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1 Introduction
In RAN4 #100-e meeting, there were some discussions on NR repeaters RF, and some WFs([1],[2],[3],[4],[5],[6]) were agreed.
In this contribution, we first summarize the progress/WFs of NR RF repeaters and then give some discussion on its EMC test conditions and performance assessment.
2 Discussion
According to WF [5], some agreements on system parameters for NR  repeaters were approved as following:
	Sub-topic
	Agreements

	Naming of links between repeater/BS and UE/repeater
	Use Downlink and Uplink in the specifications for each link.

	Channel and sync raster
	Include references to the BS or UE specs on the channel and sync rasters.

	Multi-band requirements for type 1-C
	For repeater type 1-C, the implementation options used for BS type 1-C (to define the multi-band requirement) are used.

	Implementation assumptions for repeaters
	Allow different classes for each link.
Related to sub-topic 1-3, same implementation option (single-band connectors, multi-band connectors, or mix of these) is used for both links as repeater by default repeats the incoming signals.

	Requirements with pass bands in different bands
	The requirement defined for each operating band are used for the respective pass band in that operating band. That is, if the requirements for each operating band are different, then requirements of the pass bands in different operating bands are also different.

	Parameters for multiple pass bands repeaters
	Additional requirements are needed for repeaters supporting multiple pass bands. Exact requirements and parameters are FFS. The parameters to be consider include but are not limited to: Inter RF Bandwidth gap size (Wgap),  ΔfOBUE, f_offset, f, f_offsetmax , fmax.

	Requirements with multiple pass bands
	Requirements need to differ in cases where a repeater has two pass bands which are located either within two different operating bands or within the same band. FFS exactly which requirements. Aspects to be considered include but are not limited to 
- CACLR is defined only for two passbands within same operating band
- Exceptions for spurious emissions are needed only for operation at the different operating bands for multi-band repeater using multiband connectors. 



Observation 1: The links between repeaters/BS and UE/repeater were named as Downlink and Uplink. For multi-band requirements of repeater type 1-C, the implementation options used for BS type 1-C are used.
According to WF [6], some agreements on TDD repeater switching requirements were approved as the following:
	Sub-topic
	Agreements

	DL to UL Switching Delay Definition and Components
	Tentative definition: The total delay between the time when the end of the DL transmissions (BS transmission to UE) reaches the input port of the repeater until the repeater starts the UL transmission (UE to BS) at rated gain on the UL output port.

	UL to DL Switching Delay Definition and Components 
	Tentative definition: The total delay between the time when the end of the UL transmissions (UE transmission to BS) reaches the input port of the repeater until the repeater starts the DL transmission (BS to UE) at rated gain on the DL output port.

	Group Delay
	Do not explicitly define a group delay requirement.



Observation 2: The TDD repeater needs to be switched between UL and DL. The switching delay are still under discussed.  
According to WF [1], some agreements on  conducted output power and emission requirements of NR repeaters were approved as the following:
	Sub-topic
	Agreements

	DL output power levels
	· The same maximum output power limits of WA, MR, LA as NR BS spec still apply for repeater DL. Repeater could declare its output power as long as it equals to or less than the allowed maximum value for each classes respectively.
· If home class is defined for repeater DL, the same maximum output power limits as E-UTRA BS spec still apply.

	UL output power levels
	· Introduce two classes, one with power limitation and another one without power limitation. 
· For the class with power limitation: the exact power limitation can be further discussed 
-Option 1: With fixed values 
-Option 2: With maximum value over the supported classes as per band basis
-Other options not precluded 
· For FDD, align with IAB-MT requirements and use 24dBm as the power limitation
· For TDD, 
-Option 1: reuse 24dBm the same as IAB-MT
-Option 2: UE power class based power limitation, e.g. 26dBm or 29dBm
· RAN4 will further discuss the antenna gain assumption for repeater and associated co-existence impact. 

	Power accuracy requirement for both DL and UL
	· 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.

	ALC/AGC
	· Test ALC using the same approach with E-UTRA repeater, i.e. using an input signal at 10dB compared to the maximum power level. 
· FFS which requiremen ts need to be checked with when the power of all signals is increased by 10dB:
· Option 1: Output power only
· Option 2; (in addition to output power) some or all of ACLR, EVM, OBUE within 1st MHz from the passband, spurious emission
· No other requirement is defined related to ALC/AGC.

