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1. Introduction
Generic initial test conditions, such as environmental conditions, test frequencies, channel bandwidths, subcarrier spacing (SCS) are discussed in previous RAN5 presentation [1] and [2]. The general agreement is that FR1 testing mostly follows similar requirement as for LTE. A recent paper [3] also referenced to an agreed common uplink configuration table for all TX test cases.
In another RAN5 paper (R5-185892), it proposed that NR test point selection shall follow what is specified in SA scenarios. LTE test points can be reduced. 

The purpose of this paper is to propose test point selection of MPR testing in intra-band Contiguous EN-DC.  Considering there are so many EN-DC combos expected to be supported, it is reasonable to carefully investigate the possibility of reducing test points. Since the objective of 38.521-3 specification is provide conformance testing requirement for NR in the case of EN-DC scenarios, the number of LTE test points may be reduced.  

TS38.521-3 include exception test cases and non-exception test cases for intra-band Contiguous EN-DC with FR1. The exceptional test cases must be tested as per configurations defined in TS38.521-3. 

2. Discussion

As a reference, below is the general initial conditions used for LTE MPR testing:

	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
	Low range, Mid range, High range

	Test Channel Bandwidths as specified in
TS 36.508 [7] subclause 4.3.1
	Lowest, 5MHz, 10MHz, Highest

	Test Parameters for Channel Bandwidths

	
	Downlink Configuration
	Uplink Configuration

	Ch BW
	N/A for Maximum Power Reduction (MPR) test case
	Mod'n
	RB allocation

	
	
	
	FDD
	TDD

	1.4MHz
	
	QPSK
	5
	5

	1.4MHz
	
	QPSK 
	6
	6

	1.4MHz
	
	16QAM
	5
	5

	1.4MHz
	
	16QAM
	6
	6

	3.0MHz
	
	QPSK
	4
	4

	3.0MHz
	
	QPSK 
	15
	15

	3.0MHz
	
	16QAM
	4
	4

	3.0MHz
	
	16QAM
	15
	15

	5MHz
	
	QPSK
	8
	8

	5MHz
	
	QPSK 
	25
	 25

	5MHz
	
	16QAM
	8
	8

	5MHz
	
	16QAM
	25
	25

	10MHz
	
	QPSK
	12
	12

	10MHz
	
	QPSK 
	50
	50

	10MHz
	
	16QAM
	12
	12

	10MHz
	
	16QAM
	50

(Note 3)
	50

(Note 3)

	15MHz
	
	QPSK
	16
	16

	15MHz
	
	QPSK 
	75
	75

	15MHz
	
	16QAM
	16
	16

	15MHz
	
	16QAM
	75

(Note 3)
	75

(Note 3)

	20MHz
	
	QPSK
	18
	18

	20MHz
	
	QPSK 
	100
	100

	20MHz
	
	16QAM
	18
	18

	20MHz
	
	16QAM
	100

(Note 3)
	100

(Note 3)

	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.
Note 2:
The RBstart of partial RB allocation shall be RB#0 and RB# (max + 1 - RB allocation) of the channel bandwidth.

Note 3:
Applies only for UE-Categories ≥2.


And general initial conditions used for NR MPR testing for power class 3 and power class 2 [3]. 
	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, High range

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

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

	Test Parameters for Channel Bandwidths

	Test ID
	Freq
	Downlink Configuration
	Uplink Configuration

	
	
	N/A for Maximum Power 
	Modulation (NOTE 2)
	RB allocation (NOTE 1)

