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4
Background

TSG RAN WG4 has been studying methods for testing the radiated performance of MIMO devices. This work culminated in Release 12 with the publication of TR 37.977 [2]. This TR defined four testing methodologies:

-
Anechoic Chamber Multi-Probe

-
Reverberation Chamber

-
Reverberation Chamber + Channel Emulator

-
Two-stage method (radiated)

For the two-stage method the following was noted in TR 37.977 subclause 12.3.1.4:

It shall be noted that use of the two-stage method for conformance test depends on the specification of a UE antenna measurement function which is not part of this work item [that is UID 550116].

An outline of the antenna test function (ATF) is given in TR 37.977 subclause 6.3.1.3 but the formal specification of the test function was outside the scope of the previous work item. A new study item has been approved at RAN #64 to develop the description of the ATF (FS_LTE_MIMO_OTA_ATF) in this present TR.
4.1
Study item objective
The objective of this study item is to define, in a stand-alone document, the behavioural aspects of the antenna test function, ahead of this definition being specified in [3] at a time when radiated MIMO conformance tests have been drafted. Until that time this TR will serve as the definition of the ATF for the purposes of developing the two-stage MIMO OTA test method. The only anticipated change in [3] as a result of the study item will be the addition of an informative note to reserve message types for future use. This will ensure that the definition in this TR can be transferred into [3] in the future without any dependency on other possible additions to [3] beforehand. 
Any use of "shall" or "must" in the definition is used for clarification to indicate that the function, and/or result may not be as expected if the indicated "shall" or "must" item is not used or followed. The use of "shall" or "must" in the definition is not meant to imply a specific UE requirement.

4.2
Overview of the two-stage method and motivation for the Antenna Test Function
The overall description of the two-stage method can be found in subclause 6.3.1.3 of [2]. Conventional anechoic OTA test methods emulate a 2D or 3D field representing the desired spatial channel model. This involves the use of multiple probes. The two-stage method takes a different approach using a first stage of antenna pattern measurement followed by a second stage of throughput measurement using a signal generated by convolving the device's complex antenna pattern with the desired spatial channel model. This results in a test method that can be implemented using only two probes. See table 12.4-1 of [2] for a fuller comparison of the approved test methods.

Central to the two-stage method therefore is the need to obtain, without impairment, the complex UE antenna pattern as seen by the UE receiver. Traditional methods of measuring antennas are intrusive and require modification of the device to connect cables. The resulting patterns will have been disturbed by the intrusion and cannot be considered valid. It is important to note that any errors in estimating the magnitude and phase of the complex UE antenna pattern translate to an error in the final MIMO OTA performance metric.
To get round this problem a method for non-intrusive measurement of the UE receive antenna patterns was developed and described in [2]. It has been shown in a dual receiver device that by measuring the gain of each antenna and the relative phase between the antennas at successive angles of arrival that the complex antenna pattern can be constructed for either a 2D cut or a more comprehensive full 3D measurement. The need to measure the received amplitude and relative phase is what motivates the need for the ATF. Existing UE measurements such as Reference Signal Received Power (RSRP) go a long way to providing a mechanism for power measurement however there is no equivalent UE measurement defined for relative phase.

This led to the proposal to define two new UE measurements for amplitude and relative phase, tailored specifically to enable UE antenna pattern measurement as part of future conformance testing. Consequently, these new measurements are quite distinct from the traditional UE measurements used in the radio access network (RAN) for radio resource management (RRM) functions in the following ways:

-
Use and access strictly limited to UE conformance testing purposes (no RAN use)

-
Support is optional and will determine applicability of any two-stage test cases

-
Enabled through presence of a test USIM

-
No impact on existing physical layer UE measurement reporting capabilities – these antenna test function measurements will not be accessible during normal network operation

-
Intended operating conditions, non-faded with high SINR

The new amplitude measurement is called Reference Signal Antenna Power (RSAP) and is similar to the existing RAN measurement RSRP. The new phase measurement has no equivalent in the RAN and is called Reference Signal Antenna Relative Phase (RSARP).
The specification of UE requirements for the new ATF measurements is outside the scope of this study item being the domain of future work in RAN WG4 which will address measurement uncertainty for the approved test methods in a future work item. Therefore the remainder of this TR will focus on the behavioural aspects of the ATF.
5
Definition of the Antenna Test Function radio environment and measurements
This clause describes the types of signals the ATF measurements are expected to measure and then goes on to describe the ATF measurements themselves.
5.1
Test system radio environment for ATF measurements
The conditions in which the ATF measurements are expected to operate are in a highly controlled anechoic radio environment, isolated from unwanted external signals, and with low reflectivity and appropriate calibration. Table 5.1-1 lists the attributes of the test signal.

Table 5.1-1: Signal conditions for ATF measurements

	Parameter
	Value

	Propagation conditions
	Static, line of sight

	Incident power at UE
	-50 dBm to -70 dBm

	Downlink configuration
	Any Fixed Reference Channel for Receiver Requirements in Table A.3.2-1 of [4] for FDD and Table A.3.2-2 of [4] for TDD.

