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1 Introduction

During RAN5-91e CRs [3, 4] were submitted proposing to improve the ON/OFF time mask test cases making them better in detecting non conformant UE behaviour. 

The CRs could not be agreed for two main reasons 
1) Not enough justification that the current test cases are in-sufficient considering they are already validated. 
2) The suggestion to increase the ON power puts more requirements on the TE measurable power dynamic range and noise floor. 

At the meeting an action point was raised:

	Action ID
	sWG
	Action
	Responsible
	Relevant Tdoc
	Deadline
	Status

	AP#91e.23
	RF
	Investigate improvement of UE ON power and power tolerance in FR1 time mask test cases including TE dynamic range and noise impact
	E///, R&S, China Unicom, KS, Oppo
	R5-213090, R5-213091
	RAN5#92e
	Open


The purpose of this paper is to provide justification why the test cases need to be change (part 1 of the action point above) as well as proposing how to improve the test cases. General ON/OFF time mask and SRS time mask test cases are considered.

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 (the change in ON power due to power ramping << power tolerance). 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. The CRs [3, 4] at RAN5#91-e attempted to implement the findings from [1] but those could not be agreed as already mentioned.

Later when defining FR2 ON/OFF time mask test case RAN5 have faced another problem which is the testability issue that OFF power cannot be measured without major relaxations. Due to the FR2 testability issue, RAN5 have concluded that it is important that the ON power is configured as high as possible [2]. This discussion is still ongoing and no decision is made yet whether ON power should be measured or not.   
Looking ahead, RAN4 have recently included a feature where the UE can report even shorter than 10 us transient time [5]. When RAN5 add test cases for this feature, it becomes even more important that the test is as stringent as possible.

2.2 RAN4 requirements 
General ON/OFF time mask requirements in TS38.101-1 V16.7.0:
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‘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.
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Figure 6.3.3.2-1: General ON/OFF time mask for NR UL transmission in FR1




Figure 1: Core requirement for General ON/OFF time mask
[image: image2.png]6.3.36 SRS time mask

For SRS transmission mapped to one OFDM symbol, the ON power is defined as the mean power over the symbol
duration excluding any transient period: See Figure 6.3.3.6-1

1 t
| SRSONpower

F
End of OFF power requirement Start of OFF power
requirement
requirement I I
I 1
10ps€>1 10ps , <>

Transient period Transient period

Figure 6.3.3.6-1:

ingle SRS time mask for NR UL transmission




Figure 2: Core requirement for SRS time mask

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 relative to the ON power duration.
2.3 General ON/OFF time mask discussion

2.3.1 Current test case definition

The current test case uses absolute power control to reach a target ON power of 9.7 dBm (SCS60kHz, 100 MHz example). The allowed tolerance is +/- 10.7 dB. This target level has been selected so that max power is never reached even when considering MPR of 3 dB.

The slots just before and just after the single PUSCH slot is used for OFF power measurement.
Observation 2: In order for the ON power measurement to be meaningful, the ON power impact due to non compliant UE power ramping need to be a non negligible part of the allowed tolerance of 10.5 dB. In this paper, 10% power impact is used to determine if the test is meaningful or not. 
Observation 3: The UE power ramping is to a large extent decided by the power amplifier, and the worst case is therefore expected to be at close to max output power. This worst case is not exercised by the current test case. 
2.3.2 Example on a non-compliant UEs and the impact on measurement 
To illustrate the problem of the current test case, some examples on different UE behaviour is presented in this section. SCS 60 kHz is used in the example since this results in lowest slot period of 250 us.
Example 1: Compliant UE with 10 us power ramping and no timing error
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Figure 3: Compliant UE with 10 us ramping period. ON power impact 0 dB, OFF power impact 0 dB
Example 2: Non compliant UE with too long power ramping during OFF power
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Figure 4: Non-compliant UE with 15 us ramping period affecting OFF power. ON power impact 0 dB, OFF power impact +33 dB
Example 3: Non compliant UE with too long power ramping during ON power
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Figure 5: Non-compliant UE with 15 us ramping period affecting On power. ON power impact 0.04 dB, OFF power impact 0 dB
Example 4: Non compliant UE with large timing error
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Figure 6: Non-compliant UE with 50 us timing error affecting ON power. ON power impact 1.0 dB, OFF power impact 0 dB
Observation 4: A 5 us too long UE power ramping during OFF power affects the measurement result significantly (max +33 dB)

Observation 5: A 5 us too long UE power ramping during ON power affects the measurement result very slightly (max -0.04 dB)

Observation 6: In order to have an ON power impact that is ~10% of the total UE power tolerance (see observation 2), a huge timing error in the UE of 50 us is required. Such a UE is not realistic since it will not functionally work in the network.

Observation 7: There is a need to reduce the ON power tolerance in order to make the ON power measurement relevant 
2.3.3 New test procedure proposal

Considering the observations so far, both a higher target power and a tighter UE power tolerance is desired. 

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.

