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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]At RAN5 #92-e, the discussion of the relative power measurement uncertainty has been continued [1 – 7]. In this contribution, we discuss the testability of the relative power tolerance requirement for PC3.
Discussion
In the current test procedure the start power of the ramp up and ramp down patterns is set with the power control window. In the following we first review the power control window and analyze next its implications on the testability of the relative power tolerance minimum requirements. 
Power window
As an introductory remark, we note that the sign of the measurement uncertainty of a specific entity of test system is unknown. In the following, we analyze the power window with respect to the absolute power MU of the test system making assumptions on its sign in order to enable a case by case study. Of course, both cases have to be unified in order to consider the lack of knowledge of the sign of the deviation.
[bookmark: _Toc27476150][bookmark: _Toc29495591][bookmark: _Toc36116642][bookmark: _Toc36118691][bookmark: _Toc36560806][bookmark: _Toc43977343][bookmark: _Toc52213932][bookmark: _Toc60743405][bookmark: _Toc68206586][bookmark: _Toc75972384][bookmark: _Toc85051823]For ramp down patterns, the UE power is initially set below a specific value, e.g. PUMAX. To this end, the uplink power window method is applied which is specified in Annex F.4.3.2 of TS 38.521-3 [8]: 
F.4.3.2	NR FR2
Information from the core requirements in TS 38.101-2 [3], TS 38.213 [19] and the uncertainties in Annex F applicable to the Test case are used to derive the uplink power window. There are 4 stages:
-	Find the uplink power target value.
-	Determine how closely the uplink power can be set to the target value.
-	Include the effect of test system uncertainty.
-	Position the Uplink power window to ensure UE is not tested outside Core requirements.
This process is shown in the diagram below, using values for FR2a and PUMAX ≥ P > Pint and taking an example where the target value is PUMAX:

[image: ]
Figure F.4.3.2-1: Example NR FR2 uplink power setting to be below a requirement
To ensure that the actual UE uplink power is within the Uplink power window, UE uplink power measured by the test system should remain within the smaller Uplink power control window shown in Figure F.4.3.2-1.
As stated above the value measured by the test system is inside the UL power control window (green rectangle in above figure). 
If the actual UE power is larger than the measured power due to a positive deviation (positive sign of the absolute power MU), the UL power control window has to be positioned below PUMAX with a distance of the absolute power MU of the test system. The actual UE power can be as large as PUMAX. Since the sign of the deviation is unknown for the specific test system entity, the power control window has always to be positioned in this way to cover this case. 
If the actual UE power is smaller than the measured power due to a negative deviation (negative sign of the absolute power MU), the actual value can be as low as the lower edge of UL power control window minus the absolute measurement uncertainty.
In summary, the actual UE power can be anywhere inside the uplink power window (yellow rectangle) in Figure F.4.3.2-1 of TS 38.521-3 [8]. The power window’s upper edge is aligned with PUMAX and its size is given as
UL power window = UE power step size + UE power step tolerance + relative power MU + 
			+2x absolute power MU
Table 1, summarizes the values of the UL power window for different power and frequency ranges.
Table 1: Power window depending on power range and frequency range
	Frequency range
	FR2a
	FR2b

	Power range
	Pint < P ≤ PUMAX
	Pmin ≤ P ≤ Pint
	Pint < P ≤ PUMAX
	Pmin ≤ P ≤ Pint

	UE power step size
	1
	1
	1
	1

	UE power step tolerance
	1
	5
	1
	5

	Relative power MU
	1.4
	1.4
	1.4
	1.4

	Absolute power MU
	4.89
	6.15
	5.09
	6.15

	Size of power window
	13.18
	19.7
	13.58
	19.7


Testability of relative power tolerance
At the last RAN4 meeting, RAN4 could not reach an agreement neither to unify the two power ranges to a single one nor to reduce the UE power step tolerance for the lower power range [10]. Therefore, we discuss the testability based on the current version of RAN4 specification.
Ramp down pattern with Pint < P ≤ PUMAX
For the ramp down pattern starting at PUMAX the actual UE power is required to be in the range Pint < P ≤ PUMAX, in order for the minimum requirement to be applicable. Avoiding a stricter requirement on the UE output power than in the MOP TC, PUMAX calculation is based on minimum peak EIRP and MBR. The MPR is chosen as 0dB by applying QPSK DFT-s-OFDM modulation with an appropriate allocation.
Table 2: Testability of ramp down pattern for Pint < P ≤ PUMAX
	Bands
	Min peak EIRP (dBm)
	PUMAX
	Maximum actual UE power
	Minimum actual UE power
	Pint
	Testability

