Page 452
Draft prETS 300 ???: Month YYYY
Title: 	Discussion on test point selection for MPR, SEM and ACLR for intra-band non-contiguous EN-DC
Source: 	Keysight Technologies, Ericsson, Huawei
[bookmark: DocumentFor]Introduction
At RAN5#78, it was agreed a way forward to define test point selection for Tx/Rx test cases in both FR1 and FR2. This agreement included test point selection analysis justifying test environment, test frequencies, test bandwidths, test subcarrier spacing and UL/DL configuration for each test case. This analysis will be captured in TR 38.905. 
The purpose of this contribution is to provide the complete analysis for each parameter included in the Test Configuration Table and propose test points selection for Maximum Power Reduction (MPR), Spectrum Emission mask (SEM) and Adjacent Channel Leakage Ratio (ACLR) tests in intra-band non-contiguous EN-DC.
This paper tries to follow endorsed proposals in R5-197586 [6] in RAN5#84:

The baseline for this combined MPR, SEM and ACLR analysis is, as per 38.905 v17.2.0 [7]: 
38.521-3_TPanalysis_6.2B.2.1_MPR_6.5B.2.1_SEM_6.5B.2.1.3_ACLR.zip (currently reused for MPR 6.2B.2.2)
38.521-3_TP analysis_6.5B.2.2.1_SEM Intra-band non-contiguous_v1.zip
38.521-3_TP analysis_6.5B.2.2.3_ACLR Intra-band non-contiguous_v1.zip
The last 2 papers will be replaced by this one. 

Discussion
The minimum requirements for Spectrum emissions mask for intra-band non-contiguous EN-DC can be found in [1]: 
[bookmark: _Toc21345555][bookmark: _Toc29806404][bookmark: _Toc37255937][bookmark: _Toc37256278][bookmark: _Toc45890112][bookmark: _Toc52381937][bookmark: _Toc61375036]6.5B.2.2.1	Spectrum emissions mask
The spectral emission mask for intra-band non-contiguous EN-DC is a composite of the emission mask for each CC with the level set to the maximum value from each mask for each frequency outside of the transmission bandwidth of either carrier. A composite spectrum emission mask is a combination of individual CC spectrum emissions masks. Where two masks overlap the most relaxed limit is used. Composite spectrum emission mask applies to frequencies up to  ΔfOOB starting from the edges of the sub-blocks. If for some frequency an individual CC spectrum emission mask overlaps with the bandwidth of another CC then the emission mask does not apply for that frequency.
The minimum requirements for Adjacent channel leakage ratio for intra-band non-contiguous EN-DC can be found in [1]: 
[bookmark: _Toc21345557][bookmark: _Toc29806406][bookmark: _Toc37255939][bookmark: _Toc37256280][bookmark: _Toc45890114][bookmark: _Toc52381939][bookmark: _Toc61375038]6.5B.2.2.3	Adjacent channel leakage ratio
For intra-band non-contiguous EN-DC, the EN-DC Adjacent Channel Leakage power Ratio (EN-DCACLR) is the ratio of the sum of the filtered mean powers centred on the assigned E-UTRA and NR sub-block frequencies to the filtered mean power centred on an adjacent channel frequency at nominal channel spacing. In case the sub-block gap bandwidth Wgap is smaller than a E-UTRA or NR sub-block bandwidth, no EN-DCACLR requirement is set for the corresponding sub-block for the gap. The assigned EN-DC sub-block power and adjacent channel power are measured with rectangular filters with measurement bandwidths specified in TS 36.101 [4] for the E-UTRA sub-block, and TS 38.101-1 [2] for the NR sub-block. If the measured adjacent channel power is greater than –50dBm then the EN-DCACLR shall be higher than the value specified in for E-UTRAACLR and NRACLR.