	13
	Default
	Reduction (MPR) test case
	DFT-s-OFDM PI/2 BPSK
	Inner Full

	23
	Low
	
	DFT-s-OFDM PI/2 BPSK
	Edge_1RB_Left

	33
	High
	
	DFT-s-OFDM PI/2 BPSK
	Edge_1RB_Right

	43
	Default
	
	DFT-s-OFDM PI/2 BPSK
	Outer Full

	54
	Default
	
	DFT-s-OFDM PI/2 BPSK
	Inner Full

	64
	Low
	
	DFT-s-OFDM PI/2 BPSK
	Edge_1RB_Left

	74
	High
	
	DFT-s-OFDM PI/2 BPSK
	Edge_1RB_Right

	84
	Default
	
	DFT-s-OFDM PI/2 BPSK
	Outer Full

	9
	Default
	
	DFT-s-OFDM QPSK
	Inner Full

	10
	Low
	
	DFT-s-OFDM QPSK
	Edge_1RB_Left

	11
	High
	
	DFT-s-OFDM QPSK
	Edge_1RB_Right

	12
	Default
	
	DFT-s-OFDM QPSK
	Outer Full

	13
	Default
	
	DFT-s-OFDM 16 QAM
	Inner Full

	14
	Low
	
	DFT-s-OFDM 16 QAM
	Edge_1RB_Left

	15
	High
	
	DFT-s-OFDM 16 QAM
	Edge_1RB_Right

	16
	Default
	
	DFT-s-OFDM 16 QAM
	Outer Full

	17
	Low
	
	DFT-s-OFDM 64 QAM
	Edge_1RB_Left

	18
	High
	
	DFT-s-OFDM 64 QAM
	Edge_1RB_Right

	11
	Default
	
	DFT-s-OFDM 64 QAM
	Outer Full

	20
	Low
	
	DFT-s-OFDM 256 QAM
	Edge_1RB_Left

	21
	High
	
	DFT-s-OFDM 256 QAM
	Edge_1RB_Right

	22
	Default
	
	DFT-s-OFDM 256 QAM
	Outer Full

	23
	Default
	
	CP-OFDM QPSK
	Inner Full

	24
	Low
	
	CP-OFDM QPSK
	Edge_1RB_Left

	25
	High
	
	CP-OFDM QPSK
	Edge_1RB_Right

	26
	Default
	
	CP-OFDM QPSK
	Outer Full

	27
	Default
	
	CP-OFDM 16 QAM
	Inner Full

	28
	Low
	
	CP-OFDM 16 QAM
	Edge_1RB_Left

	29
	High
	
	CP-OFDM 16 QAM
	Edge_1RB_Right

	30
	Default
	
	CP-OFDM 16 QAM
	Outer Full

	31
	Low
	
	DFT-s-OFDM 64 QAM
	Edge_1RB_Left

	32
	High
	
	DFT-s-OFDM 64 QAM
	Edge_1RB_Right

	33
	Default
	
	CP-OFDM 64 QAM
	Outer Full

	34
	Low
	
	DFT-s-OFDM 256 QAM
	Edge_1RB_Left

	35
	High
	
	DFT-s-OFDM 256 QAM
	Edge_1RB_Right

	36
	Default
	
	CP-OFDM 256 QAM
	Outer Full

	NOTE 1:
The specific configuration of each RB allocation is defined in Table 6.1-1.

NOTE 2:
DFT-s-OFDM PI/2 BPSK test applies only for UEs which supports half Pi BPSK in FR1. 

NOTE 3:
UE operating in TDD mode with PI/2 PBSK modulation and UE indicates support for UE capability [powerBoosting-pi2BPSK] and the IE powerBoostPi2BPSK is set to 1 for bands n40, n41, n77, n78 and n79.
NOTE 4:
UE operating in FDD mode, or in TDD mode in bands other than n40, n41, n77, n78 and n79, or in TDD mode the IE powerBoostPi2BPSK is set to 0 for bands n40, n77, n78 and n79.


Table 6.2.2.4.1-2: Test Configuration Table for Power Class 2

	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, High range

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

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

	Test Parameters for Channel Bandwidths

	Test ID
	Freq
	Downlink Configuration
	Uplink Configuration

	
	
	N/A for Maximum Power 
	Modulation (NOTE 2)
	RB allocation (NOTE 1)

