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1. Introduction
A default baseline for test point selection for TRx test cases was presented in [1] at RAN5#1 5G NR Adhoc meeting, where some proposals for environmental conditions, test frequencies, channel bandwidths, subcarrier spacing and RB allocation for FR1 were based on LTE. Finally, it was stated that each test case would require specific analysis to conform its test configuration table based on the study for Frequency, Channel BW, SCS, RB allocation (including modulations).
The purpose of this contribution is to provide the complete analysis for each parameter included in the Test Configuration Table and propose test points selection for Aggregate Power Tolerance test case in FR1.
2. Discussion

Aggregate Power Tolerance for FR1 is defined in Power Control section in [3] where its scope is described as follows:
The aggregate power control tolerance is the ability of the UE transmitter to maintain its power during non-contiguous transmissions within TBD in response to [0 dB] commands with respect to the first UE transmission and all other power control parameters [as specified in 38.213] kept constant.

The minimum requirement specified in Table 6.3.4.4-1 apply in the power range bounded by the minimum output power as specified in sub-clause 6.3.1 and the maximum output power as specified in sub-clause 6.2.2.
We also use the testpoint choice from the relevant LTE testcase from 36.521-1 (6.3.5.3) as inspiration:

Table 6.3.5.3.4.1-1: Test Configuration Table: PUCCH sub-test
	Initial Conditions

	Test Environment as specified in
TS 36.508 [7] subclause 4.1
	Normal

	Test Frequencies as specified in
TS 36.508 [7] subclause 4.3.1
	Mid range

	Test Channel Bandwidths as specified in
TS 36.508 [7] subclause 4.3.1
	Lowest, 5MHz, Highest

	Test Parameters for Channel Bandwidths

	
	Downlink Configuration
	Uplink Configuration

	Ch BW
	Mod'n
	RB allocation
	FDD: PUCCH format = Format 1a

TDD: PUCCH format = Format 1a/1b

	
	
	FDD
	TDD
	

	1.4MHz
	QPSK
	3
	3
	

	3MHz
	QPSK
	4
	4
	

	5MHz
	QPSK
	8
	8
	

	10MHz
	QPSK
	16
	16
	

	15MHz
	QPSK
	25
	25
	

	20MHz
	QPSK
	30
	30
	

	Note 1:
Test Channel Bandwidths are checked separately for each E-UTRA band, the applicable channel bandwidths are specified in Table 5.4.2.1-1.


Table 6.3.5.3.4.1-2: Test Configuration Table: PUSCH sub-test
	Initial Conditions

	Test Environment as specified in
TS 36.508 [7] subclause 4.1
	Normal

	Test Frequencies as specified in
TS 36.508 [7] subclause 4.3.1
	Mid range

	Test Channel Bandwidths as specified in
TS 36.508 [7] subclause 4.3.1
	Lowest, 5MHz, Highest

	Test Parameters for Channel Bandwidths

	
	Downlink Configuration
	Uplink Configuration

	Ch BW
	N/A for PUSCH sub-test
	Mod'n
	RB allocation

	
	
	
	FDD
	TDD

	1.4MHz
	
	QPSK 
	1
	1

	3MHz
	
	QPSK
	4
	4

	5MHz
	
	QPSK 
	8
	8

	10MHz
	
	QPSK 
	12
	12

	15MHz
	
	QPSK 
	16
	16

	20MHz
	
	QPSK 
	18
	18

	Note 1:
Test Channel Bandwidths are checked separately for each E-UTRA band, the applicable channel bandwidths are specified in Table 5.4.2.1-1.


Following subclauses introduce study for test environment, test frequencies, test bandwidth, test subcarrier spacing and uplink configuration aspects.

2.1. Test Environment

According to general comment in [2] core spec, the power control testcases shall be tested “under normal conditions” only:
6.3.4 Power control

6.3.4.1
General

The requirements on power control accuracy apply under normal conditions.