Based on requirement definition and further clarifications in [5], contributions from E-UTRA component and NR component are considered jointly to calculate the SEM/ACLR in EN-DC intra-band non-contiguous scenario. In that case, no leverage from TS 38.521-1 [2] for the NR component, neither from TS 36.521-1 [3] for the E-UTRA component, can be done without previous analysis to test the EN-DC intra-band contiguous configuration.
Observation: E-UTRA component must be active and measured for the whole duration of the test to measure the SEM/ACLR in EN-DC intra-band non-contiguous configuration.
Study for test environment, test frequencies, test bandwidth, test subcarrier spacing and uplink configuration are required for the SEM/ACLR measurement testing in EN-DC intra-band non-contiguous configuration. Hence, configuration of E-UTRA component and NR component must be considered for the whole duration of the test.
Following subclauses introduce study for test environment, test frequencies, test bandwidth, test subcarrier spacing and uplink configuration aspects.
1.1. Test Environment
[bookmark: _Hlk506568541]Based on the baseline agreed in [8], the test environment for the measurement for FR1 can be defined as in LTE, see table 2.1-1 below.
Table 2.1-1 Test environment configuration summary
	Test Case
	Test Environment

	MPR
	NC, TL/VL, TL/VH, TH/VL and TH/VH

	ACLR
	NC, TL/VL, TL/VH, TH/VL and TH/VH

	SEM
	NC






Proposal 1: Define Test Environment as per LTE.

1.2. Test Frequencies
For MPR, ACLR and SEM TP analysis, Low range and High range was selected for FR1 in [2]. It seems reasonable with the same approach for intra-band non-contiguous EN-DC. This selection will drive to test the maximum Wgap.
In order to make a deterministic definition of low and high frequency in case of intra-band non-contiguous, the following one is proposed:
· Low with maxWgap (NR low – E-UTRA high);
· High with maxWgap (E-UTRA low – NR high)


Proposal 2: Select Low with maxWgap (NR low – E-UTRA high) and High with maxWgap (E-UTRA low – NR high) as test frequencies.

1.3. Test Channel Bandwidth
Lowest and highest channel bandwidth is tested in MPR, ACLR and SEM for LTE in [3] and NR SA FR1 in [2]. In LTE, in fact, 5MHz and 10MHz are also explicitly required. However, current intra-band non-contiguous combinations defined in 38.508-1 [4], section 4.3.1.4.3, define certain restrictions to the bandwidth per carrier to use.  
It is proposed then to limit testing to lowest and highest channel bandwidth per carrier among the valid values defined for intra-band non-contiguous in 38.508-1 [4], section 4.3.1.4.3. 
In order to save testing combinations, it is proposed to test only the combinations with all carrier set to lowest bandwidth and all carriers set to highest bandwidth.
Proposal 3: For each carrier, select Lowest and Highest channel bandwidth from the corresponding supported combination for intra-band non-contiguous defined in 38.508-1 [4], section 4.3.1.4.3.
Proposal 4: To test only the combinations with all carriers set to lowest bandwidth and all carriers set to highest bandwidth.
Table 2.3-1 Test channel bandwidth summary
	Test Case
	Test Frequencies

	MPR
	Lowest, Highest

	ACLR
	Lowest, Highest

	SEM
	Lowest, Highest






1.4. Test Subcarrier Spacing
Selection of Test Subcarrier Spacing only applies for NR component. In that case, leveraging from test point analysis for NR SA FR1 can be done. In that case, only Lowest and Highest SCS is tested.
Proposal 5: Select Lowest and Highest SCS for NR component.
 Table 2.4-1 Test subcarrier spacing summary
	Test Case
	Test Subcarrier Spacing

	MPR
	Lowest, Highest SCS

	ACLR
	Lowest, Highest SCS

	SEM
	Lowest, Highest SCS







1.5. Uplink configuration
For NR carrier, for SEM and ACLR, proposed to leverage the TP analysis for NR SA FR1 with the following exceptions:
· Not to test almost contiguous allocations since this is an optional feature.
· Select only combinations that can be tested with any UE Power Class.
· Not to test Inner_Full allocation to save testing time, since there is no strong reason to test it for ACLR measurements.
Leveraging also the test point analysis for MPR, ACLR and SEM for intra-band contiguous EN-DC (“38.521-3_TPanalysis_6.2B.2.1_MPR_6.5B.2.1_SEM_6.5B.2.1.3_ACLR.zip” contained in [7]), proposed to test the following configurations:
· 1 RB allocation at the outer edge of NR component. 
· 1 RB allocation at the outer edge of E-UTRA component.
· 1 RB allocation at both edges of the aggregated channel bandwidth.
· Maximum transmission bandwidth for the aggregated channel bandwidth.
· One test point with Edge_full allocation
In order to reduce testing time, the following simplifications are proposed:
· Measure the 1 RB at the outer left edge only in Low range.
· Measure the 1 RB at the outer right edge only in High range. 
· For higher modulation orders, as 64QAM and 256QAM, not to test non overlapping transmissions in time and limit testing of the partial allocations to those at the band edge.
· For SEM and ACLR, in case of overlapping transmission, limit testing of the partial allocations to those at the band edge 

