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1. Introduction
In RAN4#75-OTA-TRP/TRS-AH Venice the band dependency of minimum of the minimum requirement for TRP and the maximum of the minimum requirement for TRS was agreed to be studied [1]. The aim was to close this point in RAN4#76. This paper discusses aspects for the min-min and min-max spec. 
2. Discussion
The min-min requirement was discussed in [2] and according to the data, 40 % of the devices have delta equal or larger than 3 dB. In the same contribution, the example table indicates that there may be large difference between BHHL and BHHR results for TRP. We would like to discuss similar aspects for TRS min-max. 
2.1. Frequency responce of output power (TRP)
Conducted output power (TRP) can be controlled with a closed loop system or it can be calibrated to minimise IL variations in the FE components. There are even implementations where the forward output power can be adjusted based on information on detected momentary antenna impedance. The system can be further utilised by manually adjusting conducted power for each channel to compensate antenna frequency responce. 
2.2. Frequency responce of sensitivity (TRS)
For TRS which is dependent on minumum receiver noise figure, there are no such compensation systems described in the previous sub-section. LNA noise figure can be adjusted with bias current but the impact is only a small fraction of dB. Sensitivity frequency responce is therefore directly dependent on FE frequency responce and TRS is dependent on that combined with antenna frequency responce.

Most dominant frequency selective components in FE are filters. The frequency responce in normal conditions in typical sample is shown in black in Figures 1 (a) and (b). Dashed blue and green curves represent +/- 30 ppm production variation in resonator frequency. Observing the delta between edge IL and center IL we see that it can be  2.35 and 3 dB for bands 2 and 8. The min-max specification is defined as minimum from average. The data from the examples is tabulated in to the Table 1.

Table 1 Conducted frequency delta

	[dB]
	Channel
	
	

	
	Low
	Mid
	High
	Average
	Delta

	Band 2
	-4.7
	-2.3
	-2.6
	-3.2
	-1.5

	Band 8
	-4.8
	-1.9
	-2.5
	-3.1
	-1.7


It should be noted that values are taken from point frequencies but for power measurement, IL is averaged for 3.84 MHz signal BW. Table 1 can therefore be consider as worst case. 
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Figure 1 Duplexer receive path frequency responses

RAN4 is discussing if delta should be 2 or 3 dB. For total TRS, antenna, LNA and possible diplexer frequency response need to be added. These components are shared with other bands and response may not be as steep, it is likely that 3 dB is enough to cover frequency dependent variation of TRS.
2.2.1. Delta from BHHL and BHHR

In [2], it was discussed that difference between average performance in BHHL and BHHR in presented examples is 3.4, 5.4 and 1.0. It was further discussed what kind of samples will fail with different delta specification. In these examples, where variation is small, absolute value of TRP was small. So even for delta 3 dB, one out of three samples would fail.
We provide our examples of three cases of TRS measurements for discussion in Table 2. Observing the second column from right which represent the frequency dependence of TRS we can observe that the difference is well below 3 dB and even 2 dB. Explanation for the good performance is that the data is taken on from band 1 where frequency variation is small. However, observing the last column in right which represents delta according to existing definition we observe that including BHHL and BHHR in the delta, the difference become larger and would fail the specs. The difference between BHHL and BHHR average TRS on DUT8 is 9.1 dB.   
Table 2 BHHR&L from three example cases in band 1

	 
	 
	Channel
	Average
	Delta

	 
	 
	Low
	Mid
	High
	BHHL&R Separately
	Both
	BHHL&R Separately
	Both

	DUT7
	BHHL
	-103.7
	-102.9
	-101.3
	-102.6
	-102.0
	-1.1
	-1.7

	
	BHHR
	-102.3
	-101.8
	-99.9
	-101.3
	
	-0.9
	

	DUT8
	BHHL
	-94.9
	-94.9
	-94.4
	-94.7
	-99.3
	-0.2
	-4.9

	
	BHHR
	-103.4
	-104.2
	-103.9
	-103.8
	
	-0.4
	

	DUT9
	BHHL
	-103.4
	-104.7
	-104.7
	-104.2
	-104.3
	-0.5
	-0.5

	
	BHHR
	-104.3
	-104.3
	-104.8
	-104.4
	
	-0.4
	


Using the delta, or min-max, as representative requirement for difference between the average and minimum performing channel is wrong. RAN4 should discuss requirement for difference between average performance on BHHL and BHHR positions separately from the worst channel performance requirement in either BHHL and BHHR. Ran4 should also acknowledge that frequency variation is larger for TRS than it is for TRP.  

3. Conclusion

Sources for variation in conducted output power and sensitivity was discussed. Conclusion was drawn that receiver performance will have more frequency variation than transmitter.
Difference between BHHL and BHHR performance was discussed and that compared to frequency (worst channel) variation. It was observed that difference between BHHL and BHHR performance is larger than the difference between worst channel performance compared to average performance measured separately in BHHL and BHHR positions. It was recommended that requirements for the difference between BHHL and BHHR and frequency variation should be discussed separately.
Reference

[1] R4-75AH-TRPS-0018, “Way Forward on TRP/TRS framework discussion”, Nokia Networks, Vodafone, Telecom Italia, Orange, Intel, Microsoft, Sony, Motorola Mobility, Blackberry, NTT Docomo, Qualcomm, Rohde & Schwarz, Verizon, 3GPP RAN4#75-OTA-TRP/TRS-AH, Venice, Italy, 1 July – 3 July, 2015
[2] R4-75AH-TRPS-0007, “Investigation of Minimum minimum requirement”, NTT DOCOMO, INC., 3GPP TSG-RAN WG4 #75-OTA-TRP/TRS -AH
Venice, 1st – 3rd, July, 2015

1
3