	Downlink antenna configuration
	Linear polarized reference antenna

	Downlink frequency
	As required

	Downlink channel bandwidth
	As required


The above conditions represent a very high SINR unfaded environment suitable for characterizing the UE antenna. ATF measurements in other conditions are possible but add no value over these ideal conditions.
5.2
Reference Signal Antenna Power (RSAP) definition

The RSAP measurement is based on RSRP as defined in subclause 5.1.1 of [5].

Since it is the intention to measure UE radiated receiver performance using fully allocated downlink channels, the RSAP is a measure of the average power of the CRS resource elements across the entire channel bandwidth.

Table 5.2-1: Reference Signal Antenna Power (RSAP) definition

	Definition
	Reference signal antenna power (RSAP) is defined per receive antenna (Rx0 .. Rxn) as the linear average over the power contributions (in [W]) of the resource elements that carry cell-specific reference signals across the entire LTE channel bandwidth.

For RSAP determination the cell-specific reference signals R0 according to TS 36.211 shall be used. 

The reference point for the RSAP shall be the antenna connector of the UE.

	Measurement period
	Since the signal is static there is no minimum measurement period defined but a figure of one 10 ms subframe is suggested.

	Applicable for
	RRC_CONNECTED intra-frequency


Note 1: The number of resource elements within the measurement period that are used by the UE to determine RSAP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.

Note 2: The power per resource element is determined from the energy received during the useful part of the symbol, excluding the CP.

Accuracy requirements are FFS and not considered at this time other than an expectation of monotonicity. The future work includes assessing the impact of UEs with antenna patterns that change significantly over the LTE channel bandwidth which may depend on UE implementation.
5.3
Reference Signal Antenna Relative Phase (RSARP) definition

The RSARP is similarly defined as RSAP. The relative phase difference of the CRS resource elements is the average across the entire channel bandwidth.

Table 5.3-1: Reference Signal Antenna Relative Phase (RSARP) definition

	Definition
	Reference signal antenna relative phase (RSARP), is defined as the difference between the average phase of the resource elements that carry cell-specific reference signals across the entire LTE channel bandwidth received by the reference antenna (chosen here as Rx0) and the average phase of the resource elements that carry cell-specific reference signals across the entire LTE channel bandwidth received by one other receiver antenna (Rx1 .. Rxn).

For RSARP determination, the cell-specific reference signals R0 according to TS 36.211 [3] shall be used.
The reference point for the RSARP shall be the antenna connector of the UE.

	Measurement period
	Since the signal is static there is no minimum measurement period defined but a figure of one 10 ms subframe is suggested.

	Applicable for
	RRC_CONNECTED intra-frequency


Note 1: The number of resource elements within the measurement period that are used by the UE to determine RSARP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.

Note 2: The phase per resource element is determined from the energy received during the useful part of the symbol, excluding the CP.
Accuracy requirements are FFS and not considered at this time other than an expectation of monotonicity. The future work includes assessing the impact of UEs with antenna patterns that change significantly over the LTE channel bandwidth which may depend on UE implementation.
6
ATF measurement procedure
This clause describes the ATF measurement procedure. An alternative client application procedure is define in Annex A. The procedures described below are defined for a dual antenna single carrier system although it is the intention for this design to be easily extended for quad and octo antenna systems including carrier aggregation (CA) for when these capabilities come online in the future.

<end of changed section>
<Start of next changed section>

10.2
RSARP

The requirements for RSARP accuracy are given in Table 10-2.

Table 10-2: Reference Signal Antenna Relative Phase requirements

	Parameter
	Value

	Range
	RSARP monotonicity to be maintained over the range -60 dBm to -80 dBm incident power measured at the orientation of the DUT’s maximum antenna gain.

	Monotonicity
	Monotonicity over a 5 degree interval. This is necessary to enable linearization of the UE RSARP response as part of the accuracy requirements for the derived complex antenna pattern.


Annex A   Definition of the UE ATF Client Application
This annex defines a client application for access to the ATF as an alternative to the layer 3 definition provided in section 6 and 7.

The UE ATF client application (or simply the “ATF test application”) to support LTE over-the-air radiated performance testing allows the UE: 
· to receive the ANTENNA INFORMATION REQUEST from the Test Platform
· to respond to the Test Platform with the ANTENNA INFORMATION RESPONSE  
The application needs to be tailored to the specific device which needs to support the underlying RSAP and RSARP ATF measurements in the device chipset.

