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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. However, uplink modulation scheme is not defined and can varies from test case to test case.   
The purpose of this paper is to provide test point selection proposal for NR Tx spurious emission in FR1.

2. Discussion

As a reference, the initial test conditions for TX spurious emission for LTE is listed (copied from 36.521) below:
	Initial Conditions

	Test Environment

(as specified in TS 36.508 [7] subclause 4.1)
	NC

	Test Frequencies
(as specified in TS36.508 [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, Highest

	Test Parameters for Channel Bandwidths

	
	Downlink Configuration
	Uplink Configuration

	Ch BW
	Mod'n
	RB allocation
	Mod'n
	RB allocation

	
	
	FDD
	TDD
	
	FDD
	TDD

	1.4MHz
	N/A for Spurious Emissions testing
	QPSK
	6
	6

	1.4MHz
	
	QPSK
	1
	1

	3MHz
	
	QPSK
	15
	15

	3MHz
	
	QPSK
	1
	1

	5MHz
	
	QPSK
	25
	25

	5MHz
	
	QPSK
	1
	1

	10MHz
	
	QPSK
	50
	50

	10MHz
	
	QPSK
	1
	1

	15MHz
	
	QPSK
	75
	75

	15MHz
	
	QPSK
	1
	1

	20MHz
	
	QPSK
	100
	100

	20MHz
	
	QPSK
	1
	1

	Note 1:
Test Channel Bandwidths are checked separately for each E-UTRA band, which applicable channel bandwidths are specified in Table 5.4.2.1-1.
Note 2:
The 1 RB allocation shall be tested at both RB #0 and RB #max.


2.1. Test Environment

Based on the baseline test environment proposed in [1], test environment for TX spurious emission measurement for FR1 NR shall follow what is defined as in LTE.
Proposal 1: Propose Test Environment as Normal Conditions (NC) for TX spurious emission measurement in FR1.

2.2. Test Frequencies

In LTE, TX spurious emission measurement is required to be performed at Low, Mid, and High frequency range for all bands. A similar criterion is proposed to be used to verify behaviour of the UE transmitter across test frequencies in NR1 as it will help to evaluate linearity or lack thereof based on frequency under test.
Therefore, in NR FR1, similar test frequencies shall be adopted as for LTE.


Proposal 2: Low range, Mid range, High range shall be tested for NR1 TX spurious emission measurement.
2.3. Test Channel Bandwidth

In LTE, TX spurious emission measurement is required to be performed at Lowest, 5MHz, Highest channel bandwidths for all bands. A similar criterion is proposed to be used to verify frequency selectivity of the UE transmitter across channel bandwidths. This will also enable to evaluate any non-linearity of the UE amplifier across channel bandwidths.
Therefore, it is proposed that in NR1, the lowest, 5MHz and highest channel bandwidths be used to perform the test. The Mid test channel bandwidth could be specified in 38.508-1 for all operating bands.
Observation 2: In LTE, TX spurious emission measurement is required to be performed at Lowest, 5MHz, Highest channel bandwidths for all bands.
Proposal 3: Select Lowest, Mid, and highest test channel bandwidths for NR1 TX spurious emission measurement.
2.4. Test Subcarrier Spacing

Selection of sub carrier spacing shall follow proposal outlined in Reference [2]
[Lowest/Lowest supported SCS per test channel BW, 

Mid/Lowest supported SCS per test channel BW, 

Highest/Lowest supported SCS per test channel BW]

Proposal 4: Selection of SCS shall follow the agreed proposal in [2]
Below are some key data points that will help determine the test subcarrier spacing for the FR1 Spurious Emission tests:

· Lowest SCS: For Tx test cases, a higher spectrum utilization would be a more demanding case and is a key guiding factor when selecting SCS for Tx test cases. As per the below table refenced in [1] the maximum spectrum utilization is achieved with the lowest SCS for a given channel bandwidth. This  
Table 3: Maximum transmission bandwidth configuration NRB
	SCS (kHz)
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	[TBD]
	216
	270
	N/A
	N/A
	N/A

	30
	11
	24
	38
	51
	65
	[TBD]
	106
	133
	162
	217
	273

	60
	N/A
	11
	18
	24
	31
	[TBD]
	51
	65
	79
	107
	135


· Table 4: Spectrum utilization per channel BW and SCS
	SCS (kHz)
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	90,0%
	93,6%
	94,8%
	95,4%
	95,8%
	[TBD]
	97,2%
	97,2%
	N/A
	N/A
	N/A

	30
	79,2%
	86,4%
	91,2%
	91,8%
	93,6%
	[TBD]
	95,4%
	95,8%
	97,2%
	97,7%
	98,3%

	60
	N/A
	79,2%
	86,4%
	86,4%
	89,3%
	[TBD]
	91,8%
	93,6%
	94,8%
	96,3%
	97,2%


· Highest SCS: Highest SCS will have lower number of secondary lobs inside the guardband, if they are not filtered by channel bandwidth filter, this power would cause some unwanted spurious emissions. Based on the number of secondary lobs in guard band, it is therefore proposed to test the Highest SCS supported by UE as well.
Proposal 4: Select Lowest and Highest supported SCS for NR1 TX spurious emission measurement.
2.5. Uplink configuration
As listed in the LTE test condition table above, full and single RB are selected for LTE Tx spurious emission measurement for each channel bandwidth. This selection exercise out of band emission/spurs caused by harmonics, intermod and in the extreme cases.  
FR1 NR shall follow similar RB selection but also extend the single RB case to cover both inner and outer RB locations. This is also consistent with common UL configurations proposed in Reference [3]
Maximum transmission bandwidth configuration NRB for the selected channel bandwidth and SCS allow the maximum spectrum utilization. It also depends on selection of modulation scheme.
As indicated in Observation 4 in Refence [4], CP-OFDM waveform allows to maximize the spectrum utilization for the same channel bandwidth and SCS compared to DFT-s-OFDM waveform
Proposal 5: Maximum RB and single RB with inner and outer RB locations shall be selected for the selected channel bandwidth and SCS. 

Proposal 6: Proposed that CP-OFDM waveform to be selected in order to get the maximum spectrum utilization.

Following similar proposal in Refence [4], In LTE, the lowest modulation and most robust modulation scheme is used to measure the TX spurious emission., the lowest modulation scheme supported for the CP-OFDM is selected for 5G NR.  
Proposal 7: Select QPSK modulation scheme for TX spurious emission measurement for FR1. 
3. Conclusion
In conclusion, the following selection of test points are proposed TX spurious emission measurement:

Proposal 1: Propose Test Environment as Normal Conditions (NC) for TX spurious emission measurement in FR1.

Proposal 2: Low range, Mid range, High range shall be tested for TX spurious emission measurement.
Proposal 3: Select Lowest, Mid, and highest test channel bandwidths for TX spurious emission measurement. 

Proposal 4: Selection of SCS shall follow the agreed proposal in [2]
Proposal 5: Maximum RB and single RB with inner and outer RB locations shall be selected for the selected channel bandwidth and SCS 

Proposal 6: Proposed that CP-OFDM waveform to be selected to get the maximum spectrum utilization.

Proposal 7: Select QPSK modulation scheme for TX spurious emission measurement for FR1. 
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