[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Ref452454252]3GPP TSG-RAN WG4 Meeting #110-bis 	R4-2405685
Changsha, China, April 15 – 19, 2024

Source:	Nokia
Title:	NCR conformance testing
Agenda item:       6.18.3 RF conformance testing	[NR_netcon_repeater-Perf]
Document for:	Approval

[bookmark: _Toc116995841]Introduction
Last RAN4#110 meeting continued discussion on NCR RF conformance testing. Agreements and open issues are captured in agreed WF [1].
In this contribution, we further discuss some issues for NCR RF conformance testing. 
Discussion
The Way Forward [1] includes following agreements:
	For Agreement
Issue 1-1: New Spec needed?
· Agreements:
· To use the TS 38.115-1/2 as baseline spec to specify the RF conformance testing requirement for NCR
Issue 1-2: Spec structure
· Agreements:
· To follow the same principle as agreed for core requirement of NCR TS 38.106 to draft the conformance testing specification. 
Issue 2-2: Manufacture declaration table
· Agreements: 
· To consider the manufacture declaration table format for NCR as shown in Table 2.3.1 and Table 2.3.2 from R4-2402514 as starting point.
Issue 3-1: testing on edge PRB
· Agreements: 
· Regarding the edge 1PRB testing for SEM and transmitter spurious emission requirement for Local area NCR-MT, its transmission power is up to the declaration. 
Issue 4-1: MU & TT for NCR-Fwd
· Agreements:
· Consider Rel-17 repeater MU &TT for NCR-Fwd type 1-C/H and type 2-O as starting point. 
Issue 4-2: MU & TT for NCR-MT
· Agreements:
· [bookmark: _Hlk162532816]Consider BS MU &TT for NCR-MT type 1-C/H and type 2-O as starting point. 

Way forward
Issue 2-1: Relationship mapping between input connectors and output connectors for Type 1-H NCR-Fwd
· Way forward:
· The manufacturer shall declare a set of the input/output pairs and/or groups to indicate the mapping between input-side and output-side TAB connectors. The set of declared input/output pairs and/or groups should include all TAB connectors. All TAB connectors need to be tested.
· For declared pairs/groups, the applicability of requirements is FFS





Measurements uncertainties and test tolerances

NCR-Fwd type 1-C and type 1-H
In agreed way forward it was stated to consider Rel-17 repeater MU &TT for NCR-Fwd type 1-C/H as starting point. Overall, after checking Maximum Test System uncertainty for conducted characteristics tests in table 4.1.2.2-1 in conducted conformance testing repeater specification [2] for NCR-Fwd type 1-C/H. These values are also presented in table 1 below. 
Proposal 1: It is proposed to use defined in table 4.1.2.2-1 in TS 38.115-1 measurement uncertainties for NCR-Fwd type 1-C and type 1-H.  

Table 1. Maximum Test System uncertainty for conducted characteristics tests for NCR-Fwd type 1-C and type 1-H.
	Clause
	Maximum Test System Uncertainty
	Derivation of Test System Uncertainty

	6.2 Repeater output power 
	±0.7 dB, f ≤ 3 GHz
±1.0 dB, 3 GHz < f ≤ 7.125 GHz
	

	6.3 Frequency stability
	±12 Hz
Measurement results of  500 Hz
	

	6.4 Out of band gain
	±0,5 dB, f ≤ 3.0 GHz
±0,8 dB, 3.0 GHz < f ≤ 4.2 GHz
Calibration of test set-up shall be made without DUT in order to achieve the accuracy
	

	6.5.2 ACLR/ CACLR

	BW ≤ 20MHz: ±0.8 dB
BW > 20MHz: ±1.2 dB

Absolute power ±2.0 dB, f ≤ 3 GHz
Absolute power ±2.5 dB, 3 GHz < f ≤ 7.125 GHz 
	

	6.5.3 Operating band unwanted emission

	1,5 dB, f ≤ 3.0 GHz
±1,8 dB, 3.0 GHz < f ≤ 4.2 GHz

The interference from the signal generator ACLR shall be minimum 10 dB below that of a NR repeater according to clause 6.5.2.
	

	6.5.4 Spurious emissions
	In NR and coexistence receive bands:
for results > -60 dBm	±2,0 dB
for results < -60 dBm	±3,0 dB
Outside above range:
emission power;
9 kHz < f 4 GHz		±2,0 dB
4 GHz < f  19 GHz 	±4,0 dB.