	n257, n258,n261
	22.4
	21.65
	21.65
	8.47
	10.4
	not testable

	n260
	20.6
	19.85
	19.85
	6.27
	8.6
	not testable

	n259
	18.7
	17.95
	17.95
	4.37
	6.7
	not testable

	n262
	16
	15.25
	15.25
	1.67
	4
	not testable



As shown in Table 2, the minimum actual UE power is outside the power range Pint < P ≤ PUMAX which means that the associated minimum requirement cannot be tested. We note that for n259 and n262 the power window cannot be calculated since the absolute power MTSU has not been specified yet. For simplicity, we assume the same value as for FR2b. However, we expect that the power window will be larger due to the higher MU associated with these frequency ranges. Therefore, the too optimistic numbers are coloured in red, in order to state that they are preliminary and non-binding,
Ramp down pattern with Pmin ≤ P ≤ Pint
In the current TP analysis for the relative power tolerance test case a CHBW of 100 MHz is selected. Due to the testability issue of the core requirement for minimum output power, RAN5 has introduced a relaxation for the test requirement. We note that for the relative power tolerance tests the relaxed test requirement sets the lower boundary for the power pattern since smaller power levels cannot be measured due to a too high influence of noise. For a CHBW of 100 MHz, a relaxation of 2.4 dB (n257, n258, n261) and 7.5 dB (n260) is specified in Table 6.3.1.5-2 in TS 38.521-2 [9]. 
Table 3 summarizes the relevant figures.
Table 3: Testability of ramp down pattern for Pmin ≤ P ≤ Pint
	Bands
	Pint
	Maximum actual UE power
	Minimum actual UE power
	Pmin (including relaxation)
	Initial power configurable
	Range for step size
	Pstep 
	One step testable

	n257, n258, n261
	10.4
	10.4
	-9.3
	-10.6
	Yes
	1.3
	6
	No

	n260
	8.6
	8.6
	-11.1
	-5.5
	No
	-5.6
	6
	No



For band n260, the actual UE power for the initial power setting can be below Pmin and, thus, it cannot be guaranteed that the initial power is in the range Pmin ≤ P ≤ Pint. 
While the initial power for bands n257, n258, and n261 can be configured correctly, the range between the minimum actual UE power and Pmin is smaller than the allowed power change for a single TPC down command. The expected UE step is 6 dB based on 1dB from the TPC command and 5 dB UE power tolerance. Therefore, the UE target power after a single TPC down command can be outside the range Pmin ≤ P ≤ Pint and the power tolerance cannot be tested. The same holds for n259 and n262 (figures not shown since relaxation not yet specified).
Ramp up pattern with Pmin ≤ P ≤ Pint
Table 4 summarizes the relevant values.
Table 4: Testability of ramp up pattern for Pmin ≤ P ≤ Pint
	Bands
	Pmin
(including relaxation)
	Minimum actual UE power
	Maximum actual UE power
	Pint
	Initial power configurable
	Range for step size
	Pstep
	one step testable

	n257, n258,n261
	-10.6
	-10.6
	9.1
	10.4
	Yes
	1,3
	6
	No

	n260
	-5.5
	-5.5
	14.2
	8.6
	No
	-5.6
	6
	No



This is the analog situation as in for the ramp down pattern in the same range.
Ramp up pattern with Pint < P ≤ PUMAX 
Table 5 summarizes the relevant figures.

