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1 Introduction
In this paper, we present out views on the power control test and relation to the Tx dynamic range test.
2 Discussion
2.1 Tx dynamic range

In WF [1], the Tx dynamic range is discussed with following agreement:

Agreement: Test point on power control requirement for IAB-MT is agreed as:
· Test points 1: Maximum output power with full RB allocation and maximum output power 
· Test points 2: single RB allocation with 5/10 dB lower PSD as used in test point 1)

Test point 1- test point 2 =  X+Y （+/- uncertainty FFS）
Though it is agreed on the test points definition of TX dynamic range, there is no TX power accuracy specified. The power control requirement is relying on the DR requirement which providing the output power adjustability. For the power requirement itself, it is specified in a way that the output power can have power uncertainty due to the gain change in the Tx chain while setting the ΔP. As the Tx dynamic range is main RF function to support the power control, the TX DR and power control test can be combined, and the output power accuracy can be referred to the power control requirements. There is no Tx power dynamic range in UE specification and the hardware capability is covered in the power control requirements. The power control requirement covers the TX power accuracy and stability by different amount dynamic range setting.

Observation-1: Power control requirement rely on TX dynamic range to provide the output power adjustability.

Observation-2: Power control requirement allow the TX output power uncertainty due to the TX gain setting change.

In TS 38.174, the relative power control for conducted TX is specified as:
Table 6.3.3.1-1: Relative power tolerance

	Power step P (Up or down)

(dB)
	Power tolerance (dB)

	ΔP < 2
	[± 2.5]

	2 ≤ ΔP < 3
	[± 3.5]

	3 ≤ ΔP < 4
	[± 4.5]

	4 ≤ ΔP < 10
	[± 5.5]


The dynamic range between test point 1 and test point 2 is X + Y dB in total, however, there is no corresponding power tolerance defined for IAB-MT. Table 6.3.3.1-1 only specify the X dB with certain RB allocation. How to specify the output power accuracy and at the same time meet the specified TX dynamic range is discussed further below.

The Y dB scaling with the allocated RB is indirectly specified in the power control requirement equations in 38.213:
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 is a SCS configuration defined in [4, TS 38.211]

For UE approach, when RB allocation is changed, the output power will be scaled with Y dB and the absolute power control tolerance for open power control is specified in TS 38.101-1 with +/- 9 dB for normal condition. This includes the the RSRP estimation accuracy stated in 38.133 chapter 10.1.2.1.1 ( +/- 4.5 dB for normal condition for Absolute SS-RSRP Accuracy). This means the hardware contribution for power accuracy is allowed to be +/-4.5 dB for any power between the minimum and maximum level. The power control accuracy due to RB change is not specified in TS 38.101-1, however, in TS 38.521-1, there is RB change for power ramping up&down test for relative power control. The allowed output power control accuracy is +/- 4dB or +/- 3.5 dB depending on magnitude of the changed power step size. 
Table 6.3.4.3.5-1: Test Requirements Relative Power Tolerance for Transmission, channel BW 5MHz, ramp up sub-test

	Test SCS [kHz]
	Sub-test ID
	Applicable sub-frames
	Uplink RB allocation
	TPC command
	Expected power step size (Up)
	Power step size range (Up)
	PUSCH

	
	
	
	
	
	ΔP [dB]
	ΔP [dB]
	[dB]

	
	
	Sub-frames before RB change
	Fixed = 1
	TPC=+1dB
	1
	ΔP ≤ 1 dB
	1 +/- (0.7 + TT)

	15
	1
	RB change
	1RB to 5 RBs
	TPC=+1dB
	7.99
	4dB ≤ ΔP < 10dB
	7.99 +/- (3.5 + TT)

	
	
	Sub-frames after RB change
	Fixed = 5
	TPC=+1dB
	1
	ΔP ≤ 1 dB
	1 +/- (0.7 + TT)

	
	
	Sub-frames before RB change
	Fixed = 1
	TPC=+1dB
	1
	ΔP ≤ 1 dB
	1 +/- (0.7 + TT)

	
	2
	RB change
	1RB to 15 RBs
	TPC=+1dB
	12.76
	10dB ≤ ΔP < 15dB
	12.76 +/- (4 + TT)

	
	
	Sub-frames after RB change
	Fixed = 15
	TPC=+1dB
	1
	ΔP ≤ 1 dB
	1 +/- (0.7 + TT)