For data-centric devices, the ATF test application is designed to run on a host laptop, e.g., USB modem plugged into the laptop, or configured by a host laptop tethered to the UE only for initial configuration as shown in Figure A-1.
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Figure A-1: Tethered UE ATF Client Application Connection Diagram

For phones, notebooks, and tablets, the ATF test application is embedded by the vendor on the devices provided to the test lab for over-the-air radiated performance testing as shown in Figure A-2. 
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Figure A-2: Embedded UE ATF Client Application Connection Diagram
On launch of the ATF test application, the DUT listens on the IP address and UDP port configured on the test platform and wait for the test platform to initiate communication with the ATF test application. 
The ATF test application communicates with the test platform using the commands detailed in the Section “Message Definitions and Contents”. 
The ATF test application needs to have a user interface through which the user can configure the IP address and port number defined for use by the test platform. This configuration is stored across DUT power cycles.  
The ANTENNA INFORMATION RESPONSE is expected to be sent by the UE within 1 s of the ANTENNA INFORMATION REQUEST.
Message Definitions and Contents

The message definition and their contents used to communicate between the UE and the test platform are outlined below. These message definitions are for legacy single carrier 2x2 MIMO devices. For the commands detailed below, the following notation applies:

· Presence: is either M=Mandatory or O=Optional  
· Format: equivalent to [6], subclause 11.2.3.1.1  
· Length: in octets  
ANTENNA INFORMATION REQUEST

This message is only sent in the direction from the Test Platform to the UE.
	Information Element
	Presence
	Format
	Length

	Message0 type
	M
	V
	1

	Request type
	M
	V
	1


where message0 type is:
	8
	7
	6
	5
	4
	3
	2
	1
	bit no.

	0
	0
	0
	0
	0
	0
	0
	0
	octet 1


where request type is:
	8
	7
	6
	5
	4
	3
	2
	1
	bit no.

	0
	0
	0
	0
	0
	
	1
	1
	octet 1


ANTENNA INFORMATION RESPONSE
This message is only sent in the direction from the UE to the Test Platform.
	Information Element
	Presence
	Format
	Length

	Message0 type
	M
	V
	1

	Date
	M
	V
	4

	Time
	M
	V
	4

	Message0 type
	M
	V
	1

	Message0 type
	M
	V
	1

	RSAP (for Rx0)
	M
	V
	2

	RSARP (for Rx0 and Rx1)
	M
	V
	2

	Message1 type
	M
	V
	1

	RSAP (for Rx1)
	M
	V
	2


where message0 type is:
	8
	7
	6
	5
	4
	3
	2
	1
	bit no.

	0
	0
	0
	0
	0
	0
	0
	0
	octet 1


and where message1 type is:
	8
	7
	6
	5
	4
	3
	2
	1
	bit no.

	0
	0
	0
	0
	0
	0
	0
	1
	octet 1


The date is encoded with

	8
	7
	6
	5
	4
	3
	2
	1
	bit no.

	0
	0
	0
	0
	0
	Y10
	Y9
	Y8
	octet 1

	Y7
	Y6
	Y5
	Y4
	Y3
	Y2
	Y1
	Y0
	octet 2

	0
	0
	0
	0
	M3
	M2
	M1
	M0
	octet 3

	0
	0
	0
	D4
	D3
	D2
	D1
	D0
	octet 4


Y10..Y0 is the year and binary coded with Y10 as the most significant bit and Y0 as the least significant bit. M3..M0 is the month and binary coded with M3 as the most significant bit and M0 as the least significant bit. D4..D0 is the day and binary coded with D4 as the most significant bit and D0 as the least significant bit.
The time is encoded with:

	8
	7
	6
	5
	4
	3
	2
	1
	bit no.

	0
	0
	0
	0
	H3
	H2
	H1
	H0
	octet 1

	0
	0
	MIN5
	MIN4
	MIN3
	MIN2
	MIN1
	MIN0
	octet 2

	S15
	S14
	S13
	S12
	S11
	S10
	S9
	S8
	octet 3

	S7
	S6
	S5
	S4
	S3
	S2
	S1
	S0
	octet 4


H3..H0 is the hour and binary coded with H3 as the most significant bit and H0 as the least significant bit. MIN5..MIN0 is the minutes and binary coded with MIN5 as the most significant bit and MIN0 as the least significant bit. S15..S0 is the seconds. The seconds value in xx.xxx format is multiplied by 1000 and binary coded with S15 as the most significant bit and S0 as the least significant bit. 
The RSAP is encoded with:
	8
	7
	6
	5
	4
	3
	2
	1
	bit no.

	1
	0
	R13
	R12
	R11
	R10
	R9
	R8
	octet 1

	R7
	R6
	R5
	R4
	R3
	R2
	R1
	R0
	octet 2


R13..R0 is the measured RSAP value for the indicated receiver. The RSAP value in -xxx.xx dBm shall be multiplied by -100 and binary coded with R13 as the most significant bit and R0 as the least significant bit. The RSAP value shall be in the range of 0.00 to -120.00 dBm

while RSARP is encoded with:
	8
	7
	6
	5
	4
	3
	2
	1
	bit no.

	P15
	P14
	P13
	P12
	P11
	P10
	P9
	P8
	octet 1

	P7
	P6
	P5
	P4
	P3
	P2
	P1
	P0
	octet 2


P15..P0 is the measured RSARP value between receivers Rx1 and Rx0. The RSARP value xxx.xx degrees shall be multiplied by 100 and binary coded with P15 as the most significant bit and P0 as the least significant bit. The RSARP value shall be in the range of 0 to 359.99 degrees.
Alternatively, the ATF test application can follow the message definition and contents defined in sections 6 and 7, e.g. to support CA and or UEs with more than two Rx antennas.
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