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1 Introduction

During RAN5-88e an action point was raised:

	Action ID
	sWG
	Action
	Responsible
	Relevant Tdoc
	Deadline
	Status

	AP#88e.22
	RF
	Analyze the value of the, FR2 time mask tests with OFF power relaxation, taking into account they don’t belong to regulatory specifications
	E///, Nokia, Huawei, DISH, Orange, DCM, CMCC, China Unicom, TMO, AT&T, Verizon, Samsung
	R5-187480

R5-204741

R5-204278r3
	RAN5#89e
	Open


The purpose of this paper is to analyze the testability issues that exist in this test case and conclude if the test is still of value from a network performance point of view. 

2 Discussion
2.1 Background

At RAN5#81, Ericsson had a discussion paper [1] that highlighted that the ON/OFF time mask for NR FR1 is defined in a way that a bad UE will pass. In an example presented in the paper a UE with 20 times worse power ramping than the requirement still passed the ON power requirement. On of the problems in the test method is that it relies on absolute power control for the ON power, and one proposal in the paper was to use relative power control instead to decrease the UE output power allowance in the test. This proposal has not yet been included in the test case. The paper [1] focused on the power ramping impact on ON power, and not for OFF power. 
For FR2, there is a need to analyse both ON power and OFF power measurements inside the test case considering the testability issue when measuring low power.

2.2 RAN4 requirements 
General ON/OFF time mask requirements in TS38.101-2:


[image: image1]
Observation 1: The requirement is not defined as measuring actual power ramping and comparing against a time mask, but using an indirect measurement of ON power and OFF power averaged during a slot duration. In order for a non-compliant power ramping to affect the average ON power over one slot the ramping need to be quite long.
2.3 Testability issue

According to [2], the test equipment (TE) with current defined test methods cannot measure OFF power due to that the TE noise floor is high. 

Therefore, it has been agreed to test against a less strict OFF power limit that can be detected by the TE using a relaxation R of the test requirements.

From 38.521-2 test case 6.3.3: 

6.3.3.2.5
Test requirement

The requirement for the EIRP measured in steps 4, 5 and 6 of the test procedure shall not exceed the values specified in Table 6.3.3.2.5-1 and 6.3.3.2.5-2.

Table 6.3.3.2.5-1: Test requirement of OFF power of General ON/OFF time mask

	
	Channel bandwidth / minimum output power / measurement bandwidth

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	Transmit OFF power
	≤ -30+TT+R dBm

	Transmission OFF Measurement bandwidth
	47.52 MHz
	95.04 MHz
	190.08 MHz
	380.16 MHz

	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 R).

NOTE 2:
Relaxation R is specified in Table 6.3.3.2.5-5.


Table 6.3.3.2.5-2: Test requirement of ON power of General ON/OFF time mask

	
	SCS 
	Channel bandwidth / measurement bandwidth

	
	[kHz]
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	Expected Transmission ON 
	60
	22.1
	21.1
	22.1
	N/A

	power for DFT-s-OFDM
	120
	22.1
	21.1
	22.1
	21.1

	Power tolerance
	± (14+TT)dB

	Note 1:
The lower power limit shall not exceed the minimum output power requirements defined in sub-clause 6.3.2.3, and the higher power limit shall not exceed the Max EIRP defined in sub-clause 6.2.1.3.


Table 6.3.3.2.5-3: Test Tolerance for OFF power

FFS

Table 6.3.3.2.5-4: Test Tolerance for ON power

FFS

Table 6.3.3.2.5-5: Relaxation required for OFF power for PC3 UEs

	Operating band
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	n257, n258, n261
	[19.4] dB
	[22.4] dB
	[25.4] dB
	[28.4] dB

	n260
	[21.5] dB
	[24.5] dB
	[27.5] dB
	[30.5] dB


The relaxation R comes from an assumed TE noise floor at -7.6 dBm / 400 MHz for FR2a and is calculated so that an SNR of 6 dB is achieved at the relaxed requirement level. R = (-7.6 + 6) – (-30) = 28.4 dB.

The test limit for OFF power is ≤ -30+TT+R dBm, meaning that despite a 20-30 dB relaxation of OFF power measurement, TT is still included. In general, the reason for adding TT in a test case is to ensure that a compliant UE does not fail. However, in this case there has already been a 20-30 dB relaxation applied meaning it is not appropriate to further relax by including TT. Even if the actual measurement error is + 5 dB (worst case from UE point of view assuming MU=5 dB), the UE power + Noise measurement can not result in failing a good UE if TT=0 as shown in examples below. In the examples it has been assumed that the noise is added at the TE input.

