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1. Introduction
 RAN4 completed the core part of NR Repeaters work item [1] during RAN4#102-e and performance part is now starting. NR Repeater core specification is finalized in TS 38.106 [2]. NR Repeater specification will be split similarly to other NR conformance test specifications to conducted part in TS 38.115-1 and radiated part in TS 38.115-2.

In this contribution we initiate discussion on NR Repeaters stimulus signals and test models for conformance testing. 
2. Discussion
Existing E-UTRA FDD repeater conformance testing specification [3] uses stimulus signals for uplink pass band and in some cases use E-UTRA test models, in particular E-TM1.1 and E-TM3.1. The Test System shall enable the stimulus signals in the test case to be adjusted to within the specified tolerance and the equipment under test to be measured with an uncertainty not exceeding the specified values. However, stimulus signals are constructed also using E-UTRA test models as baseline. 
Observation 1: Current FDD LTE repeater conformance specification is using stimulus signals approach for testing.

There are 4 stimulus signal types used in FDD E-UTRA repeater conformance specification for different type of tests. Details of these signals are described in annex D of [3]. 
a) Repeater stimulus signal 1 is used for:

- Uplink maximum output power

- Uplink operating band unwanted emissions

- Uplink spurious emissions
This stimulus signal 1 uses uplink fixed reference channels (FRCs) from E-UTRA conformance specification TS 36.141 and is used only for case when repeater under test has a pass band wider than 2.8 MHz
b) Repeater stimulus signal 2 is used for:

-
Downlink operating band unwanted emissions

-
Downlink spurious emissions

This stimulus signal 2 uses E-UTRA test model 1.1 from E-UTRA conformance specification TS 36.141 and is used only for case when repeater under test has a pass band wider than 2.8 MHz
c) Repeater stimulus signal 3 is used for:

-
Uplink maximum output power

-
Uplink operating band unwanted emissions

-
Uplink spurious emissions
This stimulus signal 3 uses uplink fixed reference channels (FRCs) from E-UTRA conformance specification TS 36.141 and is used only for case when repeater under test has a pass band narrower than 2.8 MHz
d) Repeater stimulus signal 4 is used for:

-
Downlink operating band unwanted emissions

-
Downlink spurious emissions

This stimulus signal 3 uses E-UTRA test model 1.1 from E-UTRA conformance specification TS 36.141 and is used only for case when repeater under test has a pass band narrower than 2.8 MHz
Therefore, in summary there are 2 types of stimulus signals, one for uplink tests, and second for downlink tests, and both for pass bands wider or narrower than 2.8 MHz. Similar approach can be reused for NR repeaters, and at least stimulus signal 1 and 2 can be adopted as a baseline for further works. 
Proposal 1: It is proposed to reuse E-UTRA stimulus signals 1 and 2 as a baseline for NR repeaters. 
Of course, it should be noted that for NR repeaters stimulus signals should reused respective NR fixed reference channels (FRCs) and NR test models i.e. NR-FR1-TM1.1 for conducted or NR-FR2-TM1.1 for radiated specification. NR specification will be split for conducted and radiated part, and stimulus signals will be differed between FR1 and FR2. 
Observation 2: NR repeater stimulus signals will be different for conducted and radiated specifications.

Proposal 2: NR repeater stimulus signals should use respective NR fixed reference channels and NR test models.
Specification [3] includes details of repeater stimulus signal spectral purity in Annex D.5. The reference channels or test models constituting the repeater stimulus signal shall fulfil the spectral purity requirements given in this Annex. For NR repeater conformance tests specification also E-UTRA repeater stimulus signal spectral purity requirements can be used as starting point. 
Proposal 3: E-UTRA repeater stimulus signal spectral purity requirements can be a baseline for NR repeater stimulus signals. 
Table 1 includes analysis of signals used for E-UTRA repeater conformance specification and proposed respective signals for NR repeaters conformance specifications.
Table 1. Signal used for specific repeater tests
	Requirement type
	Signals used in E-UTRA repeaters
	Proposed signals to be used for NR repeaters (at least)

	Repeater output power
	E-TM1.1
Stimulus signal 1 and 3
	NR-FR1-TM1.1 for conducted
NR-FR2-TM1.1 for radiated

Stimulus signal 1

	Frequency stability
	Tested together with EVM
	Tested together with EVM

	Out of band gain
	CW-signal
	CW-signal

	Unwanted emissions
	Stimulus signal 1, 2, 3 and 4
	Stimulus signal 1 and 2

	EVM
	For DL: E-TM3.1

For UL: reference signal according to Table A.2.2.1.2-1 in TS36.521-1

	For DL: NR-FR1-TM1.1 for conducted, NR-FR2-TM1.1 for radiated

For UL: reference signal according to TS38.521-1 spec

	Input intermodulation
	CW-signals
	CW-signals

	Output intermodulation
	E-TM1.1
	NR-FR1-TM1.1 for conducted

NR-FR2-TM1.1 for radiated

	ACRR
	combination of PCCPCH, SCCPCH and Dedicated Physical Channels specified as test model 1 in TS 25.141
	NR-FR1-TM1.1

	Transmit ON/OFF power
	N/A
	NR-FR1-TM1.1


Proposal 4: It is proposed to adopt table 1 as starting point for further work on NR repeater test signals. 
3. Conclusion

In this contribution we initiate discussion on NR Repeaters stimulus signals and test models for conformance testing. We have made following observations and proposals:
Observation 1: Current FDD LTE repeater conformance specification is using stimulus signals approach for testing.

Proposal 1: It is proposed to reuse E-UTRA stimulus signals 1 and 2 as a baseline for NR repeaters. 
Observation 2: NR repeater stimulus signals will be different for conducted and radiated specifications.

Proposal 2: NR repeater stimulus signals should use respective NR fixed reference channels and NR test models.
Proposal 3: E-UTRA repeater stimulus signal spectral purity requirements can be a baseline for NR repeater stimulus signals. 

Proposal 4: It is proposed to adopt table 1 as starting point for further work on NR repeater test signals. 
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