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1.
Introduction

A number of Tx and Rx Test cases in TS 38.521-1 [1] set the UE uplink power to be within a defined window to ensure the test is carried out in the intended conditions. There were discussions at RAN5#82 in Athens on how the window size is derived for NR, and this Tdoc gives the outcome for calculating the size.
This Tdoc gives the technical basis for the uplink power window used in Tx test cases and Rx Test cases, and the principles follow those used for LTE, explained in R5-177429 [4]. It also considers how to update TS 38.521-1 test cases, where the uplink power window size is specified in each test case. 
2.
Uplink power window used in Rx test cases
2.1: Extracts from TS 38.521-1 

For Rx test cases, the Test equipment uncertainties and derivation of the uplink power window can be evaluated using Test case 7.4, Maximum input level, as an example. Extracts from TS 38.521-1 [1] are shown below for the Test Procedure, Test Requirement and Test System uplink power measurement uncertainty:  
7.4.4.2
Test procedure

1. 
SS transmits PDSCH via PDCCH DCI format [1_1] for C_RNTI to transmit the DL RMC according to Table 7.4.4.1-1. The SS sends downlink MAC padding bits on the DL RMC.

2.
SS sends uplink scheduling information for each UL HARQ process via PDCCH DCI format [0_1] for C_RNTI to schedule the UL RMC according to Tables 7.4.4.1-1. Since the UE has no payload data and no loopback data to send, the UE sends uplink MAC padding bits on the UL RMC.

3.
Set the Downlink signal level to the value as defined in Table 7.4.5-1. Send uplink power control commands to the UE (less or equal to 1dB step size should be used), to ensure that the UE output power is within -PW ± PW dB of the target power level in Table 7.4.5-1 for at least the duration of the Throughput measurement. PW is the power window according to Table 7.4.5-2 for the carrier frequency f and the channel bandwidth BW.
4.
Measure the average throughput for a duration sufficient to achieve statistical significance according to Annex H.2

7.4.4.3
Message contents

Message contents are according to TS 38.508-1 [5] subclause 4.6.

7.4.5
Test requirement
The throughput measurement derived in test procedure shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annex A.3 with parameters specified in Tables 7.4.5-1.

Table 7.4.5-1: Maximum input level

	Rx Parameter
	Units 
	Channel bandwidth

	
	
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25
MHz
	30 MHz
	40
MHz
	50
MHz
	60
MHz
	80
MHz
	90 MHz
	100
MHz

	Power in Transmission Bandwidth Configuration
	dBm
	-252-TT
	-242-TT
	-232-TT
	-222-TT
	-212-TT
	-202-TT

	
	
	-273-TT
	-263-TT
	-253-TT
	-243-TT
	-233-TT
	-223-TT

	NOTE 1:
The transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.2.3-3 with PCMAX_L as defined in subclause 6.2.4.

NOTE 2:
Reference measurement channel is Annex A.3.2.3/A.3.3.3 for 64-QAM.

NOTE 3:
Reference measurement channel is Annex A.3.2.4/A.3.3.4 for 256-QAM.
NOTE 4:
TT for each frequency is specified in Table 7.4.5-3.


<< clauses skipped >>
Table F.1.3-1: Maximum Test System Uncertainty for receiver tests

	Subclause
	Maximum Test System Uncertainty
	Derivation of Test System Uncertainty

	7.3.2 Reference sensitivity power level
	±0.7 dB, f ≤ 3.0GHz

±1.0 dB, 3.0GHz < f ≤ 4.2GHz

±1.5 dB, 4.2GHz < f ≤ 6GHz
	

	7.3.2_1 Reference sensitivity level with 4 Rx antenna ports
	±0.7 dB, f ≤ 3.0GHz

±1.0 dB, 3.0GHz < f ≤ 4.2GHz

±1.5 dB, 4.2GHz < f ≤ 6GHz
	

	7.3C.2 Reference sensitivity power level
	Same as 7.3.2
	

	7.4 Maximum input level
	Downlink power

±0.7 dB, f ≤ 3.0GHz

±1.0 dB, 3.0GHz < f ≤ 4.2GHz

±1.5 dB, 4.2GHz < f ≤ 6GHz
Uplink power measurement

f ≤ 3.0GHz

±0.7 dB, BW ≤ 40MHz
±1.4 dB, 40MHz < BW ≤ 100MHz
3.0GHz < f ≤ 4.2GHz

±1.0 dB, BW ≤ 40MHz
±1.6 dB, 40MHz < BW ≤ 100MHz
4.2GHz < f ≤ 6.0GHz
±1.3 dB, BW ≤ 20MHz
±1.5 dB, 20MHz < BW ≤ 40MHz
±1.6 dB, 40MHz < BW ≤ 100MHz
	


