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1. Introduction
TR 37.976 [1] defines TRP and TRS as one of the desired performance metrics for LTE. Even tough there is no commonly agreed standard way of measuring these parameters, annex B of [1] implies that these parameters shall be tested as a part the MIMO round robin. Intention of this contribution is to define a LTE TRP/TRS test procedure that can be used for the purpose of the ongoing round robin, following the guidelines of existing test methodology, 3GPP TS 34.114 for W-CDMA and GSM.   
2. General
E-UTRA operating bands and channel arrangements are presented in 3GPP TS 36.101[3]. For OTA testing tables 5.5-1 and 5.7.3-1 of [3] can be adopted. Low, middle and high channel are calculated to table 1 accordingly. To avoid duplicated testing of frequency areas, testing of low middle and high channels is not mandatory for all operating bands. Band average TRP and TRS is calculated from the measured channels.  
	E-UTRA Operating

Band
	Downlink
	Uplink

	
	Low
	Mid
	High
	Low
	Mid
	High

	1
	50
	300
	550
	18050
	18300
	18550

	2
	650
	900
	1150
	18650
	18900
	19150

	3
	1250
	1575
	1900
	19250
	19575
	19900

	4
	2000
	2175
	2350
	20000
	20175
	20350

	5
	2450
	2525
	2600
	20450
	20525
	20600

	6
	-
	2700
	-
	-
	20700
	-

	7
	2800
	3100
	3400
	20800
	21100
	21400

	8
	3500
	3625
	3750
	21500
	21625
	21750

	9
	3850
	3975
	4100
	21850
	21975
	22100

	10
	4200
	4450
	4700
	22200
	22450
	22700

	11
	4800
	-
	4900
	22800
	-
	22900

	12
	5050
	-
	5130
	23050
	-
	23130

	13
	-
	5230
	-
	-
	23230
	-

	14
	-
	5330
	-
	-
	23330
	-

	17
	5780
	-
	5800
	23780
	-
	23800

	18
	5900
	-
	5950
	23900
	-
	23950

	19
	6050
	-
	6100
	24050
	-
	24100

	20
	6200
	6300
	6400
	24200
	24300
	24400

	21
	6500
	-
	6550
	24500
	-
	24550

	33
	36050
	-
	36150
	36050
	-
	36150

	34
	36250
	-
	36300
	36250
	-
	36300

	35
	36400
	36650
	36900
	36400
	36650
	36900

	36
	37000
	37250
	37500
	37000
	37250
	37500

	37
	37600
	-
	37700
	37600
	-
	37700

	38
	37800
	38000
	38200
	37800
	38000
	38200

	39
	38300
	38450
	38600
	38300
	38450
	38600

	40
	38700
	39150
	39600
	38700
	39150
	39600

	41
	39700
	40620
	41540
	39700
	40620
	41540

	NOTE: 
The channel numbers that designate carrier frequencies so close to the operating band edges that the carrier extends beyond the operating band edge shall not be used. This implies that the first 50 channel numbers at the lower operating band edge and the last 49 channel numbers at the upper operating band edge shall not be used for channel bandwidth of 10 MHz.


 Table 1: E-UTRA operating bands
3. Transmitter Performance

Test method for transmitter performance is specified in chapter 5 of TS 34.114 [2]. Following parts of the definition are applicable for radiated power measurement of a LTE device and utilized in this contribution.
-DUT positioning against SAM head, if the EUT is designed for speech
-Sampling grid of 15°
- Definitions for TRP, 
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-Test purpose

-Test procedure

USB Dongles will be tested in a USB port of a host laptop. Mechanical configuration and power management settings of the laptop are set according to annex B of TR 37.976. 