Example (CBW = 400 MHz, FR2a, MU=5dB, TT=0):

UE OFF power -30 dBm (marginally good UE)

TE noise = -7.6 dBm

Measurement error = +5 dB

Input signal to TE = 10*log(10^(-30/10)+10^(-7.6/10)) = -7.57 dBm

Limit = -30 + 0 + 28.4 = -1.6

Measured power = -7.57 + 5 = -2.57 dBm (<limit, PASS)

Example (CBW = 50 MHz, FR2a, MU=5dB, TT=0):

UE OFF power -30 dBm (marginally good UE)

TE noise = -7.6 dBm -10log(400/50) = -16.6 dBm
Measurement error = +5 dB

Input signal to TE = 10*log(10^(-30/10)+10^(-16.6/10)) = -16.4 dBm

Limit = -30 + 0 + 19.4 = -10.6

Measured power = -16.4 + 5 = -11.4 dBm (<limit, PASS)

Observation 2: As long as the TE SNR is > MU at relaxed requirement level, a good UE can never fail the test even if TT=0 

Proposal 1: Apply TT=0 in the OFF power measurement inside ON/OFF time mask test case 
2.4 FR2 General ON/OFF time mask test case

The test case measures the ON power during one slot, and the OFF power during the slot before and after PUSCH transmission.

The nominal ON power in the test is 22.1 dBm, with a lower limit of 22.1-14-TT dBm. MU and TT are not decided yet, but TT is assumed to be around 3 dB (TT=0.65*MU). Then the lower limit of ON power becomes 5 dBm
The OFF power requirement is -30 dBm, with a upper limit of -30 + TT dBm if neglecting the relaxation needed due to testability issue. MU is defined in Annex F.1.2 of TS38.521-2 as [6.15 dB], and again assuming TT=0.65*MU, the upper limit becomes -30+6.15*0.65=-26 dBm.

Now, if considering the required relaxation due to testability issue for the best case in FR2a and 50 MHz CBW ([19.4 dB] relaxation), and TT=0 as proposed in section 2.3, the OFF power upper limit becomes -10.6 dBm. The worst case OFF power limit (400 MHz, FR2b) becomes -30+30.5 = 0.5 dBm.
Observation 3: The allowed difference between ON power and OFF power may in worst case be as low as 4.5 dB 
2.5 UE power ramping example
Some examples of UE ramping times are presented in this section, assuming a marginal UE from stationary ON power (22.1 -14 = 8.1 dBm) and OFF power (-30 dBm) point of view. 
By doing this, it is possible to find the impact on ON and OFF power measurements from different UE power ramping times. A hypothetical UE is that ramps up and down linearly (in Watts) starting at the slot border is used. MU including testability issues are not considered here.
[image: image6.emf]6.3.3.2   General ON/OFF time mask   The general ON/OFF time mask defines the observation period allowed between transmit OFF and ON power.   ON/OFF scenarios include :   contiguous, and non - contig uous transmission, etc   The OFF power measurement period is defined in a duration of at least one slot excluding any transient periods. The  ON power is defined as the mean power over one slot excluding any transient period.     Figure 6.3.3.2 - 1: General ON/OF F time mask for NR UL transmission in FR2  
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Figure 1: 5 us ramping period. ON power impact -0.1 dB, OFF power impact 0 dB

[image: image3]
Figure 2: 10 us ramping period. ON power impact -0.2 dB, OFF power impact +17.4 
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Figure 3: 20 us ramping period. ON power impact -0.4 dB, OFF power impact +24.5 dB

Now that the power offset due to UE power ramping is estimated, it is possible to judge how this impacts the test result.

UE power ramping has very little impact on ON power meaning if the UE does non-compliant power ramping inside the PUSCH slot it will not be detected by the test. Even if 20 us (2 complete ODFM symbols) out of the 125 us slot is destroyed due to ramping, it will not be detected in this test case (only 0.4 dB ON power impact, see figure 3). Such a UE would not even pass a functional lab test with high order modulation. This makes the ON power subtest redundant with the current test method.

Observation 4: The ON power measurement inside ON/OFF time mask test case as defined today is of little value to detect non-compliant UE power ramping.

However, UE power ramping has a large impact on OFF power if the UE ramping falls outside the 5 us transient period. If the UE ON->OFF transient period is 10 us (figure 2), the OFF power will increase by +17.4 dB. This means the OFF power check is very useful to detect non conformant UEs that ramp down too slow after a PUSCH transmission.

2.6 Relaxation for OFF power due to testability issue

As stated in [2], the TE noise floor is high meaning OFF power cannot be measured, so the test limits need to be relaxed by a large amount for the test to work (without relaxation all UEs will fail due to too high OFF power at the TE noise floor). 

The needed relaxation for FR2a and 50 MHz is [19.4] dB caused by a -16.6 dBm noise floor.