2.2: Extract from TS 38.101-1 

To determine how closely we can set the UE uplink power to its target value, the relevant core requirement has to be identified in TS 38.101-1 [2]:
6.3.4.3
Relative power tolerance

The relative power tolerance is the ability of the UE transmitter to set its output power in a target sub-frame relatively to the power of the most recently transmitted reference sub-frame if the transmission gap between these sub-frames is less than or equal to 20 ms.

The minimum requirements specified in Table 6.3.4.3-1 apply when the power of the target and reference sub-frames are within the power range bounded by the minimum output power as defined in sub-clause 6.3.1 and the measured PUMAX as defined in sub-clause 6.2.1.

To account for RF Power amplifier mode changes, 2 exceptions are allowed for each of two test patterns. The test patterns are a monotonically increasing power sweep and a monotically decreasing power sweep over a range bounded by the requirements of minimum power and maximum power specified in sub-clauses 6.3.1 and 6.2.1, respectively. For those exceptions, the power tolerance limit is a maximum of ± 6.0 dB in Table 6.3.4.3-1.

Table 6.3.4.3-1: Relative power tolerance

	Power step P (Up or down)

 (dB)
	All combinations of PUSCH and PUCCH transitions (dB)
	All combinations of PUSCH/PUCCH and SRS transitions between sub-frames (dB)
	PRACH (dB)

	ΔP < 2
	± 2.0 (NOTE)
	± 2.5
	± 2.0

	2 ≤ ΔP < 3
	± 2.5
	± 3.5
	± 2.5

	3 ≤ ΔP < 4
	± 3.0
	± 4.5
	± 3.0

	4 ≤ ΔP ≤ 10
	± 3.5
	± 5.5
	± 3.5

	10 ≤ ΔP < 15
	± 4.0
	± 7.0
	± 4.0

	15 ≤ ΔP
	± 5.0
	± 8.0
	± 5.0

	NOTE:
For PUSCH to PUSCH transitions with the allocated resource blocks fixed in frequency and no transmission gaps other than those generated by downlink subframes, DwPTS fields or Guard Periods: for a power step ΔP ≤ 1 dB, the relative power tolerance for transmission is ± 0.7 dB.


2.3: Extracts from TS 38.213 

To determine the smallest step using Uplink power control commands, the relevant core requirement has to be identified in TS 38.213 [3]:

Table 7.1.1-1: Mapping of TPC Command Field in DCI format 0_0, DCI format 0_1, or DCI format 2_2, with CRC scrambled by TPC-PUSCH-RNTI, or DCI format 2_3, to absolute and accumulated 
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For a detailed justification other text in TS 38.213 [3] is also relevant, but the key point is that 1dB is the smallest step size that can be used for PUSCH.

2.4: Derivation of the uplink power window size
The information from the core requirements in TS 38.101-1 [2], TS 38.213 [3] and the Test case in TS 38.521-1 [1] is used to derive the uplink power window. There are 4 stages:

· Find the target value (in this case, 4dB below PCMAX_L, the UE Core requirement side condition)
· Work out how closely we can set uplink power (38.101, 38.213 UE Core requirements)

· Include the effect of test system uncertainty, using the uncertainties in 38.521-1 Table F.1.3-1

· Position the Uplink power measurement window to ensure UE is not tested outside its side condition

