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1 Introduction

Core requirement for FR2 configured output power was defined in TS 38.101-2 [1]. The purpose of this contribution is to review core requirement and discuss how to define conformance test spec.
2 Discussion

2.1 Core requirement
Core requirements of FR2 and FR1 configured output power are defined in TS 38.101-2 and 38.101-1 [2] respectively as below (Some descriptions about P-MPR are skipped in this example). Moreover LTE requirement in TS 36.101 [3] is similar to that of FR1 below.
6.2.4
Configured transmitted power [FR2]
The UE can configure its maximum output power. The configured UE maximum output power PCMAX,f,c for carrier f of a serving cell c is defined as that available to the reference point of a given transmitter branch that corresponds to the reference point of the higher-layer filtered RSRP measurement as specified in TS 38.215 [11].

The configured UE maximum output power PCMAX,f,c for carrier f of a serving cell c shall be set such that the corresponding measured peak EIRP PUMAX,f,c is within the following bounds

PPowerclass – MAX(MPRf,c + ΔMBP,n, P-MPRf,c) – MAX{T(MPRf,c), T(P-MPRf,c)} ≤ PUMAX,f,c ≤ EIRPmax
while the corresponding measured total radiated power PTMAX,f,c is bounded by

PTMAX,f,c ≤ TRPmax
with PPowerclass the UE power class as specified in sub-clause 6.2.1, EIRPmax the applicable maximum EIRP as specified in sub-clause 6.2.1, MPRf,c as specified in sub-clause 6.2.2 , ΔMBP,n the peak EIRP relaxation as specified in section 6.2.1 and TRPmax the maximum TRP for the UE power class as specified in sub-clause 6.2.1. 

The tolerance T(∆P) for applicable values of ∆P (values in dB) is specified in Table 6.2.4-1.

Table 6.2.4-1: PUMAX,f,c tolerance

	Operating Band
	∆P (dB)
	Tolerance T(∆P)

(dB)

	n257, n258, n260, n261
	 P = 0 
	0

	
	0 < P ≤ 2
	[1.5]

	
	2 < P ≤ 3
	[2.0]

	
	3 < P ≤ 4
	[3.0]

	
	4 < P ≤ 5
	[4.0]

	
	5 < P ≤ 10
	[5.0]

	
	10 < P ≤ 15
	[7.0]

	
	15 < P ≤ X
	[8.0]

	NOTE:
X is the value such that Pumax,f,c lower bound,  PPowerclass - P – T(P) = minimum output power specified in subclause 6.3.1


6.2.4
Configured transmitted power [FR1]
The UE is allowed to set its configured maximum output power PCMAX,f,c for carrier f of serving cell c in each slot. The configured maximum output power PCMAX,f,c is set within the following bounds:

PCMAX_L,f,c ≤  PCMAX,f,c  ≤  PCMAX_H,f,c with


PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  (PPowerClass – ΔPPowerClass) – MAX(MPRc + A-MPRc+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }
PCMAX_H,f,c = MIN {PEMAX,c,  PPowerClass – ΔPPowerClass }

where

PEMAX,c is the value given by IE P-Max for serving cell c, defined in TS 38.331[7];

The measured configured maximum output power PUMAX,f,c shall be within the following bounds:


PCMAX_L,f,c  –  MAX{TL,c, T(PCMAX_L,f,c)}  ≤  PUMAX,f,c  ≤  PCMAX_H,f,c  +  T(PCMAX_H,f,c).

where the tolerance T(PCMAX,f,c) for applicable values of PCMAX,f,c is specified in Table 6.2.4-1. The tolerance TL,c is the absolute value of the lower tolerance for the applicable operating band as specified in Table 6.2.1-1.

Table 6.2.4-1: PCMAX tolerance

	PCMAX,f,c  (dBm)
	Tolerance T(PCMAX,f,c) (dB)

