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1 Introduction

In a number of FR2 transmitter test cases there is a testability issue resulting in a relaxation of the core requirement by an amount R to ensure sufficient SNR in the TE measurement. 

In these test cases relaxation R and Test tolerance TT are summed up. The purpose of this paper is to show that the addition of R and TT in the test requirement results in a test case that is more relaxed than necessary and that the test requirements in many cases can be improved.

Only the ACLR and Minimum output power test cases are analyzed in this paper.

2 Discussion
2.1 Minimum output power
2.1.1 Current test case
It is previously agreed in RAN5 that the TE noise floor is -10.6 dBm / 400 MHz for FR2a min power test, and that an SNR of at least 6 dB is required for proper testing. 
The minimum output power requirement is -13 dBm meaning there is a need to relax the requirement by (-10.6+6) - (-13) = 8.4 dB for FR2a 400 MHz.

In 38.521-2 the test requirements are:

[image: image1.emf]Table 6.3.1.5 - 2: Minimum output power for power class 2, 3, and 4  

Operating band  Channel bandwidth   (MHz)  Minimum output power   (dBm)  Measurement bandwidth   (MHz)  

n257, n258, n261  50  - 13+TT  47.58  

100  - 13+2.4+TT  95.16  

200  - 13+5.4+TT  190.20  

400  - 13+8.4+TT  380.28  

n260  50  - 13+4.5+TT  47.58  

100  - 13+7.5+TT  95.16  

200  - 13+10.5+TT  190.20  

400  - 13+13.5+TT  380.28  

NOTE 1:   Core requirement cannot be tested due to testability issue and test requirement includes  relaxation to  achieve impact from test system noise to measurement result = 1.0 dB (Minimum requirement +  relaxation).  

 


The TT is defined as TT = 0.65 x (MTSUIFF – 1.0) = 3.35 dB (TS38.521-2 Annex F.3.2)

The MTSU is 6.15 dB for PC3 (TS38.521-2 Annex F.1.2)

In the TT calculation, the influence of noise is subtracted. This is something that should be done in lower limit test cases like MOP, MPR since the influence of noise cannot make a good UE fail. The min power test is however an upper limit test case so the influence of noise should be kept in the TT.
As in all RF test cases, the only reason for adding TT in the test requirements is to ensure that a good UE does not fail due to MU. However, since we already apply the relaxation R, we need to analyze if there is a risk to fail a good UE if TT is not included.
Example 1 (400 MHz FR2a marginal UE):


R = 8.4 dB


MTSU = 6.15 dB at relaxed requirement level (5.15 dB without noise)


TE Noise = -10.6 dBm


TT = 3.35 dB


Test Requirement = -13 + 8.4 + 3.35 = -1.25 dBm 

Worst case (from UE point of view) measured signal = -13 dB + 5.15 dB = -7.85 dBm


Signal + noise = 10log( 10(-7.85/10) + 10(-10.6/10) ) = -6 dBm
Observation 1: In the current test, if a marginal UE have maximal bad luck (test system MU = +5.15 dB), it will still pass the test with 4.75 dB margin. 
Observation 2: In this example, even if TT = 0 there is zero risk of failing a good UE meaning TT = 0 dB is reasonable to apply since relaxation is large.  
2.1.2 New approach for R and TT
After it is shown in previous section that for large R there is no need of extra TT, it needs to be determined what to do if R is smaller. 
As a recap, MU is defined with a 95% confidence level assuming normal distribution (MU = 2 sigma). This means that for a single sided requirement the risk of failing a good UE is 2.5% with TT=MU. If we decrease the TT to 0.65*MU we get a 10% risk of failing a good UE [1]. 
In MU calculations, the influence of noise as defined in TR38.903 is treated as a constant systematic offset, and it is hence not suitable to include when determining the UE fail rate based on statistical analysis (target 10%). 
Also, the influence of noise is calculated assuming the relaxed requirement level where SNR is 6 dB (deltaSNR=1 dB). When calculating TT the risk of failing a good UE is important to keep in mind. From this perspective it is not the noise level at the relaxed power level that is of interest, but the noise impact at the core requirement level (i.e. for a marginal UE transmitting exactly at core requirement level). 
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Figure 1: Expected distribution of measurements for a marginal UE transmitting with -13 dBm. In blue curve, the noise impact is considered (-10.6 dBm resulting in a systematic offset of 4.4 dB for the measured signal)
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Figure 2: CDF for the measurements including noise. 90%-ile is at -5.3 dBm meaning this is the appropriate test requirement to use.
As seen in figure 2 above, the test requirement can be set to -5.3 dBm if we aim for a 10% fail rate which is what RAN5 have used before when deciding TT of many Tx test cases. This means that the test requirement can be set 4 dB stricter than in the current test case. However, at this requirement level the TE SNR is only 5.3 dB and not 6 dB as previously agreed. It is therefore suggested that this is considered by setting a lower limit on the total test requirement relaxation equal to R so that the TE SNR can always be guaranteed. 