For MPR ACLR SEM test cases in FR1, both DFT-s-OFDM and CP-OFDM waveforms were chosen. It seems reasonable with the same approach for EN-DC operation.
Proposal 6: Select DFT-s-OFDM and CP-OFDM waveforms.
Proposal 7: For the NR carrier, leverage the TP analysis for NR SA FR1 and TP analysis for MPR, ACLR and SEM for intra-band contiguous EN-DC taking into account the intra-band non-contiguous test frequencies definition with certain simplifications to save testing time. Proposed modulation and RB allocation for NR carrier is summarized in Table 2.5-1.

For LTE carrier, proposed also to leverage the TP analysis for LTE SEM and ACLR single carrier tests because requirements from the single carrier tests apply for SEM and ACLR intra-band non-contiguous EN-DC tests. In those cases, it is always tested full allocation and also a partial allocation whose location depends on the test frequency. In order to ensure SEM and ACLR test points are a subset of the MPR test points, it is proposed to use Outer_1RB as partial allocations.  
Regarding LTE modulation, QPSK and 16 QAM is tested in the single carrier tests. In case of MPR intra-band non-contiguous EN-DC test, minimum requirements do not depend on LTE modulation so both could be tested.To ensure SEM and ACLR test points are a subset of the MPR test points, it is proposed to test both.  

In order to save testing combinations, it is proposed to test LTE full allocation only when testing NR Outer_Full allocation and to test LTE partial allocation only when testing NR partial allocation. In the same line, propose to test QPSK for LTE when testing QPSK or PI/2 BPSK in NR and to test 16 QAM for LTE otherwise. 

Proposal 8: For LTE carrier, proposed also to leverage the TP analysis for LTE single carrier test, simplifying the combinations with the NR UL configuration as summarized in table 2.5-1, to minimize testing time and ensure SEM and ACLR test points are a subset of MPR test points.

No exception requirements exist for E-UTRA or NR for MPR without transmission overlap for UE’s supporting DPS. As per the guidelines, LTE anchor agnostic approach could be applied. However, it’s important to test the exact same configuration as in corresponding ACLR test case in 38.521-3. This could not be met with an anchor agnostic approach. Also, mixing anchor agnostic and none anchor agnostic approach within the same test case should be avoided. Therefore, an exception to the anchor agnostic approach is suggested.
Proposal 9: Add test points with and without transmission overlap for UEs that support/don’t support dynamic power sharing. Anchor agnostic approach is not applied. 

Table 2.5-1 UL configuration summary per test frequency

	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	



	Freq
	NR Uplink Configuration
	E-UTRA Uplink Configuration
	Common

	
	Modulation 

	RB allocation 
(NOTE 1)
	Modulation
	RB allocation 
(NOTE 2)
	Power config
(NOTE 3)

