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Discussion and Endorsement
1 Introduction

During the last meeting RAN5#86-e (Feb.-2020), a portion of EN-DC configurations have been marked as 100% completed. However, the default test setting as defined in TS 38.521-3 is not perfect enough to ensure that all protected bands of each EN-DC configuration can be tested in term of spurious emission band UE co-existence. Consequently, the current test configuration of TS 38.521-3 is actually incomplete for spurious emission band UE co-existence. 
The purpose of this contribution is to illustrate why additional test setting needs to be analysed per inter-band EN-DC configuration so that all protected bands can be covered by the configured testing points in TX spurious emission test cases.

2 Discussion

All UEs supporting EN-DC configurations are expected to meet the spurious emission band UE co-existence requirement so that UE transmitter does not cause unacceptable interference to other channels or other systems. From TS 38.521-3, the initial test conditions for TX spurious emission for EN-DC is listed below.
	Initial Conditions

	Test Environment

as specified in TS 38.508-1 [6] clause 4.1
	NC

	Test Frequencies

as specified in TS 38.508-1 [6] clause 4.3.1
	For test frequencies refer to "Range" columns.

	Test EN-DC bandwidth combination as specified in Table 5.3B.1.2-1
	Refer to "NR NRB"and "E-UTRA NRB " columns

	Test SCS for the NR cell as specified in TS 38.521-1 [8] Table 5.3.5-1
	Lowest SCS per Channel Bandwidth

	Test Parameters for DC Configurations

	ID
	DC Configuration / NRB_agg
	DL Allocation
	UL Allocation (Note 1,2)

	
	DC Configuration
	E-UTRA 

Ch BW/NRB
	NR 

Ch BW/NRB
	CC MOD

E-UTRA/NR
	E-UTRA & NR RB allocation
	CC MOD 

E-UTRA/NR
	E-UTRA & NR allocations
(LCRB @ RBstart)

	
	E-UTRA
	NR
	
	
	
	
	
	

	
	Band
	Range
	Band
	Range
	
	
	
	
	
	

	Default Test Settings for a CA_XA-YA Configuration

	1
	X
	Low
	Y
	Low
	Highest NRB_agg /Highest NRB
	Highest NRB_agg /Highest NRB
	QPSK/CP-OFDM QPSK
	NA
	QPSK / CP-OFDM QPSK
	1@0
	1@0

	2
	X
	High
	Y
	High
	Highest NRB_agg /Highest NRB
	Highest NRB_agg /Highest NRB
	QPSK/CP-OFDM QPSK
	NA
	QPSK / CP-OFDM QPSK
	1@RBmax
	1@RBmax

	Note 1:
Use DC Configuration – specific test points if present in the table, otherwise use test points from matching Group Test Settings, if present in the table. Otherwise use the Default Test Settings test points.

Note 2:
X, Y correspond to the different bands in the DC Configuration. E.g. for DC_1A-n3A, X=1, Y=3.


2.1 Test Frequency selection
Except for the EN-DC configurations described separately in the above table, all other R15 EN-DC configurations are tested under the default test settings, where both low range and high range are selected by both NR carrier and E-UTRA carrier for spurious emission for EN-DC within FR1. However, the default test points as defined in TS 38.521-3 may bring about the following two issues:

a) the intermodulation products caused by default test frequency may not occur in each protected band corresponding to a EN-DC configuration, 
b) the default points may be not required for some EN-DC configurations because no protected bands can be covered by the default test.

In order to make the above issues understood better, the EN-DC configuration DC_66A-n78A are analysed to figure out which test points can visit all protected bands. The possible frequency range where intermodulation could occur is calculated in the following table.
	
	LTE band X
	
	NR band Y
	

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1710.0
	1780.0
	3300.0
	3800.0

	2nd order IMD products
	|fx_low – fy_high|
	|fx_high – fy_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	2090.0
	1520.0
	5010.0
	5580.0

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)
	380.0
	260.0
	4820.0
	5890.0

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	6720.0
	7360.0
	8310.0
	9380.0


Given those protected bands specified in the minimum requirement in TS 38.101-3, whether all protected bands can be covered by the default points or not is verified in the following table. If the intermodulation products caused by default points falls into the protected bands, the relevant cell is yellow highlighted. From this table, it is observed that E-UTRA band 3 and E-UTRA band 39 are not covered by the default test setting, and the default test point with low-range frequency for both NR carrier and E-UTRA carrier does not cover any protected bands. 
	