	
	
	Sub-frames before RB change
	Fixed = 1
	TPC=+1dB
	1
	ΔP ≤ 1 dB
	1 +/- (0.7 + TT)

	
	1
	RB change
	1RB to 5 RBs
	TPC=+1dB
	7.99
	4dB ≤ ΔP < 10dB
	7.99 +/- (3.5 + TT)

	
	
	Sub-frames after RB change
	Fixed = 5
	TPC=+1dB
	1
	ΔP ≤ 1 dB
	1 +/- (0.7 + TT)

	30
	
	Sub-frames before RB change
	Fixed = 1
	TPC=+1dB
	1
	ΔP ≤ 1 dB
	1 +/- (0.7 + TT)

	
	2
	RB change
	1RB to 10 RBs
	TPC=+1dB
	11.00
	10dB ≤ ΔP < 15dB
	11.00 +/- (4 + TT)

	
	
	Sub-frames after RB change
	Fixed = 10
	TPC=+1dB
	1
	ΔP ≤ 1 dB
	1 +/- (0.7 + TT)

	Note 1:
Position of RB change:
Pattern A the position of RB uplink allocation change is after 10 active uplink Sub-frames
Pattern B the position of RB uplink allocation change is after 20 active uplink Sub-frames
Pattern C the position of RB uplink allocation change is after 30 active uplink Sub-frames

Note 2:
The starting resource block shall be RB# 0.

Note 3:
TT=0.7dB

Note 4:
Applicable if PUMAX ≥ P ≥ Pmin. Pmin as defined in sub-clause 6.3.1.


Observation-3: Output power accuracy for RB change is +/- 4 dB in TS 38.521-1 not considering the TT (test tolerance).
For BS approach, the RB allocation change is specified as OFDM symbol TX power (OSTP), in 6.3.3.5 in TS 38.141-1, the test requirement is Total power dynamic range - TT (0.4dB). There is no additional hardware caused additional inaccuracy considered for BS OSTP dynamic range. 
Observation-4: Output power accuracy for RB change is +/- 0 dB in TS 38.141-1 not considering the TT (test tolerance).
As the IAB-MT output power dynamic range and power control is not OSTP power, so it should more reasonable to reuse the UE approach when defining the RB change (Y dB) power accuracy. 
Proposal-1: Reuse the TS 38.521-1 to define the output power accuracy for Tx dynamic range related to RB change (Y dB).

For TX dynamic range test, even though the output power accuracy for both Y and X is defined or derived according to above discussion, it is difficult to derive the power accuracy for test point 2, as the power of test point 2 not directly related to power of test point 1 with fixed RB allocation. The output power accuracy of test point 2 is not the addition of the power accuracy of X and power accuracy of Y. To facility the Tx dynamic test the output power accuracy of X and Y need to apply separately for RB allocation change with constant PSD and for fixed RB allocation with PSD change, therefore, the additional test point needs to be introduced with the same single RB allocation but with maximum PSD power. Otherwise the test requirement can not be defined due to lacking the power accuracy requirement.
Proposal-2: Introduce additional test points for Tx dynamic test so test point 2 power accuracy can be defined.

 Table 1: Test requirement of the Tx dynamic range/power control for LA IAB-MT

	Test point
	RB allocation
	PSD
	Expected power step size (Down)
	PUSCH (normal condition)

	
	
	
	ΔP [dB]
	[dB]

	Test point 1
	Fixed = Maximum RB according to BW and SCS
	Maximum PSD
	0
	Relative to the declared output power

	f ≤ 3.0 GHz: ± 2.7 dB

	
	
	
	
	
	3.0 GHz < f ≤ 6.0 GHz: ± 3.0 dB

	Test point 3
	1RB 
	Maximum PSD
	10 log(Maximum RB)
	Relative to the Test point 1 output power
	10 log(Maximum RB)+/- (4 + TT)

	Test point 2
	1RB
	Maximum PSD - ΔP
	5 / 10 acc. to WA/LA IAB-MT Tx danymic range requirement 
	Relative to the Test point 2’ output power
	5.5 +/- TT


According to the above discussion, Table 1 gives an example how the test requirement of TX dynamic range could be defined. Test point 1 reuse the IAB maxim output power test requirement and test point 2 use the relative power control tolerance requirement. Test point 3 derive the accuracy requirement from TS 38.521-1.