	Low
	DFT-s-OFDM Pi/2 BPSK
	Edge_1RB_Left
	QPSK
	Outer_1_RB_Right
	B

	High
	DFT-s-OFDM Pi/2 BPSK
	Edge_1RB_Right
	QPSK
	Outer_1_RB_Left
	B

	Default
	DFT-s-OFDM Pi/2 BPSK
	Outer Full
	QPSK
	Outer_Full
	B

	Low
	DFT-s-OFDM Pi/2 BPSK
	Edge_1RB_Left
	QPSK
	N/A
	A

	High
	DFT-s-OFDM Pi/2 BPSK
	Edge_1RB_Right
	QPSK
	N/A
	A

	Low
	DFT-s-OFDM Pi/2 BPSK
	N/A
	QPSK
	Outer_1_RB_Right
	A

	High
	DFT-s-OFDM Pi/2 BPSK
	N/A
	QPSK
	Outer_1_RB_Left
	A

	Low
	DFT-s-OFDM QPSK
	Edge_1RB_Left
	QPSK
	Outer_1_RB_Right
	B

	High
	DFT-s-OFDM QPSK
	Edge_1RB_Right
	QPSK
	Outer_1_RB_Left
	B

	Default
	DFT-s-OFDM QPSK
	Outer Full
	QPSK
	Outer_Full
	B

	Low
	DFT-s-OFDM QPSK
	Edge_1RB_Left
	QPSK
	N/A
	A

	High
	DFT-s-OFDM QPSK
	Edge_1RB_Right
	QPSK
	N/A
	A

	Low
	DFT-s-OFDM QPSK
	N/A
	QPSK
	Outer_1_RB_Right
	A

	High
	DFT-s-OFDM QPSK
	N/A
	QPSK
	Outer_1_RB_Left
	A

	Low
	DFT-s-OFDM 16 QAM
	Edge_1RB_Left
	16QAM
	Outer_1_RB_Right
	B

	High
	DFT-s-OFDM 16 QAM
	Edge_1RB_Right
	16QAM
	Outer_1_RB_Left
	B

	Default
	DFT-s-OFDM 16 QAM
	Outer Full
	16QAM
	Outer_Full
	B

	Low
	DFT-s-OFDM 16 QAM
	Edge_1RB_Left
	16QAM
	N/A
	A

	High
	DFT-s-OFDM 16 QAM
	Edge_1RB_Right
	16QAM
	N/A
	A

	Low
	DFT-s-OFDM 16 QAM
	N/A
	16QAM
	Outer_1_RB_Right
	A

	High
	DFT-s-OFDM 16 QAM
	N/A
	16QAM
	Outer_1_RB_Left
	A

	Low
	DFT-s-OFDM 64 QAM
	Edge_1RB_Left
	16QAM
	Outer_1_RB_Right
	B

	High
	DFT-s-OFDM 64 QAM
	Edge_1RB_Right
	16QAM
	Outer_1_RB_Left
	B

	Default
	DFT-s-OFDM 64 QAM
	Outer Full
	16QAM
	Outer_Full
	B

	Low
	DFT-s-OFDM 256 QAM
	Edge_1RB_Left
	16QAM
	Outer_1_RB_Right
	B

	High
	DFT-s-OFDM 256 QAM
	Edge_1RB_Right
	16QAM
	Outer_1_RB_Left
	B

	Default
	DFT-s-OFDM 256 QAM
	Outer Full
	16QAM
	Outer_Full
	B

	Low
	CP-OFDM QPSK
	Edge_1RB_Left
	QPSK
	Outer_1_RB_Right
	B

	High
	CP-OFDM QPSK
	Edge_1RB_Right
	QPSK
	Outer_1_RB_Left
	B

	Default
	CP-OFDM QPSK
	Outer Full
	QPSK
	Outer_Full
	B

	Low
	CP-OFDM QPSK
	Edge_1RB_Left
	QPSK
	N/A
	A

	High
	CP-OFDM QPSK
	Edge_1RB_Right
	QPSK
	N/A
	A

	Low
	CP-OFDM QPSK
	N/A
	QPSK
	Outer_1_RB_Right
	A

	High
	CP-OFDM QPSK
	N/A
	QPSK
	Outer_1_RB_Left
	A

	Low
	CP-OFDM 16 QAM
	Edge_1RB_Left
	16QAM
	Outer_1_RB_Right
	B

	High
	CP-OFDM 16 QAM
	Edge_1RB_Right
	16QAM
	Outer_1_RB_Left
	B

	Default
	CP-OFDM 16 QAM
	Outer Full
	16QAM
	Outer_Full
	B

	Low
	CP-OFDM 16 QAM
	Edge_1RB_Left
	16QAM
	N/A
	A

	High
	CP-OFDM 16 QAM
	Edge_1RB_Right
	16QAM
	N/A
	A

	Low
	CP-OFDM 16 QAM
	N/A
	16QAM
	Outer_1_RB_Right
	A

	High
	CP-OFDM 16 QAM
	N/A
	16QAM
	Outer_1_RB_Left
	A

	Low
	CP-OFDM 64 QAM
	Edge_1RB_Left
	16QAM
	Outer_1_RB_Right
	B

	High
	CP-OFDM 64 QAM
	Edge_1RB_Right
	16QAM
	Outer_1_RB_Left
	B

	Default
	CP-OFDM 64 QAM
	Outer Full
	16QAM
	Outer_Full
	B

	Low
	CP-OFDM 256 QAM
	Edge_1RB_Left
	16QAM
	Outer_1_RB_Right
	B

	High
	CP-OFDM 256 QAM
	Edge_1RB_Right
	16QAM
	Outer_ Outer_1_RB_Left
	B

	Default
	CP-OFDM 256 QAM
	Outer Full
	16QAM
	Full
	B

	Low
	CP-OFDM 256 QAM
	Edge_Full_Left
	16QAM
	Edge_Full_Right 
(Note 4)
	B

	NOTE 1:	The specific configuration of each RB allocation is defined in Table 6.1-1 in 38.521-1 [2].
NOTE 2: For a given E-UTRA channel BW, Full allocation refers to the higher allocation defined in table 6.6.2.1.4.1-1 in 36.521-1 [3].
NOTE 3: Power Config A means E-UTRA UL transmission not overlapping with NR UL transmission in time Power Config B means E-UTRA UL transmission overlapping with NR UL transmission in time.