	1
	Default
	Reduction (MPR) test case
	DFT-s-OFDM PI/2 BPSK
	Inner Full

	2
	Low
	
	DFT-s-OFDM PI/2 BPSK
	Edge_1RB_Left

	3
	High
	
	DFT-s-OFDM PI/2 BPSK
	Edge_1RB_Right

	4
	Default
	
	DFT-s-OFDM PI/2 BPSK
	Outer Full

	5
	Default
	
	DFT-s-OFDM QPSK
	Inner Full

	6
	Low
	
	DFT-s-OFDM QPSK
	Edge_1RB_Left

	7
	High
	
	DFT-s-OFDM QPSK
	Edge_1RB_Right

	8
	Default
	
	DFT-s-OFDM QPSK
	Outer Full

	9
	Default
	
	DFT-s-OFDM 16 QAM
	Inner Full

	10
	Low
	
	DFT-s-OFDM 16 QAM
	Edge_1RB_Left

	11
	High
	
	DFT-s-OFDM 16 QAM
	Edge_1RB_Right

	12
	Default
	
	DFT-s-OFDM 16 QAM
	Outer Full

	13
	Low
	
	DFT-s-OFDM 64 QAM
	Edge_1RB_Left

	14
	High
	
	DFT-s-OFDM 64 QAM
	Edge_1RB_Right

	15
	Default
	
	DFT-s-OFDM 64 QAM
	Outer Full

	16
	Low
	
	DFT-s-OFDM 256 QAM
	Edge_1RB_Left

	17
	High
	
	DFT-s-OFDM 256 QAM
	Edge_1RB_Right

	18
	Default
	
	DFT-s-OFDM 256 QAM
	Outer Full

	19
	Default
	
	CP-OFDM QPSK
	Inner Full

	20
	Low
	
	CP-OFDM QPSK
	Edge_1RB_Left

	21
	High
	
	CP-OFDM QPSK
	Edge_1RB_Right

	22
	Default
	
	CP-OFDM QPSK
	Outer Full

	23
	Default
	
	CP-OFDM 16 QAM
	Inner Full

	24
	Low
	
	CP-OFDM 16 QAM
	Edge_1RB_Left

	25
	High
	
	CP-OFDM 16 QAM
	Edge_1RB_Right

	26
	Default
	
	CP-OFDM 16 QAM
	Outer Full

	27
	Low
	
	CP-OFDM 64 QAM
	Edge_1RB_Left

	28
	High
	
	CP-OFDM 64 QAM
	Edge_1RB_Right

	29
	Default
	
	CP-OFDM 64 QAM
	Outer Full

	30
	Low
	
	CP-OFDM 256 QAM
	Edge_1RB_Left

	31
	High
	
	CP-OFDM 256 QAM
	Edge_1RB_Right

	32
	Default
	
	CP-OFDM 256 QAM
	Outer Full

	NOTE 1:
The specific configuration of each RB allocation is defined in Table 6.1-1.

NOTE 2:
DFT-s-OFDM PI/2 BPSK test applies only for UEs which supports half Pi BPSK in FR1.


2.1. Test Environment

Based on the baseline test environment proposed in [1], test environment for MPR measurement for FR1 NR shall follow what is defined as in LTE. Same rule shall be used for EN-DC RF testing. 

Proposal 1: Select Test Environment as Normal, TL/VL, TL/VH, TH/VL, TH/VH for MPR measurement for EN-DC.

2.2.  Test Frequencies selection for intra-band contiguous EN-DC 
For MPR test case in 38.521-1 [3], Low range and High range was selected. It seems reasonable with the same approach for MPR intra-band contiguous EN-DC.

Proposal 2: Select Low range and High range test frequencies for MPR intra-band contiguous EN-DC.
2.3. Test Channel Bandwidth selection

For intra-band contiguous EN-DC exceptional testcase, the test channel bandwidth selection for both NR and E-UTRA are EN-DC combo dependent, see table 5.3B.1.2-1 in TS 38.101-3 [8]. There are fixed channel bandwidth pairs required for these exceptional test scenarios.
For MPR test case in 38.521-1 [3], Lowest and Highest test BW was selected. It seems reasonable with the same approach for MPR intra-band contiguous EN-DC.    
Proposal 3: Select Lowest aggregated BW and Highest aggregated BW for MPR intra-band contiguous EN-DC.
2.4. Test Sub-Carrier Spacing (SCS) selection 

For NR Maximum Output Power Reduction (MPR) testing in FR1, highest and lowest SCS was chosen. It seems reasonable with the same approach for MPR Intra-band Contiguous EN-DC test case.

Proposal 4: Select Lowest and Highest supported SCS for MPR intra-band contiguous EN-DC.

