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1. Introduction
UMTS TRP & TRS values were agreed in RAN4#79 Nanjing [1]. The methodology [2] was a result of long discussion and there were number improvements proposed [3]. UMTS work item then continued to cover LTE and way forward in RAN4#80 was agreed [4]. This paper discusses some aspects of the measurement based methodology.
2. Discussion

2.1. Looking back to 3GPP UMTS data
The combining of datasets revealed that data from different sources implied very different results. It seemed the data has a bias depending on if it was submitted by a vendor or an operator [5]. This is surprising since the data should come from CTIA accredited laboratories.
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Figure 1 - UMTS Band 1 TRP data from [5]

The distribution is better observed by plotting it a bit differently. In Figure 2, the normalised frequency plot for BHH TRP band 1 is shown.

Figure 2 - Normalised Frequency plot of BHH TRP UMTS for band 1
The samples sizes for operator were 352 and for vendors 102. The combined distribution is almost the same as operator distribution. This is all known from discussions but what has been difficult to observe previous was that the operator distribution is very condensed around 16 dBm, whereas the vendor data has more variation. The peak is not as clear as in operator distribution even though there are 102 samples. One reason could be that the operator distribution has less samples where band 1 was a roaming band. 

Further observing the distributions, the width of the peak is almost identical. If we offset the operator curve by 0.9 dB, the peaks align quite well and the difference that remains is the bad performing samples in the operator data set, probably because there are less samples with band 1 as roaming band. 
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Figure 3 - Normalised Frequency plot of BHH TRP UMTS for band 1 with operator curve offset by 0.9 dB

Despite these interesting observation, the only conclusion that can be made is the one mentioned that DUT in these various datasets exhibit a significant variation.  Therefore, it is difficult to conclude if  these datasets were intentionally biased in anyway, or if they represented a randomly selected population. 

2.2. Data from Independent source

Recently, an independent authority studied mobile phone radiation performance [6]. They studied 26 common phone models and we copy the results for UMTS band 1 below in table 1. 
Table 1 - Independent BHH measurement results for BHH for UMTS band 1. 

	Phone model 
	UMTS2100 

	 
	BHHL
	BHHR
	BHH
	Limit
	Margin

	DORO Phone Easy 530X 
	12.7
	11.1
	12.0
	13.25
	-1.3

	Microsoft Lumia 640 
	15.3
	13.5
	14.5
	13.25
	1.2

	Microsoft Lumia 650 
	11.8
	11.7
	11.8
	13.25
	-1.5

	Sony Xperia Z3 Compact 
	12.1
	10.7
	11.5
	13.25
	-1.8

	Xiaomi Mi5 
	14.0
	9.7
	12.4
	13.25
	-0.9

	HTC Desire 626 
	11.1
	12.8
	12.0
	13.25
	-1.2

	Samsung Galaxy S7 Edge 
	14.8
	15.5
	15.2
	13.25
	1.9

	Samsung Galaxy J1 
	11.5
	8.7
	10.3
	13.25
	-2.9

	Sony Xperia Z5 compact 
	12.8
	14.9
	14.0
	13.25
	0.7

	Huawei Y360 
	11.8
	12.8
	12.3
	13.25
	-0.9

	Samsung Galaxy S5 mini 
	11.1
	9.8
	10.5
	13.25
	-2.8

	Sony Xperia Z5 
	14.7
	13.4
	14.1
	13.25
	0.8

	HTC 10 
	7.0
	11.1
	9.5
	13.25
	-3.7

	Samsung Galaxy S6 Edge+ 
	14.3
	10.1
	12.7
	13.25
	-0.6

	DORO Liberto 825 
	10.6
	12.1
	11.4
	13.25
	-1.8

	Nexus 6P 
	8.8
	9.8
	9.3
	13.25
	-3.9

	Huawei Honor 7 
	12.7
	13.0
	12.9
	13.25
	-0.4

	Samsung Galaxy S7 
	15.6
	13.7
	14.8
	13.25
	1.5

	Microsoft Lumia 950 
	12.9
	7.4
	11.0
	13.25
	-2.3

	Huawei P9 
	11.6
	13.0
	12.4
	13.25
	-0.9

	Nexus 5X 
	13.1
	7.6
	11.2
	13.25
	-2.1

	LG G5 
	6.0
	2.4
	4.6
	13.25
	-8.7

	Apple iPhone SE 
	3.6
	-3.0
	1.4
	13.25
	-11.8

	Apple iPhone 6 
	8.4
	6.5
	7.6
	13.25
	-5.7

	Apple iPhone 6S 
	10.4
	4.7
	8.4
	13.25
	-4.8

	Apple iPhone 6S plus 
	7.5
	2.4
	5.7
	13.25
	-7.6


 It is somewhat surprising that only five model would pass the conformance limit. Adding this independent data to the frequency plots reveal that the peak width again is almost the same but the peak is centered much lower. 
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Figure 4 - Operator, vendor and independent data source frequency plots of UMTS BHH band 1

Summarising this back look at UMTS, we can conclude that the measurement result based method has some uncertainty. It is difficult to conclude why these results are so different but it is known that especially OTA measurements results have large variations. When going in to LTE work, measures to ensure that data is representative of full population must be taken since it is expected that not as much data will be available for each band.