NOTE 4: Edge_Full_Right is defined as 2 RBs allocated at the right edge of the E-UTRA component




Conclusion
It is proposed that RAN5 discusses and agrees the following proposals for open areas described in section 2 of this document to progress on SEM for intra-band non-contiguous EN-DC definition:
Proposal 1: Define Test Environment as per LTE.Proposal 2: Select Low with maxWgap (NR low – E-UTRA high) and High with maxWgap (E-UTRA low – NR high) as test frequencies.
Proposal 3: For each carrier, select Lowest and Highest channel bandwidth from the corresponding supported combination for intra-band non-contiguous defined in 38.508-1 [4], section 4.3.1.4.3.
Proposal 4: To test only the combinations with all carriers set to lowest bandwidth and all carriers set to highest bandwidth.
Proposal 5: Select Lowest and Highest SCS for NR component.
Proposal 6: Select DFT-s-OFDM and CP-OFDM waveforms.
Proposal 7: For the NR carrier, leverage the TP analysis for NR SA FR1 and TP analysis for MPR, ACLR and SEM for intra-band contiguous EN-DC taking into account the intra-band non-contiguous test frequencies definition with certain simplifications to save testing time. Proposed modulation and RB allocation for NR carrier is summarized in Table 2.5-1.
Proposal 8: For LTE carrier, proposed also to leverage the TP analysis for LTE single carrier test, simplifying the combinations with the NR UL configuration as summarized in table 2.5-1, to minimize testing time and ensure SEM and ACLR test points are a subset of MPR test points.
Proposal 9: Add test points with and without transmission overlap for UEs that support/don’t support dynamic power sharing. Anchor agnostic approach is not applied. 

[bookmark: _Hlk526881941]Number of test points
Along this document several proposals have been stated for different configuration parameters. In all of cases the analysis has been focused on reducing testing time without losing quality in UE testing for NR. Table 4-1 shows the total number of test points for SEM intra-band non-contiguous EN-DC test case.

Table 4-1 Maximum Number of Test Steps for MPR, ACLR and SEM intra-band non-contiguous
	Test Case
	Number of Enviromental conditions
	Number SCS
	Maximum Number of ChBW
	Maximum Number of Frequencies
	Number of steps (mod and RB)
	Maximum Number of Test Steps

	MPR
	5
	2
	2
	2 for simultaneous transmission with RB allocation other than 1RB_Left/Right, 1 for none simultaneous transmission
	28 for simultaneous transmission (19 of them with 1RB_Left/Right allocation), 
20 for none simultaneous transmission
	
1140

	ACLR
	5
	2
	2
	2 for simultaneous transmission with RB allocation other than 1RB_Left/Right, 1 for none simultaneous transmission
	28 for simultaneous transmission (19 of them with 1RB_Left/Right allocation), 
20 for none simultaneous transmission
	
1140

	SEM
	1
	2
	2
	2 for simultaneous transmission with RB allocation other than 1RB_Left/Right, 1 for none simultaneous transmission
	28 for simultaneous transmission (19 of them with 1RB_Left/Right allocation), 
20 for none simultaneous transmission
	228



The number of test points do not have a straightforward calculation considering the combination of all factors between them. Partial RB allocations are only tested in one frequency, as summarized in table 2.5-2.
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