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1 Introduction
During RAN#90e meeting, new WID on the NR Repeaters was approved in RP-202927 [1].
In this contribution we provide initial analysis of the expected work for EMC requirements for Rel-17 NR Repeaters. 
2 Discussion
2.1 Scope of the work for NR Repeater 
Referring to the WID in RP-202927, the following objectives were specified for the Rel-17 NR Repeater in RAN4: 
	4.1	Objective of SI or Core part WI or Testing part WI
Normative work phase objective [RAN4]
· Specify RF and EMC requirements for NR repeaters 
· Consider FR1 (FDD and TDD) and FR2 (TDD) bands
For the above objective, the leveraging of RF specifications for LTE repeater and IAB should be sought. 

It is assumed that the repeater does not perform adaptive beamforming towards the UE.

It is assumed that the TDD repeater meets both BS and UE emission requirements (or the more stringent absolute level in dBm) in all slots.

The following constraint may be considered for TDD repeaters, as needed, to contain the workload associated with this project:
· TX EIRP/TRP/power of Repeater not exceeding any UE power class defined in the band 

Note: FR1 FDD repeaters testing is assumed to be conducted. This assumption can be revisited in RAN#91.



The following is observed: 
· WID highlights to leverage the existing work done for LTE repeaters, as well as for IAB
· Basic layer 1 RF repeater functionality is to be specified, with no adaptive beamforming 
· Emission requirements needs to be carefully studied in case of TDD operation. This aspects shall be discussed in the RF session, and EMC work shall follow the RF agreements
· Applicability of the NR bands (i.e. FR1, FR2) to the NR Repeater in Rel-17 is expected to be discussed during RF session – no need to trigger such discussion in EMC agenda. 

Regarding timeline of the work: WI need to be concluded by RAN#94 (i.e. Dec 2021), while the overall Rel-17 Core requirements are to be completed by March 2022, with Performance requirements to be completed by Sept 2022. Overall, the timeline for the EMC requirements for NR Repeater is considered to be rather relaxed and gives us 6 RAN4 meetings to complete the whole WI. 

2.2 Repeater specification for E-UTRA
TS 36.113 is the E-UTRABS and repeater EMC specification. Repeaters are distinguished in the following clauses of that specification: 
- 4.4: Test condition for Repeater
- 5.5: Performance assessment for Repeaters
- 6.5, 6.6: Performance criteria for Repeater: separate sections are captured for BS, repeater and ancillary equipment
- 7.1, 7.2: Applicability overview: there are separate columns in the applicability table for the Repeaters
- 8.2: Radiated emissions requirements and limits are handled in the same section and in the same requirement as those the BS
- 9: Immunity requirements: Performance criteria for multiple immunity requirements are referred to appropriate subclauses 6.x for BS, ancillary equipment, or for Repeater

Section of the TS 36.113 where the Repeaters were distinguished were extracted below for reference:
	[bookmark: _Toc20994710]4.4	Test condition for Repeater
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.
The Repeater path shall be tested with a suitable test system capable of measuring RF performance criteria (hereafter called "the test system"). The test system shall be located outside of the test environment.
When the EUT is required to be in the operational mode, the following conditions shall be met:
-	the EUT shall be commanded to operate at maximum rated gain;
-	Adequate measures shall be taken to avoid the effect of the unwanted signal on the measuring equipment;
For immunity tests conditions subclause 4.3 shall apply.
[bookmark: _Toc20994711]4.4.1	Arrangements for test signals for repeaters
For immunity tests of repeaters, the wanted RF input signal shall be coupled to one antenna port at a level which will result, when measured, in the maximum rated RF output power per channel, as declared by the manufacturer. The test shall either be repeated with a wanted signal coupled to the other antenna port, or a single test shall be performed with the specified input signals being simultaneously coupled to both antenna ports.
[bookmark: _Toc20994721]5.5	Repeaters
The parameter used for assessment of performance of a repeater is the gain within the operating band.
[bookmark: _Toc20994727]6.5	Performance criteria for continuous phenomena for repeaters
The gain of the EUT shall be measured throughout the period of exposure of the phenomenon. The gain measured during the test shall not change from the gain measured before the test by more than ± 1 dB. At the conclusion of the test the EUT shall operate as intended with no loss of user control functions or stored data.
[bookmark: _Toc20994728]6.6	Performance criteria for transient phenomena for repeaters
The gain of the EUT shall be measured before the test and after each exposure. At the conclusion of each exposure the gain of the EUT shall not have changed by more than ± 1 dB. At the conclusion of the total test comprising the series of individual exposures, the EUT shall operate as intended with no loss of user control functions or stored data, as declared by the manufacturer, and the gain of the EUT shall not have changed by more than ± 1 dB.
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Table 7.1.1: Emission applicability
	
Phenomenon
	
Application
	Equipment test requirement
	Reference
subclause in the present document
	Reference
Standard

	
	
	BS equipment 
	Ancillary equipment 
	Repeater
	
	