	23 < PCMAX,c ≤ 33
	2.0

	21 ≤ PCMAX,c ≤ 23
	2.0

	20 ≤ PCMAX,c < 21
	2.5

	19 ≤ PCMAX,c < 20
	3.5

	18 ≤ PCMAX,c < 19
	4.0

	13 ≤ PCMAX,c < 18
	5.0

	8 ≤ PCMAX,c < 13
	6.0

	-40 ≤ PCMAX,c < 8
	7.0


The most different point between FR2 and FR1/LTE is definition of lower edge of PUMAX (and corresponding PCMAX) which is blue highlighted part. PEMAX based on p-Max is not considered in FR2 case, while PEMAX is one of the factor to define minimum PUMAX (PCMAX) in FR1/LTE.
From perspective of conformance test, test procedure of FR1/LTE can be summarized as below.
1. Set specific p-Max (-10, 10, 15 in FR1) by exceptional message
2. Measure maximum output power and check if PUMAX is within requirement including PCMAX tolerance.
Since PEMAX (p-Max) is not related to the FR2 requirement, legacy approach to set lower edge of PCMAX by p-Max couldn’t be used any more. Lower edge of PUMAX will be defined by MPR, T (MPR), and multi-band relaxation.
Observation 1
: p-Max is not a factor of FR2 requirement, and same approach as FR1/LTE couldn’t be used.
2.2 Test point selection

As discussed in previous section, MPR (and test parameters to define MPR) is main factor to define core requirement. Following Table 2.2-1 summarizes some examples of lower edge of PUMAX per test parameter (For simplicity, multi-band relaxation is not considered). With some parameters which accept large MPR, lower edge of PUMAX becomes lower than 10 dBm. 

Regarding test point selection for FR2, it should be taken into account not only worst case in terms of RF characteristics but also final output power leading low PSD issue due to OTA testing. Following two tables are test parameters in FR1 and LTE tests, for reference.
Observation 2
: Test point analysis for FR2 configured output power should consider both RF characteristics and lower edge of PUMAX.
Table 2.2-1 Lower edge of PUMAX (FR2a, PC3)
	OFDM
waveform
	ChBW
[MHz]
	Mod.
	MPR [dB]
	Tolerance
T(∆P) [dB]
	Lower edge

of PUMAX [dBm]

	DFT-s-OFDM
	100/200
	QPSK
	1.5
	[1.5]
	19.4

	
	400
	QPSK
	3.0
	[2.0]
	17.4

	
	100/200
	64QAM
	5.0
	[4.0]
	13.4

	CP-OFDM
	100/200
	QPSK
	3.5
	[3.0]
	15.9

	
	100/200
	64QAM
	7.5
	[5.0]
	9.9

	
	400
	64QAM
	9.0
	[5.0]
	8.4


Table 6.2.4.4.1-1: Test Configuration Table [FR1]
	Initial Conditions

	Test Environment as specified in TS 38.508-1 [5] subclause 4.1
	Normal, TL/VL, TL/VH, TH/VL, TH/VH

	Test Frequencies as specified in TS 38.508-1 [5] subclause 4.3.1
	Low range, Mid range, High range

	Test Channel Bandwidths as specified in TS 38.508-1 [5] subclause 4.3.1
	Lowest, Mid, Highest

	Test SCS as specified in Table 5.3.5-1
	Lowest, Highest

	Test Parameters for Channel Bandwidths

	Test ID
	Downlink Configuration
	Uplink Configuration

	
	N/A for minimum output power 
	Modulation (NOTE 2)
	RB allocation (NOTE 1)

	1
	test case
	DFT-s-OFDM Pi/2 BPSK
	Inner Full

	2
	
	DFT-s-OFDM QPSK
	Inner Full


Table 6.2.5.4.1-1: Test Configuration Table [LTE]
	Initial Conditions

	Test Environment as specified in

TS 36.508 [7] subclause 4.1
	Normal, TL/VL, TL/VH, TH/VL, TH/VH

	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 Configured UE transmitted Output Power test case
	Mod'n
	RB allocation

	
	
	
	FDD
	TDD

	1.4MHz
	
	QPSK
	5
	5

	3MHz
	
	QPSK
	4
	4

	5MHz
	
	QPSK
	8
	8

	10MHz
	
	QPSK
	12
	12

	15MHz
	
	QPSK
	16
	16

	20MHz
	
	QPSK
	18
	18


Proposal
Reference
[1] TS 38.101-2

: “3rd Generation Partnership Project; Technical Specification Group Radio Access Network; NR; User Equipment (UE) radio transmission and reception; Part 2: Range 2 Standalone (Release 15) (V15.4.0 draft)”
[2] TS 38.101-1

: “3rd Generation Partnership Project; Technical Specification Group Radio Access Network; NR; User Equipment (UE) radio transmission and reception; Part 1: Range 1 Standalone (Release 15) (V15.4.0 draft)”
[3] TS 36.101

: “3rd Generation Partnership Project; Technical Specification Group Radio Access Network; Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio transmission and reception (Release 15) (V15.5.0)”
PAGE  
4