Table 5: Testability of ramp up pattern for Pint < P ≤ PUMAX
	Bands
	Pint
	Minimum actual UE power
	Maximum actual UE power
	PUMAX
	initial power configurable

	n257, n258,n261
	10.4
	10.4
	23.58
	21.65
	No

	n260
	8.6
	8.6
	22.18
	19.85
	No

	n259
	6.7
	6.7
	20.28
	17.95
	No

	n262
	4
	4
	17.58
	15.25
	No



Here, the initial power cannot be configured correctly as the maximum actual UE power can be above PUMAX based on min EIRP. This means that there are cases where the UE power needs to be above PUMAX in order that the measured power is inside the power control window. This would set a stricter requirement on the UE output power than the MOP test case. Therefore, this case is not testable.
Testability summary
With the current minimum conformance requirement, relative power tolerance is not testable since it cannot be ensured that the initial and target power are both inside the power range in which the minimum conformance requirement applies.
Optimizing the power range by selecting appropriate allocation and channel bandwidth
The power range Pmin ≤ P ≤ Pint can be increased by selecting 50 MHz instead of 100 MHz CHBW due to lower relaxation. 
Observation 1: The power range Pmin ≤ P ≤ Pint can be increased by selecting 50 MHz instead of 100 MHz CHBW due to lower relaxation. 
Proposal 1: Select a CHBW of 50 MHz for relative power tolerance TC for PC3, in order to increase the power range Pmin ≤ P ≤ Pint.
However, the improvement does not suffice in order to enable testability of a single TPC command as shown in Table 6.
Table 6 Testability of ramp up pattern for Pmin ≤ P ≤ Pint, with 50 MHz CHBW
	Bands
	Pmin
(including relaxation)
	Minimum actual UE power
	Maximum actual UE power
	Pint
	Initial power configurable
	Range for step size
	Pstep
	one step testable

	n257, n258,n261
	-13
	-13
	6.7
	10.4
	Yes
	3.7
	6
	No

	n260
	-8.5
	-8.5
	11.2
	8.6
	No
	-2.6
	6
	No



For 0dB MPR and 100 MHz CHBW, QPSK DFT-s-OFDM with a maximum of 20 RBs has to be applied in order to avoid MPRWT. The allocation has to be at least 8 RBs for PC1 in order to avoid MPRnarrow. While MPRWT has been considered in the current TP analysis, MPRnarrow has not been accounted for. 
Observation 2: In order to avoid MPRnarrow for PC1 an allocation with at least 8 RBs has to be selected.
In order to test PC3 and PC1 with the same pattern, we propose to limit the allocation to the range 8 RBs to 10 RBs for 50 MHz CHBW in the relative power tolerance test case.
Proposal 2: In order to avoid MPR, limit the allocation to the range from 8 RBs to 10 RBs. 
This does not change the testability discussed in previous section as avoidance of MPR has already been assumed.
In order to enable testing of relative power tolerance, the minimum conformance requirement needs to be updated by RAN4.
Observation 3: In order to enable testing of relative power tolerance, the minimum conformance requirement needs to be updated by RAN4.
Proposal 3: Send an LS to RAN4 to increase the awareness of the testability issue.
Proposal 4: Finalize MU once RAN4 discussion has been completed. 
Accompanying CR [11] provides an update of the test point analysis in TR 38.905 [12].
Conclusions
The testability of relative power tolerance requirements has been discussed.
Observation 1: The power range Pmin ≤ P ≤ Pint can be increased by selecting 50 MHz instead of 100 MHz CHBW due to lower relaxation. 
Proposal 1: Select a CHBW of 50 MHz for relative power tolerance TC for PC3, in order to increase the power range Pmin ≤ P ≤ Pint.
Observation 2: In order to avoid MPRnarrow for PC1 an allocation with at least 8 RBs has to be selected.
Proposal 2: In order to avoid MPR, limit the allocation to the range from 8 RBs to 10 RBs. 
Observation 3: In order to enable testing of relative power tolerance, the minimum conformance requirement needs to be updated by RAN4.
Proposal 3: Send an LS to RAN4 to increase the awareness of the testability issue.
Proposal 4: Finalize MU once RAN4 discussion has been completed 
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Assumptions

	ID
	Description
	Assumption

	#1
	Frequency ranges under consideration
	All Rel-15 FR2 bands for in-band measurements

	#2
	Size of QZ for IFF 
	30 cm

	#3
	UE power class
	PC3

	#5
	Temperature range of the test equipment
	20°C – 35°C

	#6
	Channel bandwidth
	100 MHz and 50 MHz
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