Proposal-3:  Use the table 3 as the Tx dynamic test requirement.
2.2 Power control 

In WF [1], the power control requirement as agreed with below:

For relative power control accuracy Agreements: 
Option 3: Partial PRB allocation to be considered in Test model design if to reuse the similar test configuration as UE.”

For aggregated power control accuracy agreements:

NO detailed conformance test cases for this requirement, FFS whether can be jointly verified or covered by dynamic range conformance test cases.
Further Way forward 

According to feedback from companies during 2nd round the preference is both power control accuracy requirements can be verified together with dynamic range. However there is no extensive discussion on that. Hence it is suggested 
· Investigate further whether based current test points agreed for dynamic range whether the test purpose for both relative power control accuracy and aggregated power control accuracy can be covered. 
· Proposal on test point/configuration for relative power accuracy is not precluded.
WF on two-way signal: below agreement applied for power control requirement. 

	Issue 1-1-2: Two-way communication in IAB-MT tests in [306]
Two-way communication is not specified for RF conformance tests, specification shall not preclude DL signals to be used e.g. for timing and frequency reference purposes during the test.

Companies further work on the clarification notes to conformance specifications for topic 1-1.



As discussed in previous chapter, the power control requirement is relying on the DR requirement which providing the output power adjustability and the Tx dynamic range output power accuracy is derived from power control requirements. There is no need to test power control requirement separately. Power control and Tx dynamic range can be tested together.
Proposal-4: relative power control test can be combined with Tx dynamic power test.
The Tx dynamic range requirement in TS 38.174 does not have the connection to the power control requirement. If RAN4 agree to combine the two tests, there is a need to reflect this in the Tx dynamic range requirements. 
Proposal-5: Reflect the power control function in Tx dynamic range requirement so the combination of the power control and Tx dynamic range is logic.
In the text proposal for Tx dynamic range test case, only test procedure and test requirements is proposed.
3 Text Proposal

--------------------------------------------------Start of TP------------------------------------------------------

6.3.3.4.2
Procedure

For IAB type 1-H where there may be multiple TAB connectors, they may be tested one at a time or multiple TAB connectors may be tested in parallel as shown in annex D.3.1. Whichever method is used the procedure is repeated until all TAB connectors necessary to demonstrate conformance have been tested.

1)
Connect the single-band connector(s) under test as shown in annex D.3.1 for IAB type 1-H. All connectors not under test shall be terminated.

2)
Set each connector under test to transmit according to the applicable test configuration in clause 4.8 using the corresponding test models in clause 4.9.2 at rated carrier output power Prated,c,TABC for IAB type 1-H (D.21).

3)
For test point 1, set the IAB to transmit a signal according to:

-
NR-IAB-MT-FR1-TM3.1 if 256QAM is not supported by IAB-MT.

4)
Measure the mean power in at least one sub-frame 1ms.
5)
For test point 2, set the IAB-MT to transmit a signal according to:
NR-IAB-MT-FR1-TM2a 
if 256QAM is not supported by IAB-MT;
6)
Measure the mean power in at least one sub-frame 1ms. 
7) 
For test point 3, set the IAB-MT to transmit a signal according to:
NR-IAB-MT-FR1-TM2 if 256QAM is not supported by IAB-MT;
6)
Measure the mean power in at least one sub-frame 1ms. 
In addition, for multi-band connectors, the following steps shall apply:

7)
For a multi-band connectors and single band tests, repeat the steps above per involved operating band where single band test configurations and test models shall apply with no carrier activated in the other operating band.

6.3.3.5
Test requirements
	Test point
	Expected power step size (Down)
	PUSCH (normal condition)

	
	ΔP [dB]
	[dB]

	Test point 1
	0
	Relative to the declare output power

	f ≤ 3.0 GHz: ± 2.7 dB

	
	
	
	3.0 GHz < f ≤ 6.0 GHz: ± 3.0 dB

	Test point 2
	10 log(Maximum RB)
	Relative to the Test point 1 output power
	10 log(Maximum RB)+/- (4 + TT)

	Test point 3
	5 / 10 acc. to WA/LA IAB-MT Tx danymic range requirement 
	Relative to the Test point 2’ output power
	5.5 +/- TT


--------------------------------------------------End of TP------------------------------------------------------
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