The interference from the signal generator ACLR shall be minimum 10 dB below that of a NR repeater according to clause 6.5.2.
	

	6.6 EVM
	1% signal analyser
2% stimulus signal
	

	6.7 Input intermodulation
	±1,2 dB
	Formula: 
RSS CW1 level error, 2 x CW2 level error, and measurement error (using all errors = ±0,5 dB)

	6.8 Output intermodulation
	For operating band unwanted emission:
2,1 dB 
The interference from the signal generator ACLR shall be minimum 10 dB below that of a NR repeater according to clause 6.5.2.

For spurious emission:
In NR and coexistence receive bands:
for results > -60 dBm	±2,0 dB
for results < -60 dBm	±3,0 dB
Outside above range:
emission power;
9 kHz < f 4 GHz 	±2,0 dB;
4GHz < f 19 GHz 	±4,0 dB.

The interference signal must have a spurious emission level at least 10 dB below the spurious levels required in 6.5.4 and 6.5.5.
	Formula: 
RSS 2x Interference signal level error and operating band unwanted emission measurement level error. 
(1 dB interference signal level error is assumed).

	6.9 ACRR
	0,7 dB
	

	6.10.1 Transmit ON/OFF power
	±2.0 dB , f ≤ 3 GHz
±2.5 dB, 3 GHz < f ≤ 7.125 GHz
	

	6.10.1 Transmit OFF power
	N/A
	




NCR-Fwd type 2-O
In agreed way forward it was stated to consider Rel-17 repeater MU &TT for type 2-O as starting point. Overall, after checking Maximum Test System uncertainty for radiated characteristics tests in table 4.1.2.2-1 in conducted conformance testing repeater specification [3] for NCR-Fwd type type 2-O. These values are also presented in table 2 below. 
Proposal 2: It is proposed to use defined in table 4.1.2.2-1 in TS 38.115-2 measurement uncertainties for NCR-Fwd type 2-O.  

Table 2: Maximum Test System uncertainty for radiated characteristics tests for NCR-Fwd type 2-O
	Clause
	Maximum Test System Uncertainty
	Derivation of Test System Uncertainty

	6.2 Radiated transmit power (EIRP)
	Normal condition:
±1.7 dB (24.25 – 29.5 GHz)
±2.0 dB (37 – 43.5 GHz)
±2.2 dB (43.5 GHz < f ≤ 48.2 GHz)
	

	
	Extreme condition:
±3.1 dB (24.25 – 29.5 GHz)
±3.3 dB (37 – 43.5 GHz)
±3.5 dB (43.5 GHz < f ≤ 48.2 GHz)
	

	6.3 OTA repeater output power (TRP)
	±2.1 dB (24.25 – 29.5 GHz)
±2.4 dB (37 – 43.5 GHz)
±2.6 dB (43.5 GHz < f ≤ 48.2 GHz)
	

	6.4 OTA frequency stability
	±1] Hz
Measurement results of  [5000] Hz
	

	6.5 OTA out of band gain
	±2.1 dB, 24.25GHz < f ≦ 29.5GHz
±2.4 dB, 37GHz < f ≦ 43,5GHz
±2.6 dB, 43.5GHz < f ≦ 48.2GHz

	

	6.6.2 OTA ACLR
	Relative ACLR:
±2.3 dB (24.25 – 29.5 GHz)
±2.6 dB (37 – 43.5 GHz)
±2.8 dB (43.5 GHz < f ≤ 48.2 GHz)

Absolute ACLR: 
±2.7 dB (24.25 – 29.5 GHz)
±2.7 dB (37 – 43.5 GHz)
±2.9 dB (43.5 GHz < f ≤ 48.2 GHz)
	

	6.6.3 OTA operating band unwanted emission
	±2.7 dB (24.25 – 29.5 GHz)
±2.7 dB (37 – 43.5 GHz)
±2.9 dB (43.5 GHz < f ≤ 48.2 GHz)
	