Proposal 1: Define Test Environment as Normal Conditions (NC) for Aggregate Power Tolerance measurement in FR1.
2.2. Test Subcarrier Spacing

Length of slot depends on SCS, so depending on the (unfinished in RAN4) test definition, higher SCS can become important because of shorter TX bursts. To be on the safe side, it is best to support Lowest & Highest SCS.
Proposal 2: Select the Lowest and Highest SCS supported for UE for Aggregate Power Tolerance measurement in FR1.
2.3. Test Frequencies

In LTE, this testcase is tested for mid frequency. We believe this is also reasonable for NR.

Proposal 3: Test Mid Frequency for Aggregate Power Tolerance measurement in FR1.
2.4. Test Channel Bandwidth

In LTE, this testcase is tested for Lowest, 5 MHz, and Highest channel bandwidths. This assumption seems to be reasonable to test different behaviours of the UE transmitter related to different frequency selectivities with different channel bandwidths. We believe this is also reasonable for NR, although generally we consider highest BW to be the worst case because of possible frequency selectivity and BW limitation issues.
Proposal 4: Test the Lowest, Mid and Highest Channel Bandwidth for Aggregate Power Tolerance measurement in FR1.
2.5. Signal Types

LTE test tests PUCCH and PUSCH.
To not lower test coverage VS LTE, we suggest to also test PUCCH and PUSCH. To allow long enough measurement time, we suggest to use a Format 1 “long” PUCCH signal. 

Proposal 5: Test long PUCCH and PUSCH signals in the Aggregate Power Tolerance measurement in FR1.
2.6. Modulations
LTE testcase uses only QPSK. Different modulations can have different Crest Factors, which might impact power accuracy if PA is in saturation, which might happen for Maximum Power. However, this testcase is not tested for maximum powers, so this is not an issue, and modulation should have no impact. Therefore we want to use QPSK as in LTE. 

Regarding OFDM type, we propose using CP-OFDM because of higher possible BWs due to full flexibility in RB Allocation and higher PAPR, as for all CP-OFDM waveforms.
Proposal 6: Use CP-OFDM QPSK in the Aggregate Power Tolerance measurement in FR1, for PUSCH sub-test.

2.7. Uplink Configuration
LTE uses largest allocation with 0dB MPR.

There are multiple sources of power accuracy errors. Many of them become worse in higher BW cases like: 

1) Droop at BW edges due to BW limitations in TX Chain

a. This will lower output power at BW edges, lowering overall power. 

2) Duplexer frequency ripple compensation

a. Very simple for 1RB, it gets more complicated and error-prone in higher BWs, especially since it can be frequency-selective

3) If Feedback power measurement path is used, Feedback path BW limitation

a. This will impact power accuracy again.  

Therefore, we suggest to use Full RB allocation, which is worse case than in LTE.
Proposal 7: Use Full RB allocation in the Aggregate Power Tolerance measurement in FR1.
3. Conclusion
It is proposed that RAN5 discusses and agrees the following proposals for open areas described in section 2 of this document to progress on SA FR1 Aggregate Power Tolerance test case definition:

Proposal 1: Define Test Environment as Normal Conditions (NC) for Aggregate Power Tolerance measurement in FR1.

Proposal 2: Select the Lowest and Highest SCS supported for UE for Aggregate Power Tolerance measurement in FR1.
Proposal 3: Test Mid Frequency for Aggregate Power Tolerance measurement in FR1.
Proposal 4: Test the Lowest, Mid and Highest Channel Bandwidth for Aggregate Power Tolerance measurement in FR1.

Proposal 5: Test long PUCCH and PUSCH signals in the Aggregate Power Tolerance measurement in FR1.
Proposal 6: Use CP-OFDM QPSK in the Aggregate Power Tolerance measurement in FR1, for PUSCH sub-test.
Proposal 7: Use Full RB allocation in the Aggregate Power Tolerance measurement in FR1.
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