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1 Introduction
[bookmark: _GoBack]In RAN4 #103-e meeting, there were some discussions on NR repeaters RF, and also a WF[1] for repeater EMC was agreed, in which the performance assessment parameter for repeater type 1-C and 2-O is chosen from gain or power accuracy, but the choice of it is still under study.
In this document, we give some discussions related with performance assessment parameter.
2 Discussion
2.1 RF related agreements
[bookmark: _Toc97737238]Some progresses related with NR Repeater RF requirements have been made in RAN4 #103e meeting. The CR[2] below illustrates the updates to TS38.106.
7.4	OTA out of band gain
[bookmark: _Toc97737239]7.4.1 General
Out of band gain refers to the gain of the repeater outside the passband. 
The requirement is based on the ratio of TRP output power to directional input power.
7.5	OTA unwanted emissions
[bookmark: _Toc53185486][bookmark: _Toc36817423][bookmark: _Toc61185119][bookmark: _Toc53185862][bookmark: _Toc74583366][bookmark: _Toc61184729][bookmark: _Toc21127662][bookmark: _Toc61183945][bookmark: _Toc45893649][bookmark: _Toc37267733][bookmark: _Toc66386463][bookmark: _Toc29811871][bookmark: _Toc82450809][bookmark: _Toc37260345][bookmark: _Toc61183551][bookmark: _Toc44712336][bookmark: _Toc82450161][bookmark: _Toc76542179][bookmark: _Toc57820348][bookmark: _Toc57821275][bookmark: _Toc61184337]7.5.1	General
[bookmark: _Hlk505597907]Unwanted emissions consist of so-called out-of-band emissions and spurious emissions according to ITU definitions ITU-R SM.329 [5]. In ITU terminology, out of band emissions are unwanted emissions immediately outside the passband resulting from the modulation process and non-linearity in the transmitter but excluding spurious emissions. Spurious emissions are emissions which are caused by unwanted transmitter effects such as harmonics emission, parasitic emission, intermodulation products and frequency conversion products, but exclude out of band emissions.
The OTA out-of-band emissions requirement for the repeater type 2-O transmitter is specified both in terms of Adjacent Channel Leakage power Ratio (ACLR) and operating band unwanted emissions (OBUE). OTA Unwanted emissions outside of this frequency range are limited by an OTA spurious emissions requirement.
The maximum offset of the operating band unwanted emissions mask from the operating band edge is ΔfOBUE. The value of ΔfOBUE is defined in table 7.5.1-1 for repeater type 2-O for NR operating bands.
Table 7.5.1-1: Maximum offset ΔfOBUE outside the downlink operating band for repeater type 2-O
	Repeater type
	Operating band characteristics
	ΔfOBUE (MHz)

	Repeater type 2-O
	FDL,high – FDL,low ≤ 4000 MHz
	1500



The unwanted emission requirements are applied per cell for all the configurations. Requirements for OTA unwanted emissions are captured using TRP, directional requirements or co-location requirements as described per requirement.
7.8	OTA Adjacent Channel Rejection Ratio (ACRR)
[bookmark: _Toc97737247]7.8.1	General
OTA Adjacent Channel Rejection Ratio (ACRR) is the ratio of the average gain over a carrier of the repeater in the passband to the average gain of the repeater over an adjacent channel outside the repeater passband. The requirement shall apply to the uplink and downlink of the Repeater. The bandwidth of the channel inside the passband and the adjacent channel are assumed to be minimum {400MHz, passband BW}.
The requirement is differentiated between downlink and uplink.
The requirement shall apply during the transmitter ON period.
[bookmark: _Toc97737248]The ACRR is a ratio of gain in the adjacent channel to gain in the wanted channel. The gain in each case is defined as the ratio of TRP output power to directional input power

Observation 1: The RF test methods for OTA out of band gain, OTA unwanted emissions and OTA ACRR are all TRP.
All of the EMC tests care about the frequency bands that are outside of operating band. Therefore, TRP test method of RF out of band gain shall be considered as the EMC test method.
Proposal 1: Total radiated power(TRP) shall be measured for repeater type 2-O EMC performance assessment. 
As the WF[1] from last meeting, throughput can not be used as performance assessment for NR repeater. Performance assessment method shall be chosen from gain or power accuracy. Both of gain and power accuracy can be measured by TRP, therefore in order to find the most suitable assessment method, their advantages and disadvantages should be compared and shown below.
Advantage of using gain:
1. The main function of repeater is to amplifying the incoming signal, therefore gain which measures the ratio of TRP output to directive input power is the most direct way to monitor repeater.
2. The performance criteria for LTE repeater in TS36.113 is gain.
Disadvantage of using gain:
Gain compares the TRP input and output power, but the input power cannot be easily gotten from the test transmitting signal due to the following issues such as test signal generator’s antenna gain, path loss and RF cable attenuation etc. Therefore, in order to measure the repeater input power, an input antenna shall be implemented. However, the way to set up TRP measurement with input antenna rotating together with repeater under OTA condition is not clear and should be further discuss.
Advantage of using power accuracy:
Power accuracy that only measures the TRP output power can be measured easier than gain.
As a result, power accuracy that only measures the output power seems to be a more suitable performance assessment method for NR repeater.
Proposal 2: Power accuracy seems to be a more suitable performance assessment method compared with gain for NR repeater.
Besides, some progresses on RF measurement system set-up have been made in RAN4 #103e meeting. The WF[3] below gives the recommended agreement for FR1 TDD set-up.
1.2  Sub-topic#1-2 FR1 TDD set-up
Recommended Agreement:
Only one link direction at a time is being tested
UL/DL timing could be provided through DL signals or cable to repeater under the test
· Other methods not precluded;
· FFS whether and if needed how to specify UL/DL timing into specification 
Observation 2: During the RF test for FR1 TDD repeater, only one link direction at a time is being tested.
Normally, EMC test configuration shares the same operation with RF test. Therefore, for FR1 TDD repeater EMC test, UL and DL can be tested separately.
Proposal 3: For FR1 TDD repeater EMC test, UL and DL can be tested separately.
3 Conclusion
[bookmark: OLE_LINK1]In this paper, we first discuss RF Repeater requirements, then summarize the agreements for NR repeater in RAN4 #103e meeting. After that we give some discussion on EMC performance assessments. Finally, we discuss the test configuration for FR1 TDD repeater. The conclusions are shown below: 
Observation 1: The RF test methods for OTA out of band gain, OTA unwanted emissions and OTA ACRR are all TRP.
Observation 2: During the RF test for FR1 TDD repeater, only one link direction at a time is being tested.
Proposal 1: Total radiated power(TRP) shall be measured for repeater type 2-O EMC performance assessment. 
Proposal 2: Power accuracy seems to be a more suitable performance assessment method compared with gain for NR repeater.
Proposal 3: For FR1 TDD repeater EMC test, UL and DL can be tested separately.
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