	6.6.4 OTA spurious emissions
	±2.3 dB, 30 MHz ≤ f ≤ 6 GHz
±2.7 dB, 6 GHz < f ≤ 40 GHz
±5.0 dB, 40 GHz < f ≤ 60 GHz
	

	6.7 OTA EVM
	1.25% signal analyser
2% stimulus signal
	

	6.8 OTA input intermodulation
	±2.0 dB, f ≤ 3.0 GHz
±2.6 dB, 3.0 GHz < f ≤ 4.2 GHz
±3.2 dB, 4.2 GHz < f ≤ 6.0 GHz
	

	6.9 OTA ACRR
	±2.7 dB (24.25 – 29.5 GHz)
±2.7 dB (37 – 43.5 GHz)
±2.9 dB (43.5 GHz < f ≤ 48.2 GHz)
	

	6.10.1 OTA transmitter OFF power
	±2.9 dB (24.25 – 29.5 GHz)
±3.3 dB (37 – 43.5 GHz)
±3.6 dB (43.5 GHz < f ≤ 48.2 GHz)
	

	6.10.2 OTA transient period
	N/A
	



NCR-MT type 1-C and type 1-H

In agreed way forward it was stated to consider BS MU &TT for NCR-MT type 1-C/H as starting point. Overall, after checking Maximum Test System uncertainty for conducted characteristics tests in table 4.1.2.2-1 in conducted BS conformance testing repeater specification [4]. These values are also presented in table 3 below. 
Proposal 3: It is proposed to use defined in table 4.1.2.2-1 in TS 38.104 measurement uncertainties for NCR-MT type 1-C and type 1-H that are summarized in table 3. 

Table 3. Maximum Test System uncertainty for conducted characteristics tests for NCR-MT type 1-C and type 1-H.
	Clause
	Maximum Test System Uncertainty
	Derivation of Test System Uncertainty

	6.2 Repeater output power 
	±0.7 dB, f ≤ 3 GHz
±1.0 dB, 3 GHz < f ≤ 7.125 GHz
	

	6.3 Frequency stability
	±12 Hz
Measurement results of  500 Hz
	

	6.4 Out of band gain
	±0,5 dB, f ≤ 3.0 GHz
±0,8 dB, 3.0 GHz < f ≤ 4.2 GHz
Calibration of test set-up shall be made without DUT in order to achieve the accuracy
	

	6.5.2 ACLR/ CACLR

	BW ≤ 20MHz: ±0.8 dB
BW > 20MHz: ±1.2 dB

Absolute power ±2.0 dB, f ≤ 3 GHz
Absolute power ±2.5 dB, 3 GHz < f ≤ 7.125 GHz 
	

	6.5.3 Operating band unwanted emission

	1,5 dB, f ≤ 3.0 GHz
±1,8 dB, 3.0 GHz < f ≤ 4.2 GHz

The interference from the signal generator ACLR shall be minimum 10 dB below that of a NR repeater according to clause 6.5.2.
	

	6.5.4 Spurious emissions
	In NR and coexistence receive bands:
for results > -60 dBm	±2,0 dB
for results < -60 dBm	±3,0 dB
Outside above range:
emission power;
9 kHz < f 4 GHz		±2,0 dB
4 GHz < f  19 GHz 	±4,0 dB.

The interference from the signal generator ACLR shall be minimum 10 dB below that of a NR repeater according to clause 6.5.2.
	

	6.6 EVM
	1% signal analyser
2% stimulus signal
	

	6.7 Input intermodulation
	±1,2 dB
	Formula: 
RSS CW1 level error, 2 x CW2 level error, and measurement error (using all errors = ±0,5 dB)

	6.8 Output intermodulation
	For operating band unwanted emission:
2,1 dB 
The interference from the signal generator ACLR shall be minimum 10 dB below that of a NR repeater according to clause 6.5.2.

For spurious emission:
In NR and coexistence receive bands:
for results > -60 dBm	±2,0 dB
for results < -60 dBm	±3,0 dB
Outside above range:
emission power;
9 kHz < f 4 GHz 	±2,0 dB;
4GHz < f 19 GHz 	±4,0 dB.

The interference signal must have a spurious emission level at least 10 dB below the spurious levels required in 6.5.4 and 6.5.5.
	Formula: 
RSS 2x Interference signal level error and operating band unwanted emission measurement level error. 
(1 dB interference signal level error is assumed).

	6.9 ACRR
	0,7 dB
	

	6.10.1 Transmit ON/OFF power
	±2.0 dB , f ≤ 3 GHz
±2.5 dB, 3 GHz < f ≤ 7.125 GHz
	

	6.10.1 Transmit OFF power
	N/A
	





 NCR-MT type 2-O
In agreed way forward it was stated to consider BS MU &TT for NCR-MT type 2-O as starting point. Overall, after checking Maximum Test System uncertainty for conducted characteristics tests in table 4.1.2.2-1 in conducted BS conformance testing repeater specification [5]. These values are also presented in table 4 below. 
Proposal 4: It is proposed to use defined in table 4.1.2.2-2 in TS 38.104 measurement uncertainties for NCR-MT type 2-O that are summarized in table 4. 