The following formula for calculating TT (including R) is proposed:

TT = max(R, deltaSNRcore_req + 0.65*MTSUIFF,noisefree)









(Equation 1)
The changes in test requirements when applying equation 1 are indicated in table 1 below. 
Table 1: Test requirements before and after changes proposed
	Operating band
	Channel bandwidth

(MHz)
	R+TT in current test case
(dBm)
	TE noise (dBm)
	SNRcore_req (dB)
	deltaSNRcore_req (dB)

(Note 1)


	TT proposed Equation 1 (dBm)

	n257, n258, n261
	50
	TT = 3.35
	-19.6
	6.6 
	0.86
	4.21 (+0.86)

	
	100
	2.4+TT = 5.75
	-16.6
	3.6
	1.57
	4.92 (-0.83)

	
	200
	5.4+TT = 8.75
	-13.6
	0.6
	2.71
	5.4 (-3.35)

	
	400
	8.4+TT = 11.75
	-10.6
	-2.4
	4.35
	8.4 (-3.35)

	n260
	50
	4.5+TT = 7.85
	-14.5
	1.5
	2.32
	5.67 (-2.18)

	
	100
	7.5+TT = 10.85
	-11.5
	-1.5
	3.82
	7.5 (-3.35)

	
	200
	10.5+TT = 13.85
	-8.5
	-4.5
	5.82
	10.5 (-3.35)

	
	400
	13.5+TT = 16.85
	-5.5
	-7.5
	8.21
	13.5 (-3.35)

	Note 1: deltaSNR = 10log(1+10-SNR/10)


As TT traditionally has been the value that contains the complete offset from minimum requirements to test requirements, it is beneficial to reasonable to keep this approach and thereby including R in TT. Currently TT is defined in Annex F and R is defined inside the test case. This separation makes it difficult to combine the two as in equation 1 above, so it is proposed to move R to Annex F.  

Proposal 0: Re-define TT so that it includes the relaxation value R. 

Proposal 1: Use equation 1 from this paper as the formula for deriving TT in min power test case
2.2 ACLR 
2.2.1 Current test case
It is previously agreed in RAN5 that the TE noise floor is -7.6 dBm / 400 MHz in Fr2a ACLR test (3 dB higher than in min power test case), and that an SNR of at least 6 dB is required for proper testing [3]. 
The worst case from testability point of view occurs when MPR is highest (6.5 dB for 64QAM DFT-s-OFDM). MPR is even higher for 64QAM CP-OFDM but this case is not tested.  

Relaxation R:

The worst case for FR2a 400 MHz is:

UE Carrier power (CP) =  minEIRP – MBR – MPR – T(MPR) = 22.4 – 0.75 – 6.5 – 5  = 10.15 dBm 
UE Adjacent Channel power (ACP) =  CP – 17 = -6.85 dBm (SNR = 0.75 dB)
This means that a relaxation R of 5.25 dB is needed to reach the target SNR of 6 dB for ACP. This is rounded up to 5.5 dB (TS38.521-2 Table 6.5.2.3.5-1c)
Test Tolerance (TT):
The MTSU is 6.09 dB for FR2a PC3 400 MHz (TS38.521-2 Annex F.1.2)

The TT is defined as TT = 0.65 x (MTSUIFF) + 1 dB = 4.96 dB (TS38.521-2 Annex F.3.2)

Example 1 (400 MHz, FR2a, test ID 10-12, marginal UE):

R = 5.5 dB


MTSU = 6.09 dB at relaxed requirement level (5.09 dB without noise)


TE Noise = -7.6 dBm


TT = 4.96 dB


Worst case ACLR measurement (noisefree) = 17 – 5.09 = 11.91 dB

Noise impact on ACP measurement (deltaSNR) = 10log(1+10-0.75/10) = 2.65 dB

Worst case ACLR measurement =  11.91 – 2.65 = 9.26 dB

Test requirement = 17- R- TT = 17 – 5.5 – 4.96 = 6.54 dB
Observation 3: In the current test, if a marginal UE have maximal bad luck (test system MU = -5.09 dB), it will still pass the test with 2.72 dB margin. 