2.5. EN-DC power sharing

2.5.1. Static power sharing (SPS)
As per 38.101-3 [8], clause 6.2B.4.1.1;

· As for a UE not indicating support of dynamicPowerSharing, the A-MPRc is determined in accordance with sub-clause 6.2B.3.1 with parameters applicable for UEs not indicating support of dynamicPowerSharing and MPRc = 0 dB;
Observation 1: Giving the fact that MPRc = 0 dB for static power sharing, in addition to A-MPR test case, no specific MPR test point is needed since the requirement will be implicitly be tested in A-MPR test case. Also, configured output power test case will cover the case with MPR = 0 dB. 
Proposal 5: No test point is needed for UEs not supporting dynamic power sharing in test case Maximum Output Power Reduction (MPR) for Intra-band Contiguous EN-DC.
2.5.2. Dynamic power sharing (DPS), transmission overlap
As per 38.101-3 [8], clause 6.2B.4.1.1;
· for a UE indicating support of dynamicPowerSharing, A-MPRc = A-MPR'c with A-MPR'c determined in accordance with sub-clause 6.2B.3.1 and MPRc = 0 dB if transmission(s) in subframe p on CG 1 overlap in time with physical channel q on CG 2;
Observation 2: Giving the fact that MPRc = 0 dB during transmission overlap for UEs supporting dynamic power sharing, in addition to A-MPR test case, no specific MPR test point is needed since the requirement will be implicitly be tested in A-MPR test case. Also, configured output power test case will cover the case with MPR = 0 dB.
Proposal 6: No test point is needed for transmission overlap for UEs supporting dynamic power sharing in test case Maximum Output Power Reduction (MPR) for Intra-band Contiguous EN-DC.
2.5.3. Dynamic power sharing (DPS), no transmission overlap
If the transmissions from NR and E-UTRA do not overlap, then the complete sub-clauses for configured transmitted power for E-UTRA and NR respectively from their own specifications apply with the modifications specified above.
…
Observation 3: Test points to test NR MPR and E-UTRA MPR are needed for the case with no transmission overlap for UE’s supporting dynamic power sharing.
The total configured power, NR + E-UTRA needs to be less than or equal to PPowerClass, EN-DC. We suggest to split the power equally between the two carriers, i.e. 20 dBm per carrier for a class 3 UE. 
Proposal 7: Define E-UTRA and NR test points for no transmission overlap for UEs supporting dynamic power sharing with equal power configured on the both carriers.  
2.6. RB allocation and RB location selections
It seems reasonable to use the same E-UTRA RB allocation as the MPR test case in 36.521-1 [9] to test different MPR values.
It seems reasonable to use the same NR RB allocation as corresponding MPR test case in 38.521-1 [3] to test different MPR values.
Proposal 8: Select the same E-UTRA RB allocation as the MPR test case in 36.521-1 [9].

Proposal 9: Select the same NR RB allocation as the MPR test case in 38.521-1 [3].  
2.7. Modulation selections

It seems reasonable to use the same E-UTRA modulation as the MPR test case in 36.521-1 [9] to test different MPR values.

For NR Maximum Output Power Reduction (MPR) testing in FR1 [3], all modulation types were chosen. It seems reasonable with the same approach for Maximum Output Power Reduction (MPR) for Intra-band Contiguous EN-DC test case, i.e. the following modulations; DFT-s-OFDM PI/2 BPSK, DFT-s-OFDM QPSK, DFT-s-OFDM 16 QAM, DFT-s-OFDM 64 QAM, DFT-s-OFDM 256 QAM, CP-OFDM QPSK, CP-OFDM 16 QAM, CP-OFDM 64 QAM, CP-OFDM 256 QAM.
For NR Maximum Output Power Reduction (MPR) testing in FR1, both DFT-s-OFDM and CP-OFDM waveforms were chosen. It seems reasonable with the same approach for Maximum Output Power Reduction (MPR) for Intra-band Contiguous EN-DC test case.

Proposal 10: Select the same E-UTRA modulation as the MPR test case in 36.521-1 [9]. 
Proposal 11: Select the same NR modulation as the MPR test case in 38.521-1 [3]. 
2.8. Number of Test Points 
	Environmental

conditions
	Maximum Number of Frequencies 
	Maximum Number of ChBW
	Number SCS
	Number  of steps (mod and RB)
	Maximum Number of Test Steps

	5
	
	
	
	
	


3. Conclusion
In conclusion, the following selection of test points are proposed for Maximum Output Power Reduction (MPR) for Intra-band Contiguous EN-DC 
Proposal 1: Select Test Environment as Normal, TL/VL, TL/VH, TH/VL, TH/VH
Proposal 2: Select Low range and High range test frequencies for MPR intra-band contiguous EN-DC. 
Proposal 3: Select Lowest aggregated BW and Highest aggregated BW for MPR intra-band contiguous EN-DC.

Proposal 4: Select Lowest and Highest supported SCS for MPR intra-band contiguous EN-DC.

Proposal 5: No test point is needed for UEs not supporting dynamic power sharing.

Proposal 6: No test point is needed for transmission overlap for UEs supporting dynamic power sharing.
Proposal 7: Define E-UTRA and NR test points for no transmission overlap for UEs supporting dynamic power sharing with equal power configured on the both carriers.  

Proposal 8: Select the same E-UTRA RB allocation as the MPR test case in 36.521-1 [9].

Proposal 9: Select the same NR RB allocation as the MPR test case in 38.521-1 [3].

Proposal 10: Select the same E-UTRA modulation as the MPR test case in 36.521-1 [9]. 

Proposal 11: Select the same NR modulation as the MPR test case in 38.521-1 [3]. 
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