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1 Introduction 
This NR_repeaters-Core WI aims to specify the RF and EMC requirements for NR repeaters, including repeaters operating in both the FR1 and FR2 bands, and repeaters that support both FDD and TDD operation.  Additionally, a corresponding conformance specification will be generated.  

The NR repeater specification will draw upon the LTE (E-UTRA) repeater specifications as a guide for the NR repeater specifications since the modulation types used are quite similar. The NR base station specifications will also be used as a reference to set the NR repeater performance requirements. 
 
2 Requirements for NR Repeater Specification
The following list proposes the performance parameters that should be included in the NR Repeater specification.  Most parameters are used in the LTE repeater specification. 

2.1.  The NR repeater specification shall include requirements for repeaters with both conducted and radiated interfaces (external and internal antennas).  As defined in the LTE Repeater specification, a repeater  is a device that receives, amplifies and transmits the radiated or conducted RF carrier both in the downlink direction (from the base station to the mobile area) and in the uplink direction (from the mobile to the base station). In operating bands specified with only down-link or up-link, only the up-link or down-link as specified for the operating band is repeated.  The performance requirements shall be adapted as appropriate for each of the conducted and radiated interfaces used by repeaters along with the band specifications used in NR bands.
2.2. The NR repeater specification shall include unique regional requirements (cf. TS 36.106 clause 4.3).
2.3. 	The NR repeater specification should include requirements for all NR operating bands (cf. TS 36.106 clause 5.5).  The list of bands shall be prioritized to ensure that the most commonly used bands are included in the initial release of the specification. 
2.4. The NR repeater specification shall apply to all NR channel bandwidths (cf. TS 36.106 clause 5.6).  The conformance specification shall a specify a set of channel bandwidths that adequately cover the entire band of operation while minimizing testing effort.   
2.5. The NR repeater specification shall follow the NR channel arrangements (cf. TS 36.106 clause 5.7).
2.6. The NR repeater specification shall apply to a repeater operating at full TX power.  Requirements for operation at less than full power shall also be included if different than the requirements at full power (cf. TS 36.106 clause 6).
2.7. The NR repeater specification shall define the maximum power limits when the input is overdriven for normal and extreme conditions which are in alignment with the LTE specification. (cf. TS 36.106 clause 6).
2.8. The NR repeater specification shall include frequency stability requirements (cf. TS 36.106 clause 7).
2.9. The NR repeater specification shall include out of band gain requirements (cf. TS 36.106 clause 8).
2.10. The NR repeater specification shall include requirements for the protection of the BS receiver in the operating band operating band unwanted emissions requirements (cf. TS 36.106 clause 9.1.4).
2.11. The NR repeater specification shall include spurious emissions requirements (cf. TS 36.106 clause 9.2).
2.12. The NR repeater specification shall include spurious emissions requirements for co-existence with other systems in the same geographical area (cf. TS 36.106 clause 9.2.2).
2.13. The NR repeater specification shall include spurious emissions requirements for repeater co-location with base stations (cf. TS 36.106 clause 9.2.3).
2.14. The NR repeater specification shall include EVM requirements (cf. TS 36.106 clause 10).
2.15. The NR repeater specification shall include input intermodulation requirements (cf. TS 36.106 clause 11).
2.16. The NR repeater specification shall include input intermodulation requirements for repeater co-location with base stations in other systems (cf. TS 36.106 clause 11.5.2).
2.17. The NR repeater specification shall include input intermodulation requirements for repeater co-existence with base stations in other systems (cf. TS 36.106 clause 11.5.2)
2.18. The NR repeater specification shall include output intermodulation requirements (cf. TS 36.106 clause 12)
2.19. The NR repeater specification shall include adjacent channel rejection ratio (ACRR) requirements (cf. TS 36.106 clause 13).
The tables following compare NR TX/RX repeater requirements with NR TX/RX and LTE TX/RX base station requirements.  These tables can used to see how the repeater and base station requirements are similar, and the base station requirements can be used as a reference for repeater requirements.   
Table 1 compares the proposed requirements for NR repeaters with the corresponding NR base station conducted conformance specification.  NR Base Station requirements will be used as a reference for the NR repeater requirements
[bookmark: _Ref61548370]Table 1- Requirements for 3GPP 5G NR Repeater Specification compared with NR Base Station Requirements
	Frequency Range FR1
	

	Requirements for 3GPP 5G NR Repeater Specification (3GPP TS38.106 + 3GPP TS38.143)
	Reference to 3GPP TS38.141-1

	Output power
	6.2 Base station output power

	Frequency  stability
	6.5.2 Frequency error

	Out of band gain
	7.5 Out-of-band blocking

	Unwanted emissions
-operating band unwanted emissions
- Spurious emissions 
    *Spurious emissions
    * Co-existence with other systems in the same geographical area
    * Co-location with base stations
	6.6 Unwanted emissions
- 6.6.4 Operating band unwanted emissions
- 6.6.5 Transmitter spurious emissions
    *6.6.5.5.1.1 Tx spurious emissions
    * 6.6.5.5.1.3 Additional spurious emissions requirements
    * 6.6.5.5.1.4 Co-location with other base stations