If we now consider this TE noise floor, the 3 different UE examples in section 2.5 can be evaluated. Since the actual UE ON power affects the OFF power measurement, two different UE power levels are included.
Table 1: UE OFF power measurement outcome including TE noise but not MU 

	UE transient period [us]
	Actual UE ON power[dBm]
	Actual UE OFF power[dBm]
	Actual UE OFF power[dBm] + TE noise
	VERDICT 

(limit -10.6 dBm, assuming ideal measurement)

	5
	8.1 (marginal UE)
	-30
	-16.4
	PASS

	10
	
	-12.6
	-11.2
	PASS

	20
	
	-5.5
	-5.1
	FAIL

	5
	21.1 (nominal power)
	-30
	-16.4
	PASS

	10
	
	0.3
	0.4
	FAIL

	20
	
	7.5
	7.5
	FAIL


Observation 5: The very large relaxation due to TE noise has a smaller impact on the measurement result for a non-compliant UE than expected. This is explained by the fact that the few samples in the beginning with high power has a large weight in the power averaging during the slot. This effect depends on the shape of the ramp though, linear (in Watts) ramp is probably not the most realistic ramp shape.
Observation 6: With the testability issue it is not possible to verify that the UE has ramped all the way down to -30 dBm within the transient time, but it can be verified that the UE has at least ramped down from 21.1 dBm to ~12 dBm after the transient period and to ~-16 dBm (the TE noise level) a few us after that. 
Proposal 2: Since the ON power measurement is not useful, focus on the OFF power measurement instead. Ensure that ON power is at max power (min peak EIRP), which will improve the OFF power measurement (make non-conformant trransients more visible).
2.7 Method to reach higher UE ON power

In order to ensure a higher ON power transmitted by the UE, there is a need to move away from using absolute power control. A procedure relying on relative power control and aggregate power control requirements can achieve this, which is illustrated in figure 4.
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Figure 4: Test procedure steps to reach ON-OFF transitions where ON power is high. The lower limit 22.4 is a simplification for illustration, multi-band relaxation needs to be considered as well (MPR can be assumed to be 0 dB).

Proposal 3: Use new test method with relative + aggregate power control in the ON/OFF time mask test procedure (as in figure 4)

This means that the ON power window as measured by the TE will be much higher than the current test which could introduce problems in the TE causing degradation of OFF power measurement capability (higher noise floor). The upper limit depends on achievable power window for relative power control which is currently undefined for FR2. 

From test procedure of test case 6.4.2.3:

1.4
Send the appropriate TPC commands in the uplink scheduling information to the UE until UE output power is Preq + PW ± PW, where Preq is the power level specified in Tables 6.4.2.3.4.2-1 according to the power class with power ID = 1. PW is the power window according to Table 6.4.2.3.4.2-2 for the carrier frequency f and the channel bandwidth BW. Allow at least BEAM_SELECT_WAIT_TIME (NOTE 2) for the UE Tx beam selection to complete.
…

Table 6.4.2.3.4.2-2: Power Window (dB) for In-band emissions PUSCH and PUCCH

TBD
Proposal 3b: Since the test will be done at max power if proposal 3 is agreed, it is also proposed that the test points are changed so that MPR=0 dB. 
Proposal 4: TE vendors to study until next meeting the following aspects:

a) Achievable power window PW for FR2 relative power control. 
b) Whether there will be a degradation of TE noise floor if the maximum UE power can be as high as 22.4 + 2*PW in the test.
c) What is the maximum allowed UE ON power which will not degrade the current specified TE noise floor for OFF power measurement? Assess if this ON power is high enough to identify failing transient periods as shown in section 2.6.
When the outcome of proposal 4 is know, RAN5 can complete the test case. This may result in the decision to not measure ON power at all.

3 Proposal

Proposal 1: Apply TT=0 in the OFF power measurement inside ON/OFF time mask test case 

Proposal 2: Since the ON power measurement is not useful, focus on the OFF power measurement instead. Ensure that ON power is at max power (min peak EIRP), which will improve the OFF power measurement (make non-conformant transients more visible).

Proposal 3: Use new test method with relative + aggregate power control in the ON/OFF time mask test procedure (as in figure 4)

Proposal 3b: Since the test will be done at max power if proposal 3 is agreed, it is also proposed that the test points are changed so that MPR=0 dB. 
Proposal 4: TE vendors to study until next meeting the following aspects:

d) Achievable power window PW for FR2 relative power control. 

e) Wherther there will be a degradation of TE noise floor if the maximum UE power can be as high as 22.4 + 2*PW in the test.
f) What is the maximum allowed UE ON power which will not degrade the current specified TE noise floor for OFF power measurement. Assess if this ON power is high enough to identify failing transient periods as shown in section 2.6.
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