However, testing at max output power of 23 dBm will put high requirements on the TE dynamic range. This can be solved by ensuring an upper limit of [20] dBm for ON power or by measuring ON power and OFF power at different times so that the TE can reconfigure attenuators etc. to optimize for either ON power or OFF power.
Three options for an improved test procedure have been identified:

Option 1A: Ensure that the max UE power during the ON period is not more than [20] dBm by relative+aggregate power control
Option 1B: Ensure that the max UE power during the ON period is not more than [20] dBm by setting Pmax 

Option 2: Test at max UE output power but measure ON and OFF power sequencially in different measurement occasions 

Option 1A:

If option 1 is selected, there is a need to ensure that UE power never go above [20] dBm. This can be solved by relative power control commands in similar manner as other test cases where an upper power level is set (the UE power window is 3.8 dB according to TS38.521-3 annex F.4.3.1). However, there is an issue that the 1dB relative power control requirement only applies if all PUSCH slots are allocated. Since a gap need to be introduced to measure OFF power before and after the ON slot, an additional tolerance (the aggregate power tolerance of up to +3.5 dB) applies. If 20 dB need to be guaranteed the target power need to be 16.5 dBm. 
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Figure 7: Test procedure and power levels with option 1A using relative + aggregate power control (FDD)
With a solution as in Figure 10, the UE power tolerance has improved from 9 to 3.5 dB and the lowest possible UE output power has increased from 1 dBm to 13 dBm
Option 1B:

If setting a Pmax = 15 dBm and using all up TPC commands, the UE output power Pumax shall be within the range 15 +/- 5dB (TS38.101-1, 6.2.4). This is a slightly higher range than with option 1A but the test procedure is simpler. 
Option 2:
With this option there is no restriction on the max UE power, and all up TPC commands can be used as in Option 1B but without a need to configure Pmax. The test procedure is same as for option 1B except that the ON power and OFF power measurements are performed separately with a potentially long delay between (up to the TE to decide).

If selecting an RB allocation without MPR the UE power Pumax is 23 dBm +/-2 dB.
The performance of the different options is summarised in Table 1.
Table 1: List of options

	Option
	Power control method
	Lowest allowed ON power
	UE Power tolerance

	Current test case
	Absolute power control
	1 dBm (100 MHz BW)
	+/- 9 dB

	Option 1A
	Relative+Aggregate power control
	13 dBm
	+/- 3.5 dB

	Option 1B
	Relative power control
	10 dBm
	+/- 5 dB

	Option 2
	Relative power control
	21 dBm (PC3)

23 dBm (PC2)
	+/- 2 dB

+ 2/-3 dB


Proposal 1: Select Option 2 for General ON/OFF time mask test case as it results in biggest improvements to the test case

Proposal 2: Since the test will be done at max power if proposal 1 is agreed, it is also proposed that the test points are changed so that MPR=0 dB. 
Observation 8: If selecting option 2, the UE timing error causing an ON power loss that is 10% of UE tolerance improves from 47 to 11 us. 
2.4 SRS time time mask discussion

2.4.1 Current test case definition

The current test case uses absolute power control to reach a target ON power of 9.7 dBm (SCS60kHz, 100 MHz example) exactly like the General ON/OFF time mask test case with the same wide UE power tolerance. One major difference is that the ON duration is much smaller for SRS (14 times smaller if measuring a single SRS) meaning the test case can potentially find non-compliant UE power ramping more easily. 
2.4.2 Example on a non-compliant UEs and the impact on measurement 

Due to the smaller ON period (up to 14 times) compared to the General ON/OFF time mask test, it is possible to more easily detect non-compliant UE power ramping. 

With the example UE having a pure timing error during ON duration it can now be seen that the current test case which configure 4 SRS symbols for SCS60 can detect a 14 us timing error (using same assumption as before that the power loss is 10% of the UE tolerance). If changing to single SRS symbol it can detect 3.5 us error. If changing to option 2 it can detect 0.8 us timing error
2.4.3 New test procedure proposal

The SRS power control uses PUSCH TPC command if srs-PowerControlAdjustmentStates indicates a same power control adjustment state for SRS transmissions and PUSCH transmissions according to TS38.213. This means the same test procedure options as in section 2.3.3 can be applied also for SRS time mask. The UL RMCs have 5 ms switch point, so the first half of the radio frame can be used for PUSCH transmission and the second half for SRS time mask measurement.
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Figure 8: Slot configuration with proposed PUSCH and SRS transmissions (SCS30 example with 7DS2U slot pattern)
For SRS there is an additional justification to measure at max output power; There is currently no RAN5 test coverage for max SRS power. It is valuable to test at max power since the coverage of SRS is important in the field.
Observation 9: There is a lack of coverage in RAN5 for max SRS output power in the UE

Proposal 2: Select Option 2 also for SRS time mask test case as it results in biggest improvements to the test case

Proposal 3: Configure a single SRS for all tested SCS to minimize ON duration

3 Proposal

Proposal 1: Select Option 2 for General ON/OFF time mask test case as it results in biggest improvements to the test case

Proposal 2: Select Option 2 also for SRS time mask test case as it results in biggest improvements to the test case

Proposal 3: Configure a single SRS for all tested SCS to minimize ON duration
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