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1 Introduction
In RAN4 #101-e meeting, there were some discussions on NR repeaters RF, and some WFs([1],[2],[3],[4],[5],[6]) were agreed.
In this document, we give some initial discussion on some test issue for different type NR repeaters EMC based on some agreements of RF requirements.
2 Discussion
2.1 RF related agreements
There are some agreements on NR Repeater parameters such as ‘Pass band definition’, ‘Co-location requirements’, ‘CACLR and emission requirements’ and ‘Share spectrum’ in WF[1], in which:
2.1 Issue 1-1: Pass band definition
Agreement:
The following definition will be captured in the core specification.
Pass band: The frequency range in which the repeater operates in with operational configuration. This frequency range can correspond to one or several consecutive nominal channels. If they are not consecutive each subset of channels shall be considered as an individual pass band. A repeater can have one or several pass bands. All channels within the passband(s) shall belong to a single operator or collaborating operators.
Note (for information only, no need to be captured into specification): The definition of Pass band is used to define RAN4 requirements; it’s not precluded the deployment of broadband low delay repeater systems.
2.2 Issue 1-2: Co-location requirements for multi-band repeaters
Way forward:
· The following aspects will be analysed in next meeting to define the co-location requirements for multi-band repeaters.
· Co-location scenarios for NR repeaters
· Protect BS (?)
· Protect repeater (?)
· The following requirements will be references, the applicability will be studied.
· LTE repeater co-location requirements.
· NR BS co-located requirements
· Other possible technical issues such as IMD problem can also be analysed.
2.3 Issue 1-3: CACLR and emission requirements
Agreement:
Adopt the behaviour from BS specification for both UL and DL and all repeater classes when multiple passbands are specified in same operating band.
2.4 Issue 1-4: Repeaters in share spectrum
Agreement:
Do not introduce repeater support for share spectrum in Rel.17, this can be introduced later.
Repeater Type 1-C and 2-O are confirmed by WF[2] to support Rel-17 repeater WI, in which:
Repeater Type
· In Rel-17 RF repeater WI, only repeater Type 1-C and 2-O are supported. 
There are some discussions about switching requirements for TDD repeaters in WF[3].
The work splits are allocated for TS38.106 in WF[4].
Some conducted requirements are provided in WF[5], in which:
· Input Power
· UL output power
· ALC requirements
· ACLR requirements 
· CACLR requirements
· OBUE requirements
· Spurious requirements
· EVM requirements
· NF equivalent requirements
· Input IMD requirements
· OOB gain requirements
· ACRR requirements 
Some radiated requirements are provided in WF[6], in which:
· Minimum gain and coverage 
· Power accuracy
· ALC and test levels
· Inside passband ACLR
· Outside passband ACLR
· OBUE
· EVM
· Out of band gain
· ACRR and ACLR
· RX IM
· Noise figure
Arrangements for test signals is the essential requirement of EMC test configuration . For LTE Repeater, ARFCN signal is applied, which would allow the repeaters to work under maximum gain, and then monitor the change of gain during the test . For NR BS, a communication link also should be established with an applicable test signal, and monitoring its throughput during the test. Therefore, the signal configuration and performance assessment will be discussed in the following. 
2.2 signal configuration
For Type 1-C NR Repeater, some RF parameter definitions and specifications with Power related requirements, Emission related requirements and other RF requirements were discussed in WF[5], in which:
Input power
The input power for both DL and UL intended to produce the maximum rated output power (Prated_out) is a declared value.
UL output power
24dBm is upper limit for FR1 UL class with power limitation.
For FR1 UL power accuracy, reuse the same power accuracy as BS type 1-C.
Some more clarification for power accuracy:
Output power accuracy is the tolerance between specified/declared maximum output power and the measured output power with declared maximum input power and maximum gain.
Further discuss whether to explicitly define RF requirements in repeater spec to avoid inter-operator interference, some options are listed as below:
· It’s left to deploying operators how to avoid interference for UL without power limitation. Candidate solutions include planned deployment, potential antenna gain limit or UL beamwidth limit.
· Other options are not excluded.
Observation 1: From the WF, the input power of the NR Repeater should be set to produce the maximum rated output power in the presence of RF test, and the set of input power also can be referred during EMC test. 
The arrangements for repeater’s test signal in TS 36.113 is described below:
The wanted RF input signal nominal frequency shall be selected by setting the Absolute Radio Frequency Channel Number (ARFCN) to an appropriate number within the operating band of the Repeater.