Minimum performance requirements for 
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are TBD, and not in the scope of this contribution. 
To initial conditions channel parameters need to be substituted. Uplink is set according to tables A.2.2.1.1-1 and A.2.3.1.1-1of [3], reference channels for QPSK with full RB allocation. Rationale for full RB allocation is to minimize effects of laboratory reflections and to get a comprehensive picture of radiated power within the channel bandwidth. Reference measurement channel for downlink is defined in paragraph 4 of this contribution. Call is set up according to generic call setup procedure. Continuously up power control commands are send to the EU. Network signalling value NS_01 is used.
Table 2: UL Reference Measurement Channel

	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	10

	Allocated resource blocks
	
	50

	DFT-OFDM Symbols per Sub-Frame
	
	12

	Modulation
	
	QPSK

	Target Coding rate
	
	1/3

	Payload size
	Bits
	5160

	Transport block CRC
	Bits
	24

	Number of code blocks per Sub-Frame
(Note 1)
	
	1

	Total number of bits per Sub-Frame
	Bits
	14400

	Total symbols per Sub-Frame
	
	7200

	UE Category
	
	1-5


4. Receiver Performance

Receiver and transmitter measurements may be done in parallel. Test method for receiver performance is specified in chapter 6 of TS 34.114 [2]. Minimum performance requirements for TRS are not in the scope of this contribution. Applicable parts of the specification are:
-DUT positioning, if the EUT is designed for speech
-Sampling grid of 30° or finer
- Definitions for TRS, 
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-Test purpose

USB Dongles will be tested in a USB port of a host laptop. Mechanical configuration and power management settings of the laptop are set according to annex B of TR 37.976. 

Initial test conditions and TRS test procedure require modifications. DL reference measurement channels for receiver characteristics in single-antenna transmission mode are adopted from TS36.101for OTA testing. Implementation of LTE single antenna transmission mode test to OTA laboratories, that are capable of testing according to TS 34.114 or CTIA OTA Test Plan[4], requires only a minimum investment i.e. eNodeB emulator in most cases. Anechoic chamber setup is applicable as it is. 
Reference measurement channel R.2 [3] is chosen for OTA testing mainly because it is defined for 10MHz channel bandwidth that is supported by all E-UTRA operating bands. Reference measurement channel R.2 for FDD is presented in table 3 and for TDD in table 4. Use of all available resource blocks optimizes testing time and helps detecting de-sense effects.  Maximum number of HARQ processes is set to 1 and redundancy version coding sequence to 0,1,2,3.
Table 3: FDD DL Fixed Reference Channel
	Reference channel
	Unit
	R.2 FDD

	Channel bandwidth
	MHz
	10

	Allocated resource blocks
	
	50

	Allocated subframes per Radio Frame
	
	10

	Modulation
	
	QPSK

	Target Coding Rate
	
	1/3

	Information Bit Payload
	
	

	For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	4392

	For Sub-Frame 5
	Bits
	n/a

	For Sub-Frame 0
	Bits
	4392

	Number of Code Blocks per Sub-Frame
(see Note 3)
	
	1

	Binary Channel Bits Per Sub-Frame
	
	

	For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	13800

	For Sub-Frame 5
	Bits
	n/a

	For Sub-Frame 0
	Bits
	12960

	Max. Throughput averaged over 1 frame
	Mbps
	3.953

	UE Category
	
	1-5


Table 4: TDD DL Fixed Reference Channel

	Reference channel
	Unit
	R.2 TDD

	Channel bandwidth
	MHz
	10

	Allocated resource blocks
	
	50

	Uplink-Downlink Configuration (Note 4)
	
	1

	Allocated subframes per Radio Frame (D+S)
	
	4+2

	Modulation
	
	QPSK

	Target Coding Rate
	
	1/3

	Information Bit Payload
	
	

	For Sub-Frames 4,9
	Bits
	4392

	For Sub-Frames 1,6
	Bits
	3240

	For Sub-Frame 5
	Bits
	n/a

	For Sub-Frame 0
	Bits
	4392

	Number of Code Blocks per Sub-Frame
	
	

	For Sub-Frames 4,9
	
	1

	For Sub-Frames 1,6
	
	1

	For Sub-Frame 5
	
	n/a

	For Sub-Frame 0
	
	1

	Binary Channel Bits Per Sub-Frame
	
	

	For Sub-Frames 4,9
	Bits
	13800

	For Sub-Frames 1,6
	Bits
	11256

	For Sub-Frame 5
	Bits
	n/a

	For Sub-Frame 0
	Bits
	13104

	Max. Throughput averaged over 1 frame
	Mbps
	1.966

	UE Category
	
	1-5


The test procedure is modified to be following:

 1)
Send continuously Up power control commands to the UE.