Observation 4: The MU for the relative ACLR measurement in TR38.903 is 5.09 dB compared to 5.15 dB for the absolute min power measurement, a very minor difference. In general, the relative uncertainties are often much smaller than absolute uncertainties in RAN5 meaning there may be room for optimization of the ACLR MU.  
2.2.2 New approach for R and TT
If the goal of the TT analysis is set so that we want a max fail rate for a marginal UE equal to no more than 10% we can re-use the TT formula in Equation 1 with one change to include the additional effect of TRP to EIRP conversion of 1 dB.

TT = max(R, deltaSNRcore_req + 0.65*MTSUIFF,noisefree) + 1









(Equation 2)
If assuming a marginal UE the UE will transmit ACP at -6.85 dB in the example case used in previous section. DeltaSNR becomes 2.65 dB and TT = 2.65+0.65*5.09 + 1 = 6.95 dB. This is an improvement of 3.5 dB in the test requirement while still ensuring a TE SNR of 6 dB in the ACP measurement.
The changes in test requirements when applying equation 2 are indicated in table 2 below. 

Table 2: ACLR Test requirements for FR2a before and after changes proposed
	Test ID
	CBW

(MHz)
	R+TT in current test case

(dBm)
	ACP (dBm)

minEIRP – MBR – MPR – T(MPR) - 17
	TE noise (dBm)
	SNRcore_req (dB)
	ΔSNRcore_req (dB)

(Note 1)


	TT proposed Equation 2 (dBm)
	Alternative TT definition if keeping R separate (Note 2)

	1-6
	50
	TT = 4.66
	22.4-0.75–2–1.5-17= 1.15
	-16.6
	17.75 
	0.07
	4.38 (-0.28)
	4.38 

	
	100
	TT = 4.96
	
	-13.6
	14.75
	0.14
	4.45 (-0.51)
	4.45

	
	200
	TT = 4.96
	
	-10.6
	11.75
	0.28
	4.59 (-0.37)
	4.59

	
	400
	TT = 4.96
	
	-7.6
	8.75
	0.54
	4.85 (-0.11)
	4.85

	7-9
	50
	TT = 4.66
	22.4-0.75–3.5–3-17= -1.85
	-16.6
	14.75
	0.14
	4.45 (-0.21)
	4.45

	
	100
	TT = 4.96
	
	-13.6
	11.75
	0.28
	4.59 (-0.37)
	4.59

	
	200
	TT = 4.96
	
	-10.6
	8.75
	0.54
	4.85 (-0.11)
	4.85

	
	400
	2.5+TT = 7.46
	
	-7.6
	5.75
	1.02
	5.33 (-2.13)
	2.83

	10-12
	50
	TT = 4.66
	22.4-0.75–6.5–5-17= -6.85
	-16.6
	9.75
	0.44
	4.74 (+0.08)
	4.74

	
	100
	TT = 4.96
	
	-13.6
	6.75
	0.83
	5.14 (+0.18)
	5.14

	
	200
	1.5+TT = 6.46
	
	-10.6
	3.75
	1.53
	5.84 (-0.62)
	4.34

	
	400
	5.5+TT = 10.46
	
	-7.6
	0.75
	2.65
	6.95 (-3.5)
	1.45

	13-15
	50
	TT = 4.66
	22.4-0.75–4–3-17= -2.35
	-16.6
	14.25
	0.16
	4.47 (-0.19)
	4.47

	
	100
	TT = 4.96
	
	-13.6
	11.25
	0.31
	4.62 (-0.34)
	4.62

	
	200
	TT = 4.96
	
	-10.6
	8.25
	0.61
	4.91 (-0.05)
	4.91

	
	400
	3+TT = 7.96
	
	-7.6
	5.25
	1.13
	5.44 (-2.52)
	2.44

	Note 1: ΔSNR = 10log(1+10-SNR/10)

Note 2: In case it is needed to keep R as a separate term in the test case, an alternative TT has been calculated where R is excluded
	


Proposal 2: Use equation 2 from this paper as the formula for deriving TT in ACLR test case
Observation 5: The updated TT results in minor changes for test points without relaxation, but a large improvement for test points with relaxation 
Proposal 3: Further investigate if the MU for ACLR can be reduced considering that MU components may cancel out in a relative measurement
3 Proposal

Proposal 0: Re-define TT so that it includes the relaxation value R. 

Proposal 1: Use equation 1 from this paper as the formula for deriving TT in min power test case

Proposal 2: Use equation 2 from this paper as the formula for deriving TT in ACLR test case
Proposal 3: Further investigate if the MU for ACLR can be reduced considering that MU components may cancel out in a relative measurement
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