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1. Introduction
This contribution provides our views on repeater stimulus signal. E-UTRA repeater stimulus signals and NR BS test models/FRC are referred for the consideration of the NR repeater stimulus signal.
2. Discussion
2.1 FR1 repeater stimulus signal
Repeater can’t generate signal for the test but relying on the signal generator to generate the proper configured signals. E-UTRA repeater test spec methodology is important for reference but BS test spec methodology may also be valuable to be looked to see if there’s something can be borrowed because NR repeater reuses some of BS requirements, which is different with E-UTRA repeater.
In E-UTRA repeater test spec, some of the signals are directly referred from TS 36.141 or TS 36.521, but some of them are defined as stimulus signals. There’s no seemly clear criterion when to use the stimulus signal, it seems that when the BS or UE test model/test signal configuration can’t be directly referred, a new stimulus signal is redefined. For example, the uplink requirements tests are based on the FRC for BS performance requirements with spectral purity requirements.
In BS test spec, test models are defined for transmitter tests and FRC are defined for REFSENS and performance requirements. So some of the test models can be reused by repeater test.
Table 1 summarizes the test models/stimulus signals for E-UTRA repeater and NR BS. The thinking for the NR repeater is also included.
According to the analysis in Table 1, the following test model/stimulus signals are needed for NR repeater.
Downlink:
· Stimulus signal for output power, unwanted emissions, output intermodulation, ACRR and transient period,
· NR-FR1-TM1.1 with the spectral purity requirement
· Stimulus signal for EVM: 
· NR-FR1-TM3.1
· NR-FR1-TM3.1a
· NR-FR1-TM3.2
Uplink:
· Stimulus signal for output power, transient period, unwanted emissions, output intermodulation, ACRR
· Stimulus signals for EVM with the following two input power levels (the level corresponding to maximum output power and the minimum input power)
· 16QAM
· 64QAM
· 256QAM
So there’re totally 7 stimulus signals are needed for NR repeater. In order to make the specification clearer, we think defining all of them as stimulus signals in the Annex as normative information is a good approach.
Proposal 1: The test signals for NR repeater are defined as stimulus signals and are listed in the Annex as normative information.
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Table 1: FR1 NR repeater stimulus signals consideration
	FR1 NR repeater requirements
	FR1 E-UTRA repeater stimulus signal (TS 36.143)
	FR1 NR BS test model reference (TS 38.141-1)
	FR1 NR repeater stimulus signals consideration
	Comment

	Repeater output power
	Downlink: One E-TM1.1 of the widest possible bandwidth to fit into the Repeater pass band.
Uplink: Repeater stimulus signal 3 or 
Repeater stimulus signal 1 according to the UL pass band BW
	NR-FR1-TM1.1
	Downlink: Single carrier: NR-FR1-TM1.1 of the widest possible bandwidth to fit into the Repeater pass band. The same approach as BS for CA and multi-band.
Uplink: The similar approach to downlink with the stimulus signal referring TS 38.521-1. CP-OFDM and full RB is sufficient for single carrier.
	Not sure the intention of the two signals combined with separate center frequencies and TDM for UL of E-UTRA repeater.

	Frequency stability
	Merged in EVM requirement test.
	Merged in EVM requirement test.
	Merged in EVM requirement test.
	-

	Out of band gain
	CW signal
	N/A
	CW signal
	-

	ACLR
	N/A
	NR-FR1‑TM 1.1
	Downlink: Reuse BS test model NR-FR1‑TM 1.1 and the approach for single carrier, CA and multi-band. The stimulus signals should fulfil the spectral purity requirement.
Uplink: Similar approach to Downlink with the correct UL signal configurations.
	-

	Unwanted emissions: OBUE and Spurious emissions
	Downlink: Repeater stimulus signal 4 or Repeater stimulus signal 2 according the DL pass band BW.
Uplink: Repeater stimulus signal 3 or Repeater stimulus signal 1 according the UL pass band BW.
	[bookmark: _GoBack]NR-FR1-TM 1.1
	
	Not sure the intention of the two signals combined with separate center frequencies and TDM for DL and UL of E-UTRA repeater.

	Error Vector Magnitude
	Downlink: E-TM3.1 in TS 36.141 [11] of the widest possible bandwidth to fit into the Repeater pass band.
Uplink: the widest bandwidth UL reference signal according to Table A.2.2.1.2-1 in TS36.521-1 [12], that can be fitted inside the repeater passband.
	-	NR-FR1-TM 3.1a if 256QAM is supported by BS without power back off, or
-	NR-FR1-TM3.1a at manufacturer's declared rated output power if 256QAM is supported by BS with power back off, and NR-FR1-TM3.1 at maximum power, or
[bookmark: _Hlk530068684]-	NR-FR1-TM3.1 if highest modulation order supported by BS is 64QAM, or
-	NR-FR1-TM3.2 if highest modulation order supported by BS is 16QAM, or
-	NR-FR1-TM3.3 if highest modulation order supported by BS is QPSK.
	Downlink: For maximum output power, reuse BS test models (NR-FR1-TM3.1, NR-FR1-TM3.1a and NR-FR1-TM3.2) and the approach for single carrier, CA and multi-band.
Uplink: For maximum output power, the similar approach to downlink with the stimulus signal referring TS 38.521-1.
For minimum input power, use the same physical channel meters with the maximum output power and with the signal level adjustment.
	-

	Input intermodulation
	2 CW signals
	N/A (receiver intermodulation requirement is defined for BS)
	2 CW signals
	-