2)
As the UE reaches maximum power, start sending PN15 data pattern.

3)
Position the UE against the SAM phantom / host laptop to free space
4)
Find two sensitivity points, 
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≤90% and 
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≥90%, no further than 0.5 dB away from each other, using 1000 or more blocks. Linearly interpolate EIS power resulting throughput target of 90%, using equation 1. 
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Where 
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[dBm] is power level resulting 
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NOTE: To meet throughput value target DL power level can be changed using user’s freely selectable algorithm. 
5)
Evaluate EIS for every direction of selected sampling grid using two orthogonal polarizations to obtain TRS
6)
Calculate TRS using equations from TS 34.114
TS36.101 uses widely throughput target of ≥ 95% at a reference sensitivity level, for conducted receiver performance testing. For the purpose of OTA testing, throughput target of 90% was selected in this contribution. Rationale for this adjustment is measurement accuracy and speed. Based on measured throughput vs. power curves of LTE terminals, in the 90% throughput area, slope of the curve is greater compared to the slope at 95% throughput and thus it is easier to accurately determine the corresponding power level.  

For EIS search, TS34.114 defines BER targets with a certain tolerance. In the case of LTE, due to steep throughput vs. power curve, this approach is not practical. Tolerance window for throughput target would have to bee relatively large. Large tolerance would likely cause large deviations in TRS results of devices, suffering from interference and therefore interpolating EIS was seen as a best solution. Statistical uncertainty of single EIS point using throughput target of 90% block count of 1000 and interpolation step of 0.5dB, was estimated to be around ±0.2dB (k=2), using ETSI document TR 100 028-1 [5] as a guideline. 
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Figure 1: Throughput vs. power curve of a LTE terminal
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Figure 2 Example of EIS evaluation
Alternative EIS measurement

To speed up the measurement, reduced amount of blocks may be used for evaluation of EIS in low sensitivity measurement points.  Minimum amount of 500 blocks may be used for evaluation of those
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 values, that are at least 6dB worse than best so far measured
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 in the antenna pattern. There are several ways to implement this option to the sensitivity search algorithm. For example, RSRP can be used to estimate will the current measurement point satisfy the 6dB rule.  Statistical uncertainty of single EIS point measured with 500 blocks and 0.5dB interpolation step was estimated to be around ±0.25dB (k=2) [4]. 

5. Test Results

TRS and TRP of a commercial LTE USB-dongle were measured according to presented procedure. Host laptop was Nokia Booklet. Integrated radios of the laptop were turned off, lid was open at 110° angle and the dongle was used as a center of the rotation. Test results are presented in table 5.
Table 5: TRP and TRS of a commercial LTE device in band 7.
	Channel UP/DL
	20800/2800
	21100/3100
	21400/3400
	Average [dBm]

	TRP [dBm]
	17.1
	14.8
	15.5
	15.9

	TRS [dBm]
	-92.0
	-92.0
	-92.9
	-92.3


6. Conclusion
This contribution defined a TRP and a TRS test procedure for LTE. The test procedure is consistent with the existing radiated performance tests in TS 34.114 [3]. Advantages of the test procedure are that it is applicable to any Rel-8/Rel-9 LTE terminal and since downlink is tested in single antenna transmission mode, the procedure is applicable for existing OTA laboratories without chamber modifications.

TRS is verified using both (all) antennas of the UE simultaneously. Disadvantage of this approach is that the test can not separate out the performance of the two receiver chains; however the EU is tested as it operates in the field. It is assumed that MIMO performance of LTE terminals will be verified by another test, identified in MIMO OTA study item. 
Evaluation method for EIS and throughput target is based on measurements of a few LTE terminals. Once more commercial LTE terminals come available, the interpolation method and throughput targets may need fine tuning. However, for the time being, this procedure is proposed to be used for testing TRP and TRS in LTE MIMO OTA round robin. 
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