	Radiated emission  (NOTE)
	Enclosure
	applicable
	
	applicable
	8.2.1
	ITU-R SM.329 [10]

	Radiated emission
	Enclosure
	
	applicable
	
	8.2.2
	CISPR 32 [25]

	Conducted emission
	DC power input/output port
	applicable
	applicable
	applicable
	8.3
	CISPR 32 [25], 
CISPR 16‑1-1 [12]

	Conducted emission
	AC mains input/output port
	applicable
	applicable
	applicable
	8.4
	CISPR 32 [25]

	Harmonic current emissions
	AC mains input port
	applicable
	 applicable
	applicable
	8.5
	IEC 61000-3-2 [13] or
 IEC 61000-3-12 [14]

	Voltage fluctuations and flicker
	AC mains input port
	applicable
	applicable
	applicable
	8.6
	IEC 61000-3-3 [15] or
 IEC 61000-3-11 [16]

	Conducted emission
	Telecommunica-tion port
	applicable

	applicable
	applicable
	8.7
	CISPR 32 [25]

	NOTE:	The radiated emissions requirement for the BS equipment covers radiated emissions in the spurious domain. Note that in ETSI standards and in 3GPP GERAN specifications it is considered a part of radio aspects.



[bookmark: _Toc20994731]7.2	Immunity
Table 7.2.1: Immunity applicability
	
Phenomenon
	
Application
	Equipment test requirement
	Reference
subclause in the present document
	Reference
standard

	
	
	BS equipment 
	Ancillary equipment
	Repeater
	
	

	RF electromagnetic field (80 - 6000 MHz)
	Enclosure
	applicable
	applicable
	applicable
	9.3
	IEC 61000‑4‑3 [17]

	Electrostatic discharge
	Enclosure
	applicable
	applicable
	applicable
	9.4
	IEC 61000‑4‑2 [18]

	Fast transients common mode
	Signal, telecommunications and control ports, DC and AC power input ports
	applicable
	applicable
	applicable
	9.5
	IEC 61000‑4‑4 [19]

	RF common mode
0,15 - 80 MHz
	Signal, telecommunications and control ports, DC and AC power input ports
	applicable
	applicable
	applicable
	9.6
	IEC 61000‑4‑6 [20]

	Voltage dips and interruptions
	AC mains power input ports
	applicable
	applicable
	applicable
	9.7
	IEC 61000‑4‑11 [21]

	Surges, common and differential mode
	 AC power input ports and telecommunications port
	applicable
	applicable
	applicable 
	9.8
	IEC 61000‑4‑5 [22]






Based on the above overview, the following is observed: 
Observation 1: it can be seen that the amount of differentiators in the E-UTRA EMC specification TS 36.113 among the BS and Repeater, is relatively small. 
Observation 2: There are no mayor technical differences among the BS and Repeater approaches in TS 36.113 for EMC requirements and their testing. 
2.3 TS for NR repeater EMC
Referring to the NR Repeater WID in RP-202927, the following new specifications were captured: 
	New specifications {One line per specification. Create/delete lines as needed}

	Type 
	TS/TR number
	Title
	For info 
at TSG# 
	For approval at TSG#
	Remarks

	TS
	38.xxx
	NR repeater radio transmission and reception
	RAN#93
	RAN#94
	CMCC

	TS
	38.xxx
	NR; Repeaters ElectroMagnetic Compatibility (EMC)
	RAN#93
	RAN#94
	ZTE



At this point we would like to clarify, that Huawei has objected on the introduction of the new EMC specification during the RAN#90-e meeting. The need for new EMC specification shall be first well motivated, in order to avoid unnecessary workload (and EMC specifications duplication based on the existing NR BS EMC specification).
The proposal of creating new specification for EMC was included into the draft WID at late stage of the RAN#90-e discussion and Huawei comments were not reflected in the final WID.
Therefore we would like to see technical analysis and motivation for new EMC specification, before we proceed to the drafting of such specification. 
3 Conclusions
Based on the above discussion, the following is proposed considering similarities of the E-UTRA repeater and the Rel-17 NR Repeater:  
Proposal 1: EMC requirements for Rel-17 NR Repeater can be easily captured as the updated to the Rel-17 version of the TS 38.113 (NR BS EMC), following the approach in TS 36.113 for E-UTRA.
In case of possible concerns related to the potential extension of the work towards “smart repeater” in future releases, it shall be also clarified that the scope of the smart repeaters was causing multiple confusions during previous RAN discussions when it comes to its scope and relation to other WIs, namely its relation with the IAB nodes was not crystal clear and some companies wanted to clarify relation among the IAB and the smart repeater. What we want to highlight, it that it is not clear if the possible future extension of the repeater work would be parked in the repeater, or in the IAB package.
Therefore it is seen that for Rel-17, we need to focus on the basic NR repeater functionality and it is proposed to follow with the Proposal 1 above. 
Related (draft) CRs can be initiated next meeting, following workload-sharing principle to avoid unnecessary work duplication. Work-split into core and performance aspects is also suggested. 
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