2.3.   LTE work
To ensure the OTA requirements have reliable source, we would prefer to follow the method described in [6]. It proposes that we estimate the antenna efficiency based on UMTS requirements and apply that for LTE bands and properly take in to account the performance degradation for the bands that are on the edges of the frequency range.
By calculating radiated loss from agreed performance requirements and conducted requirements, we can come up with the assumed antenna + BHH loss:
Table 2 - Calculation of assumed BHH antenna loss for UMTS

	
	 

Conducted
	Assumed antenna loss

	Band
	TRP avg.
	Pout
	TX

	I
	13.25
	24
	10.75

	II
	13.25
	24
	10.75

	V
	9.4
	24
	14.6

	VIII
	9.4
	24
	14.6


We are only using the transmit side to calculate the assumed antenna loss since in a device, the conducted output power is set very accurately to 24 dBm. On the receive side, the conducted sensitivity may vary from device to device since the resulting performance is impacted by passive losses in the front end and possible margin in performance does not degrade the device current consmption in any way  
Applying these numbers to LTE with correction factor for lower lowbands 0.7 dB and high bands -0.7 dB and ultra highbands -1.5 dB and 1.5 GHz bands 0.5 dB  we get TRP and TRS values for LTE. 
Table 3 - LTE TRP and TRS values based on assumed UMTS antenna+BHH loss

	E‑UTRA Operating Band
	Sensitivity [dBm]
	 Pout [dBm]
	Antenna loss [dB]
	TRP [dBm]
	TRS [dBm]

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	1
	-97
	23
	10.75
	12.25
	-86.25

	2
	-95
	23
	10.75
	12.25
	-84.25

	3
	-94
	23
	10.75
	12.25
	-83.25

	4
	-97
	23
	10.75
	12.25
	-86.25

	5
	-95
	23
	14.6
	8.4
	-80.4

	6
	-97
	23
	14.6
	8.4
	-82.4

	7
	-95
	23
	10.05
	12.95
	-84.95

	8
	-94
	23
	14.6
	8.4
	-79.4

	9
	-96
	23
	14.6
	8.4
	-81.4

	10
	-97
	23
	14.6
	8.4
	-82.4

	11
	-97
	23
	11.25
	11.75
	-85.75

	12
	-94
	23
	15.3
	7.7
	-78.7

	13
	-94
	23
	15.3
	7.7
	-78.7

	14
	-94
	23
	15.3
	7.7
	-78.7

	17
	-94
	23
	15.3
	7.7
	-78.7

	18
	-97
	23
	14.6
	8.4
	-82.4

	19
	-97
	23
	14.6
	8.4
	-82.4

	20
	-94
	23
	14.6
	8.4
	-79.4

	21
	-97
	23
	11.25
	11.75
	-85.75

	22
	-94
	23
	9.25
	13.75
	-84.75

	23
	-97
	23
	10.05
	12.95
	-86.95

	24
	-97
	23
	11.25
	11.75
	-85.75

	25
	-93.5
	23
	10.75
	12.25
	-82.75

	26
	-94.56
	23
	14.6
	8.4
	-79.96

	27
	-95
	23
	14.6
	8.4
	-80.4

	28
	-95.5
	23
	14.6
	8.4
	-80.9

	33
	-97
	23
	10.75
	12.25
	-86.25

	34
	-97
	23
	10.75
	12.25
	-86.25

	35
	-97
	23
	10.75
	12.25
	-86.25

	36
	-97
	23
	10.75
	12.25
	-86.25

	37
	-97
	23
	10.75
	12.25
	-86.25

	38
	-97
	23
	10.05
	12.95
	-86.95

	39
	-97
	23
	10.75
	12.25
	-86.25

	40
	-97
	23
	10.05
	12.95
	-86.95

	41
	-95
	23
	10.05
	12.95
	-84.95

	42
	-96
	23
	9.25
	13.75
	-86.75

	43
	-96
	23
	9.25
	13.75
	-86.75

	44
	-95
	23
	15.3
	7.7
	-79.7

	45
	-97
	23
	11.25
	11.75
	-85.75

	65
	-96.5
	23
	10.75
	12.25
	-85.75

	66
	-96.5
	23
	10.75
	12.25
	-85.75

	68
	-95.5
	23
	15.3
	7.7
	-80.2

	70
	-97
	23
	10.75
	12.25
	-86.25


The values for antenna loss have been adjusted based on frequency. We encourage 3GPP to accept this method for its reliability and huge potential for saving work effort.

3. Conclusion

Problems with measurement result based method was discussed and uncertainty was shown to be large. A method which would be based on agreed UMTS numbers and LTE conducted requirements was presented and values for all LTE bands were calculated in table 3.
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