	Output intermodulation
	Wanted signal and interference signal: test model E-TM 1.1, TS 36.141 [11] subclause 6.1.1.1
	Wanted signal and interference signal: NR-FR1-TM 1.1
	Reuse BS approach
	-

	ACRR
	Both in the pass band and outside the band: a signal modulated with a combination of PCCPCH, SCCPCH and Dedicated Physical Channels specified as test model 1.
	N/A
	Reuse E-UTRA approach with the same test model as ACLR.
	-

	Transient period
	N/A
	The same as the test of Prated,c,AC, or Prated,c,TABC
	Reuse BS approach
	-




2.2 FR2 repeater stimulus signal
With similar analysis for FR1, FR2 repeater stimulus signals can refer NR FR2 test models and some new specific stimulus signals should be created. Table 2 shows our analysis for FR2 stimulus signal.
Table 1: FR2 NR repeater stimulus signals consideration
	FR2 NR repeater requirements
	FR2 NR BS test model reference (TS 38.141-1)
	FR2 NR repeater stimulus signals consideration

	OTA output power
	NR-FR2-TM1.1 for both EIRP and TRP requirements.
	For both EIRP and TRP requirements,
Downlink: Single carrier: NR-FR2-TM1.1 of the widest possible bandwidth to fit into the Repeater pass band. The same approach as BS for CA and multi-band.
Uplink: The similar approach to downlink with the stimulus signal referring TS 38.521-2. CP-OFDM and full RB is sufficient for single carrier.

	OTA frequency stability
	Merged in EVM requirement test.
	Merged in EVM requirement test.

	OTA out of band gain
	N/A
	CW signal, similar approach with FR1.

	OTA unwanted emissions
	NR-FR2-TM1.1
	Downlink: Reuse BS test model NR-FR2‑TM 1.1 and the approach for single carrier, CA and multi-band. The stimulus signals should fulfil the spectral purity requirement.
Uplink: Similar approach to Downlink with the correct UL signal configurations.

	OTA Error Vector Magnitude
	-	NR-FR2-TM3.1a with 256QAM signal if 256QAM is supported by BS without power back off, or
-	NR-FR2-TM3.1a at manufacturer's declared rated output power if 256QAM is supported by BS with power back off, and NR-FR2-TM3.1 with highest modulation order supported without power back off, or
-	NR-FR2-TM3.1 with 64QAM signal if 64QAM is supported by BS without power back off, or
-	NR-FR2-TM 3.1 with highest modulation order without power back off if 64QAM is not supported by BS, or
-	if 64 QAM is supported by BS with power back off, NR-FR2-TM 3.1 with 64QAM at manufacturer's declared rated output power (Prated,c,EIRP) and NR-FR2-TM3.1 with highest modulation order supported at maximum power.
	Downlink: Reuse BS test model NR-FR2‑TM 3.1 and NR-FR2‑TM 3.1a. Reuse the approach for single carrier, CA and multi-band.
Uplink: Similar approach to Downlink with the correct UL signal configurations.

For minimum input power, use the same physical channel meters with the maximum output power and with the signal level adjustment.

	OTA input intermodulation
	N/A
	2 CW signals

	OTA ACRR
	N/A
	Follow FR1 approach and reuse ACLR test model.

	OTA transient period
	NR-FR2-TM1.1
	Downlink: Reuse BS test model NR-FR2‑TM 1.1 and the approach for single carrier, CA and multi-band.
Uplink: Similar approach to Downlink with the correct UL signal configurations.



According to the analysis in Table 2, the following stimulus signals are needed for FR2 NR repeater.
Downlink:
· Stimulus signal for output power, unwanted emissions, ACRR and transient period,
· NR-FR2-TM1.1 with the spectral purity requirement
· Stimulus signal for EVM: 
· NR-FR2-TM3.1
· NR-FR2-TM3.1a
Uplink:
· Stimulus signal for output power, unwanted emissions, ACRR and transient period.
· Stimulus signals for EVM with the following modulation orders (they may be merged to one stimulus signal as it is handled for downlink)
· 16QAM
· 64QAM
3. Conclusion
This contribution provides our analysis and proposal for NR repeater stimulus signals. We have the following proposal,
Proposal 1: The test signals for NR repeater are defined as stimulus signal and are listed in the Annex as normative information.
The detail consideration for the requirements of the FR1 stimulus signals are listed in Table 1. The following stimulus signals need to be defined.
Downlink:
· Stimulus signal for output power, unwanted emissions, output intermodulation, ACRR and transient period,
· NR-FR1-TM1.1 with the spectral purity requirement
· Stimulus signal for EVM: 
· NR-FR1-TM3.1
· NR-FR1-TM3.1a
· NR-FR1-TM3.2
Uplink:
· Stimulus signal for output power, transient period, unwanted emissions, output intermodulation, ACRR
· Stimulus signals for EVM with the following two input power levels (the level corresponding to maximum output power and the minimum input power)
· 16QAM
· 64QAM
· 256QAM
The detail consideration for the requirements of the FR2 stimulus signals are listed in Table 2. The following stimulus signals need to be defined.
Downlink:
· Stimulus signal for output power, unwanted emissions, ACRR and transient period,
· NR-FR2-TM1.1 with the spectral purity requirement
· Stimulus signal for EVM: 
· NR-FR2-TM3.1
· NR-FR2-TM3.1a
Uplink:
· Stimulus signal for output power, unwanted emissions, ACRR and transient period.
· Stimulus signals for EVM with the following modulation orders (they may be merged to one stimulus signal as it is handled for downlink)
· 16QAM
· 64QAM
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