Table 4: Maximum Test System uncertainty for radiated characteristics tests for NCR-MT type 2-O
	Clause
	Maximum Test System Uncertainty
	Derivation of Test System Uncertainty

	6.2 Radiated transmit power (EIRP)
	Normal condition:
±1.7 dB (24.25 – 29.5 GHz)
±2.0 dB (37 – 43.5 GHz)
±2.2 dB (43.5 GHz < f ≤ 48.2 GHz)
	

	
	Extreme condition:
±3.1 dB (24.25 – 29.5 GHz)
±3.3 dB (37 – 43.5 GHz)
±3.5 dB (43.5 GHz < f ≤ 48.2 GHz)
	

	6.3 OTA repeater output power (TRP)
	±2.1 dB (24.25 – 29.5 GHz)
±2.4 dB (37 – 43.5 GHz)
±2.6 dB (43.5 GHz < f ≤ 48.2 GHz)
	

	6.4 OTA frequency stability
	±1] Hz
Measurement results of  [5000] Hz
	

	6.5 OTA out of band gain
	±2.1 dB, 24.25GHz < f ≦ 29.5GHz
±2.4 dB, 37GHz < f ≦ 43,5GHz
±2.6 dB, 43.5GHz < f ≦ 48.2GHz

	

	6.6.2 OTA ACLR
	Relative ACLR:
±2.3 dB (24.25 – 29.5 GHz)
±2.6 dB (37 – 43.5 GHz)
±2.8 dB (43.5 GHz < f ≤ 48.2 GHz)

Absolute ACLR: 
±2.7 dB (24.25 – 29.5 GHz)
±2.7 dB (37 – 43.5 GHz)
±2.9 dB (43.5 GHz < f ≤ 48.2 GHz)
	

	6.6.3 OTA operating band unwanted emission
	±2.7 dB (24.25 – 29.5 GHz)
±2.7 dB (37 – 43.5 GHz)
±2.9 dB (43.5 GHz < f ≤ 48.2 GHz)
	

	6.6.4 OTA spurious emissions
	±2.3 dB, 30 MHz ≤ f ≤ 6 GHz
±2.7 dB, 6 GHz < f ≤ 40 GHz
±5.0 dB, 40 GHz < f ≤ 60 GHz
	

	6.7 OTA EVM
	1.25% signal analyser
2% stimulus signal
	

	6.8 OTA input intermodulation
	±2.0 dB, f ≤ 3.0 GHz
±2.6 dB, 3.0 GHz < f ≤ 4.2 GHz
±3.2 dB, 4.2 GHz < f ≤ 6.0 GHz
	

	6.9 OTA ACRR
	±2.7 dB (24.25 – 29.5 GHz)
±2.7 dB (37 – 43.5 GHz)
±2.9 dB (43.5 GHz < f ≤ 48.2 GHz)
	

	6.10.1 OTA transmitter OFF power
	±2.9 dB (24.25 – 29.5 GHz)
±3.3 dB (37 – 43.5 GHz)
±3.6 dB (43.5 GHz < f ≤ 48.2 GHz)
	

	6.10.2 OTA transient period
	N/A
	







[bookmark: _Toc116995848]Conclusion
[bookmark: _Toc116995849]In this contribution, we further discuss some issues for NCR RF conformance testing. We have made following proposals:
Proposal 1: It is proposed to use defined in table 4.1.2.2-1 in TS 38.115-1 measurement uncertainties for NCR-Fwd type 1-C and type 1-H.  
Proposal 2: It is proposed to use defined in table 4.1.2.2-1 in TS 38.115-2 measurement uncertainties for NCR-Fwd type 2-O. 
Proposal 3: It is proposed to use defined in table 4.1.2.2-1 in TS 38.104 measurement uncertainties for NCR-MT type 1-C and type 1-H that are summarized in table 3.  
Proposal 4: It is proposed to use defined in table 4.1.2.2-2 in TS 38.104 measurement uncertainties for NCR-MT type 2-O that are summarized in table 4. 
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