	Error Vector Magnitude (EVM)
	6.5.3 Modulation quality

	Input intermodulation
	7.7 Receiver intermodulation

	Output intermodulation
	6.7 Transmitter intermodulation

	Adjacent Channel Rejection Ratio (ACCR)
	7.4 In-band selectivity and blocking



Table 2 compares the proposed requirements for NR repeaters with the corresponding NR base station radiated conformance specification for over-the-air (OTA) base stations with integrated antennas).
[bookmark: _Ref61548353]Table 2- Requirements for 3GPP 5G NR OTA Repeater Specification compared with OTA Base Station Requirements
	Frequency Range FR1 & FR2
	

	Requirements for 3GPP 5G NR Repeater Specification (3GPP TS38.106 + 3GPP TS38.143)
	Reference to 3GPP TS38.141-2

	OTA Output power
	6.2 & 6.3 Radiated transmit power & OTA base station output power

	OTA Frequency  stability
	6.6.2 Frequency error

	OTA Out of band gain
	7.5 & 7.6 OTA in-band selectivity and blocking & OTA out-of-band blocking 

	OTA Unwanted emissions
-operating band unwanted emissions
- Spurious emissions 
    *Spurious emissisions
    * Co-existence with other systems in the same geographical area
    * Co-location with base stations
	6.7 Unwanted emissisions
- 6.7.3 ACLPR?
- 6.7.4 Operating band unwanted emissions
- 6.7.5 Transmitter spurious emissions

	OTA Error Vector Magnitude (EVM)
	6.6.3 Modulation quality

	OTA Input intermodulation
	7.8 Receiver intermodulation

	OTA Output intermodulation
	6.8 Transmitter intermodulation

	OTA Adjacent Channel Rejection Ratio (ACCR)
	7.5 In-band selectivity and blocking



Table 3 compares the LTE and NR base station conformance specifications.
[bookmark: _Ref61548337]Table 3- LTE Base Station Requirements compared with NR Base Station Requirements
	3GPP TS 38.141-1 V17.0.0 (2020-12)
	
	3GPP TS 36.141 V16.7.0 (2020-09)

	6
	Conducted transmitter characteristics
	
	6
	Transmitter characteristics

	6.1
	General
	
	6.1
	General

	6.2
	Base station output power
	`= 
	6.2
	Base station output power

	6.3
	Output power dynamics
	`= 
	6.3
	Output power dynamics

	6.4
	Transmit ON/OFF power
	`= 
	6.4
	Transmit ON/OFF power

	6.5
	Transmitted signal quality
	`= 
	6.5
	Transmitted signal quality

	6.5.2
	Frequency error
	`= 
	6.5.1
	Frequency error

	6.5.3
	Modulation quality
	`= 
	6.5.2
	Error Vector Magnitude

	6.5.4
	Time alignment error
	`= 
	6.5.3
	Time alignment error

	
	
	≠
	6.5.4
	DL RS power

	6.6
	Unwanted emissions
	`= 
	6.6
	Unwanted emissions

	6.6.2
	Occupied bandwidth
	`= 
	6.6.1
	Occupied bandwidth

	6.6.3
	Adjacent Channel Leakage Power Ratio (ACLR)
	`= 
	6.6.2
	Adjacent Channel Leakage power Ratio (ACLR)

	6.6.4
	Operating band unwanted emissions
	`= 
	6.6.3
	Operating band unwanted emissions

	6.6.5
	Transmitter spurious emissions
	`= 
	6.6.4
	Transmitter spurious emissions

	6.7
	Transmitter intermodulation
	`= 
	6.7
	Transmitter intermodulation

	7
	Conducted receiver characteristics
	`= 
	7
	Receiver characteristics

	7.2
	Reference sensitivity level
	`= 
	7.2
	Reference sensitivity level

	7.3
	Dynamic range
	`= 
	7.3
	Dynamic range

	7.4
	In-band selectivity and blocking
	`= 
	7.4
	In-channel selectivity

	7.4.1
	Adjacent Channel Selectivity (ACS)
	`= 
	7.5
	Adjacent Channel Selectivity (ACS) and narrow-band blocking

	7.4.2
	In-band blocking
	`= 
	7.6
	Blocking

	7.5
	Out-of-band blocking
	`= 
	
	Note: in-band and out-of band blocking is included in 7.6 Blocking

	7.6
	Receiver spurious emissions
	`= 
	7.7
	Receiver spurious emissions

	7.7
	Receiver intermodulation
	`= 
	7.8
	Receiver intermodulation

	7.8
	In-channel selectivity
	`= 
	
	Note: see 7.4 In-channel selectivity






3	Conclusions

The general requirements for a NR repeater radio transmission and reception are proposed. These requirements closely follow the requirements for LTE repeaters.   
Proposal:	Adopt these requirements as necessary and sufficient for specifying the radio transmission and reception requirements for a NR repeater.
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