This process is shown in the diagram below, using values for f ≤ 3GHz and BW ≤ 40MHz:
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When working out how closely we can set the uplink power, we observe that a step of nominally 1dB might be as low as 0.3dB, or might be as high as 1.7dB, from the UE core requirement on Relative Power tolerance in TS 38.101-1 Table 6.3.4.3-1. This test case complies with the conditions in Table 6.3.4.3-1 Note as the power step ΔP ≤ 1 dB, so we can use the relative power tolerance for transmission of ±0.7dB.
The window as derived from the UE core requirement cannot be any smaller, as it could then be impossible to set a value inside it.
2.5: Update of the uplink power window in TS 38.521-1 

In TS 38.521-1 [1], the uplink power window is specified per test case, for example in Table 7.4.5-2:
Table 7.4.5-2: Power Window (dB) for Maximum input level
	
	f ≤ 3GHz
	3GHz < f ≤ 4.2GHz
	4.2GHz < f ≤ 6GHz

	BW ≤ 20MHz
	1.4
	1.7
	2

	20MHz < BW ≤ 40MHz
	1.4
	1.7
	2.2

	40MHz < BW ≤ 100MHz
	2.1
	2.3
	2.3


The values in this table need to be updated, as they are not aligned with the outcome of the process shown in section 2.4 above. Additionally, two points should be addressed to improve clarity:

· The Power window as currently expressed in TS 38.521-1 [1] is a half-window (the full size of the window is as shown in the diagram in section 2.4 above) 
· Pw is already used as Power of a wanted DL signal for the Rx test cases in TS 38.521-1 and TS 38.521-3, so it is confusing to use the symbol Pw also for the Power window
Anritsu proposes the following updates in TS 38.521-1 to address these points and correct the window size:

· Instead of the symbol Pw just use the term “Power window”
· Use the term “Power window” to mean the whole window, and update the formulae in the Test procedure step 3 accordingly
· Recalculate the Power Window values for each Rx test case according to the method in section 2.4 of this Tdoc, and using the uncertainty values from Table F.1.3-1
The updates are shown below for Test case 7.4 using track changes, based on TS 38.521-1 v15.1.0:

7.4.4.2
Test procedure

1. 
SS transmits PDSCH via PDCCH DCI format [1_1] for C_RNTI to transmit the DL RMC according to Table 7.4.4.1-1. The SS sends downlink MAC padding bits on the DL RMC.

2.
SS sends uplink scheduling information for each UL HARQ process via PDCCH DCI format [0_1] for C_RNTI to schedule the UL RMC according to Tables 7.4.4.1-1. Since the UE has no payload data and no loopback data to send, the UE sends uplink MAC padding bits on the UL RMC.

3.
Set the Downlink signal level to the value as defined in Table 7.4.5-1. Send uplink power control commands to the UE (less or equal to 1dB step size should be used), to ensure that the UE output power is within -(Power window/2) ± (Power window/2) dB of the target power level in Table 7.4.5-1 for at least the duration of the Throughput measurement. The power window size is according to Table 7.4.5-2 for the carrier frequency f and the channel bandwidth BW.
<< clauses skipped >>
Table 7.4.5-2: Power Window (dB) for Maximum input level
	
	f ≤ 3GHz
	3GHz < f ≤ 4.2GHz
	4.2GHz < f ≤ 6GHz

	BW ≤ 20MHz
	3.1
	3.7
	4.3

	20MHz < BW ≤ 40MHz
	3.1
	3.7
	4.7

	40MHz < BW ≤ 100MHz
	4.5
	4.9
	4.9


3.
Uplink power window used in existing Tx test cases

The same principle as Rx applies to Tx test cases, but for most Tx test case the uplink power has to be above a defined value, so the bottom of the window is aligned to the UL power requirement. The power window position should be selected on a per-test-case basis.  
4.
Conclusion and Way Forward
Section 2 of this Tdoc explains how the uplink power window is derived for Rx test cases, and includes a generic method using 4 stages. Anritsu believes this generic method can also be used for Tx test cases that use an uplink power window.
RAN5 is asked to endorse two proposals: 

· For each test case in TS 38.521-1 which requires an uplink power window, to use the method as shown in the example for Test case 7.4 in this Tdoc, and incorporate in CRs accordingly.

· To update the terminology and values as shown in this Tdoc, and incorporate in CRs accordingly.
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