK based.
The power is measured across multiple ACK control frames from the EUT rather than full data packets. The ACK control frames are sent in response to unicast data packets generated by the WLAN tester. The measurement is taken across multiple packets and a mean value calculated.
Please refer to the tables below for the parameter settings.

[bookmark: _Toc21437669]Test Procedure
Initial condition 
Following parameter setting shall be used for  the device under test (DUT) 
· Disable scan mode during testing 
· Disable power save mode 
· Disable Bluetooth radio during testing  

Procedure
The test procedure is based  in principle on CTIA [1]  with specific configuration which will be indicated in this document whenever needed .
The test can be executed either using anechoic chamber or reverberation chamber. 
The power can be measure using spectrum analyser, receiver of test equipment, or power meter as specified in 3GPP TS34.114 [2]
The Total radiated sensitivity is measured with the following steps: 
· Set network simulator as WLAN AP when DUT is used as client and network simulator as client when DUT is used as AP. For testing IEEE 802.11b/g/n at 2.4 GHz and IEEE 802.11n/a/ac at 5 GHz set parameter as defined on the table below for ACK mode.
· When using anechoic chamber rotate device in 30° steps in three dimensions. When using RC, 200 samples need to be measured at least.
· 

Measure the EIS on  both  and   with a sample step of 30° in theta () and phi () directions with a PER target limit at 10% .

The Total Radiated Sensitivity (TRS) is a measure of the minimum power required to achieve a specified Packet Error Rate (PER) . The TRS is defined as:


	                                                                      (Eq. 5)




Where the effective isotropic sensitivity (EIS) is defined as the power available at the antenna output such as the sensitivity threshold is achieved for each polarization.  is the solid angle describing the direction,  is frequency.  and  are the orthogonal polarizations.

                                     (Eq. 6)




In these equations and  are the number of sampling intervals for theta and phi.  and  are the measurement angles. 
The TRS can also be calculated from measurements in a Rayleigh fading 3 dimensional isotropic environment with in average uniform elevation and azimuth distribution. The calculation of the TRS is in this case based on searching for the lowest power received by the UE for a discrete number of field combinations in the chamber that gives a PER that is better than the specified target PER level. By calibrating the average power transfer function, an absolute value of the TRS can be obtained. The following expression can be used to find the TRS.


                                                                           (Eq. 7)





where  is the reference power transfer function for fixed measurement antenna n,  is the reflection coefficient for fixed measurement antenna n and  is the path loss in the cables connecting the measurement receiver to fixed measurement antenna n. These parameters are calculated from the calibration measurement.  is calculated by using the following equation:


                                                                                                     (Eq. 8)



where  is the m:th value of the transfer function for fixed measurement antenna n, which gives the PER threshold.  is the total number of values of the PER threshold power measured for each fixed measurement antenna.

Besides some settings, the general methodology is similar to CTIA: “Test Plan for RF Performance Evaluation of Wi‐Fi Mobile Converged Devices”, Version 2.0.3, September 2016.	Comment by Author: Update the version


			Table 2-2-1 parameter setting for receiver sensitivity 
	Parameter
	Value

	Interval between packets (ms)
	1

	Packet size (bytes)
	802.11g/b/n/a
	1000

	Min number of packets
	1000

	Packet error Rate limit (PER) 
	10%





[bookmark: _Toc21437670]Frequency bands and configuration

Table 2.2.2: test configuration 
	Wi-Fi Mode
	Frequency
	Measurement Channel
	Bandwidth (MHz)
	Data Rate (Mbit/s)

	IEEE 802.11b
	
2.4 GHz
	6
	20
	11

	IEEE 802.11g
	
	6
	20
	6

	IEEE 802.11n
	
	6
	20
	6.5

	IEEE 802.11a
	
5 GHz
	TBD
	TBD
	TBD

	IEEE 802.11n
	
	TBD
	TBD
	TBD

	IEEE 802.11ac
	
	TBD
	TBD
	TBD



[bookmark: _Toc21437671]Requirements 

Table 2.2.3: TRS requirements for Wi-Fi devices in data transfer position
	Wi-Fi Mode
	Frequency
	TRS (dBm)

	IEEE 802.11b
	
2.4 GHz
	TBD

	IEEE 802.11g
	
	TBD

	IEEE 802.11n
	
	TBD

	IEEE 802.11a
	
5 GHz
	TBD

	IEEE 802.11n
	
	TBD

	IEEE 802.11ac
	
	TBD




[bookmark: _Toc21437672]Desense 

TBD

[bookmark: _Toc21437673]Data Throughput Performance 
TBD
.
[bookmark: _Toc268093867][bookmark: _Toc21437674]: Table of Requirements 

	
	Smartphone
	Tablet /Laptop
	CPE

	Compromised Value TRP (dBm)
	11,5
	12
	13

	Compromised Value TRS (dBm)
	-83
	-84
	-85


TBD
[bookmark: _Toc21437675]: Template Results 
[bookmark: _Toc21437676]TBD
[bookmark: _Toc209948274][bookmark: _Toc327548013][bookmark: _Toc327548213][bookmark: _Ref329687100][bookmark: _Toc21437677]Document Management
[bookmark: _Toc327548014][bookmark: _Toc327548214][bookmark: _Toc21437678]Document History
	Version
	Date
	Brief Description of Change
	Approval Authority
	Editor / Company

	1.0
	14th May 2019
	Initial draft 
	TSGWAP#03

	Momar Goumballe/Orange
Abbas Alpaslan/Vodafone 
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	Type
	Description

	Document Owner
	TSG WLAN Antenna Performance 

	Editor / Company
	Momar Goumballe / Orange 
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