	1 RB allocations (default)
	E-UTRA band
	E-UTRA band
	E-UTRA band

	
	Channel BW: 20 MHz + 100 MHz (highest)
	3
	34
	39

	
	
	1805.0
	2010.0
	1880.0

	
	band X
	band Y
	1880.0
	2025.0
	1920.0

	
	66
	78
	　
	　
	　

	
	PCC & SCC low range
1@RB #0
	|fy_RbZero - fx_RbZero|
	1590.0
	1590.0
	1590.0

	
	
	|fy_RbZero + fx_RbZero|
	5010.0
	5010.0
	5010.0

	
	
	|2*fx_RbZero – fy_RbZero|
	120.0
	120.0
	120.0

	
	
	|2*fx_RbZero + fy_RbZero|
	6720.0
	6720.0
	6720.0

	
	
	|2*fy_RbZero – fx_RbZero|
	4890.0
	4890.0
	4890.0

	
	
	|2*fy_RbZero + fx_RbZero|
	8310.0
	8310.0
	8310.0

	
	PCC & SCC high range
1@RB #RBmax
	|fy_RbMax - fx_RbMax|
	2020.0
	2020.0
	2020.0

	
	
	|fy_RbMax + fx_RbMax|
	5580.0
	5580.0
	5580.0

	
	
	|2*fx_RbMax – fy_RbMax|
	240.0
	240.0
	240.0

	
	
	|2*fx_RbMax + fy_RbMax|
	7360.0
	7360.0
	7360.0

	
	
	|2*fy_RbMax – fx_RbMax|
	5820.0
	5820.0
	5820.0

	
	
	|2*fy_RbMax + fx_RbMax|
	9380.0
	9380.0
	9380.0


In summary, the default test points as defined in current TS 38.521-3 does not apply to all inter-band EN-DC configurations in TX spurious emission test cases. The test points need to be further analysed per EN-DC configuration.
Proposal 1: For each inter-band EN-DC configuration, always analyse intermodulation frequency range of each protected band to derive additional test points so that all protected bands can be covered and the redundant test points are removed.

2.2 RB location selection
According to the default RB location selection, it is observed that 1RB is located at the lowest end of the channel bandwidth for low range carrier. And for high range carrier, 1RB is located at the highest end of the channel. However, the 1RB located at the both ends of the channel does not necessarily ensure that the desired test frequency is selected for some EN-DC configurations. 
Based on the test point analysis per configuration, there may be two adjacent protected bands not covered for a certain EN-DC configuration. In order to cover all protected bands with fewer test points, the test frequency at the endpoint must be selected with no frequency error allowed.  Therefore, the RB location for test points need to be determined by accurate calculation, otherwise the intermodulation products caused by test points maybe fall outside of the protected bands, especially when the frequency range where intermodulation products may occur is pretty narrow. Here, the calculation formula of 1RB location is given as following:

RBstart = Floor {(Ftest – Flow) * 1000 (kHz) - BWguard-band) / (12 * SCS)},
where Ftest and Flow are referred to the desired test frequency and lowest frequency of the channel bandwidth, respectively. For E-UTRAN carrier, BWguard-band is fixed at 1000 kHz and SCS is fixed at 15 kHz. For NR carrier, the BWguard-band is referred to Table 5.3.3-1 in TS 38.101-1 and SCS is the allowable minimum value at maximum channel bandwidth supported by the corresponding NR band according to Table 5.3.5-1 in TS 38.101-1,
Proposal 2: Select 1RB allocation with accurate calculation for each test point.

3 Conclusion
For spurious emission testing for EN-DC configuration, it is proposed RAN5 consider below proposals.

Proposal 1: For each inter-band EN-DC configuration, always analyse intermodulation frequency range of each protected band to derive additional test points so that all protected bands can be covered and the redundant test points are removed.

Proposal 2: Select 1RB allocation with accurate calculation for each test point.
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