For NR repeaters EMC testing, the signal configuration of NR Repeater can be aligned with the configuration of LTE repeater directly to avoid any potential conflict. Actually, according to the comparison of the wanted RF input signal frequency of LTE or NR Repeater, both of them must be located at the channel raster grids. Therefore, for the signal configuration for NR repeaters EMC testing, the wanted RF input signal nominal frequency shall be selected by setting the NR-Absolute Radio Frequency Channel Number (NR-ARFCN).
Proposal 1: For NR repeaters EMC test, the wanted RF input signal nominal frequency shall be selected by setting the NR Absolute Radio Frequency Channel Number (NR-ARFCN). Additional, for type 1-C repeater EMC test, the input signal power should be set to produce maximum rated output power. 
2.3 Switching
Some switching characteristics for TDD NR Repeater is defined in WF[3]. In case the communication link can be set up for UL or DL separately during EMC test, the switching of TDD NR Repeater for both type 1-C TDD and type 2-O shall be ignored.  However, switching should be considered in the event of the communication link is established to perform the EMC test by simulating the actual situation.
Observation 2: The communication link configuration of TDD NR Repeater would be set with or without switching depending on whether or not UL and DL are tested together. 
Proposal 2: The principle of test configuration shall simulate actual or typical operating condition, so the communication link configuration of TDD NR Repeater would be set with switching in the presence of EMC test.
2.4 performance assessment
In WF[7] from RAN4#100-e meeting, power accuracy requirement for both DL and UL was mentioned, in which:
1.1 Power accuracy requirement for both DL and UL
WF:
· Define output power accuracy instead of gain accuracy for FR1 repeater DL and UL
· Define the same output power accuracy as BS type 1-C for DL. 
· FFS for UL power accuracy until UL output power definition is finished. The UL power accuracy requirement definition considers the following options,
· Use the same power accuracy as DL
· Other options are not precluded.
Refer to the WF above, the power accuracy of type 1-C NR Repeater should be considered for DL and UL respectively instead of gain accuracy, which is different from LTE Repeater. In other words, type 1-C NR repeater is no longer focus on gain accuracy, the power accuracy and EVM are critical parameters for now. 
Observation 3: Type 1-C NR Repeater should focus on power accuracy instead of gain accuracy.
Proposal 3: For the immunity test of type 1-C NR Repeater, power accuracy shall be used to performance assessment.
The above agreements were for type 1-C NR Repeater, which were not applied for type 2-O NR repeater for now. For type 2-O NR repeater, in our understanding, it is apparently different between type 1-C and type 2-O of NR Repeater, OTA test for type 2-O should be applied with monitoring gain or power accuracy instead of conducted test for type 1-C, and the EUT should be fully rotated 360 degree on the turntable during the whole OTA test. However, in most of the immunity test, EUT should be fixed on a table or rack. Consequently, throughput test without EUT rotated would be efficient to assess the performance of equipment in the presence of immunity test. 
Proposal 4: For the immunity test of type 2-O NR Repeater, throughput is recommended for performance assessment. 
3 Conclusion
[bookmark: OLE_LINK1]In this paper, we first summarize the agreements for NR repeater RF requirements in RAN4 #101e meeting, and then give some discussion on EMC test conditions and performance assessments. the conclusion are summarized below: 
Observation 1: From the WF, the input power of the NR Repeater should be set to produce the maximum rated output power in the presence of RF test, and the set of input power also can be referred during EMC test. 
Observation 2: The communication link configuration of TDD NR Repeater would be set with or without switching depending on whether or not UL and DL are tested together. 
Observation 3: Type 1-C NR Repeater should focus on power accuracy instead of gain accuracy.
Proposal 1: For NR repeaters EMC test, the wanted RF input signal nominal frequency shall be selected by setting the NR Absolute Radio Frequency Channel Number (NR-ARFCN). Additional, for type 1-C repeater EMC test, the input signal power should be set to produce maximum rated output power. 
Proposal 2: The principle of test configuration shall simulate actual or typical operating condition, so the communication link configuration of TDD NR Repeater would be set with switching in the presence of EMC test.
Proposal 3: For the immunity test of type 1-C NR Repeater, power accuracy shall be used to performance assessment.
Proposal 4: For the immunity test of type 2-O NR Repeater, throughput is recommended for performance assessment. 
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