	DL ACLR
	The baseline assumption for specifying RAN4 requirements that: the passband should only contain carriers from the same operator or collaborating operators.  This assumption also will be included into pass band definition.
Agreement: Further discuss the inside and outside cases for potential ACLR requirements with following aspect:
-Co-existence on adjacent channel within and outside of pass-band
-Achievable performance considering repeater implementation
If requirements specified for inside of pass band, the requirements maybe be relaxed compared to BS ACLR

	UL ACLR
	· For repeater with output power higher than [UE maximum output power under existing PCs], UL ACLR should be aligned with BS spec. 
· For repeater with output power equal to or less than UE power class, UL ACLR should be aligned with corresponding UE ACLR requirements.
· Test issue can be further discussed and addressed under conformance phase.

	OBUE
	· OBUE will be defined for both DL and UL whether ACLR is defined or not.
· Reuse BS OBUE requirement for DL at least outside pass band(s). FFS the requirements for inside pass band.
· FFS UL OBUE.

	CACLR
	· CACLR will be discussed when ACLR requirement is decided.

	Co-located requirements
	· If home class repeater is defined, no co-located spurious emission requirement is required for home class.



Observation 3: Output power accuracy  will be defined for FR1 repeater DL and UL instead of gain accuracy. In addition, OBUE will be defined for both DL and UL whether ACLR is defined or not and reuse BS OBUE requirement for DL at least outside pass band(s) but FFS UL OBUE.
According to WF [2], some agreements on NR repeater other conducted requirements were approved as the following:
	Sub-topic
	Agreements

	EVM requirements
	Agreement 1-1: Define EVM limits in the spec.
Agreement 1-2: 256 QAM scenario should be considered for repeater spec. 256 QAM is not necessary for FR2 UL.
Agreement 1-3: If EVM are based on declaration, regardless of declaration of basic limits or modulation scheme, the declaration for DL and UL are independent.
Agreement 1-4: Define following EVM levels linked to different modulation scheme and repeater declare which EVM level is supported.
· EVM level linked to 256QAM 
· FFS: EVM level linked to  low data rate e.g. QPSK
· EVM level linked to 64QAM 
RAN4 will further discuss how to specify EVM into specification

	NF equivalent requirements
	Further discuss the purpose of introducing NF equivalent requirements including:
1)Verify SINR degradation with internal noise floor
2)Ensure the interference co-existence performance inside the passband 
FFS whether dedicated NF requirements need to be introduced, or can be implicitly verified by other requirements including EVM requirements and emission requirements. 
The potential options for defining NF requirements if dedicated NF requirements introduced:
· Option 1: NF
· Option 2: maximum passband output power level with no input signal
· Option 3: minimum input level with which output signal quality achieved 

	Input IMD requirements
	Agreement 3-1: the same interference signal types apply for general IMD, co-located IMD and co-existence IMD.
Agreement 3-2: For general IMD, 
· NR interference signal level refers to BS in-band blocking requirements if finally approve to define NR interference signal. FFS whether to differentiate IMD requirements among different classes.  
· -40dBm interference level if two CW signals are defined
Agreement 3-3: For co-located IMD, interference signal level refers to co-located blocking requirements of BS. FFS whether to differentiate IMD requirements among different classes
Agreement 3-4: For co-existence IMD, interference signal level refers to out-of-band blocking requirements of BS. FFS whether to differentiate IMD requirements among different classes

	Out of band gain requirements
	Agreement 4-1: the interference mechanisms to define gain outside passband include 
1) amplification of unwanted noise emission from other sources including donor BS or other transmitter
2) re-amplification and distortion of other operators’ wanted carrier
3) amplification of thermal noise
4) emissions generated inside the repeater
Agreement 4-2: ACRR only refers to amplification of adjacent channels outside of the passband instead of inside passband.

	ACRR requirements
	Agreement 5-1: Some clarification of ACRR and out of band gain
· Option 1: OOB gain is used to regulate the response to unwanted emissions from donor BS or other transmitter, ACRR is used to regulate the re-amplification & distortion of other carriers
· Option 2: the relationship between out-of-band gain and ACRR is that it is similar to OBUE and relative ACLR, but ACRR and OOB gain consider emissions which are not originating from the repeater but from another source. ACLR and ACRR limit the integrated impact over adjacent channel whereas out-of-band gain and OBUE look at narrowband case. As a whole, a stronger narrowband emission peak can be allowed, as long as total interference stays in control. 
· Option 3: OOB gain and ACRR are both used to regulate the response to unwanted emission from other sources and to regulate the re-amplification &distortion of other carriers.
· Option 4: others…



Observation 4: For FR1 NR repeaters, the conducted requirements include EVM, NF equivalent, Input IMD, Out of band gain and ACRR. 
According to WF [3], some agreements on  NR Repeater FR2 RF were approved as the following:
	Sub-topic
	Agreements

	Transmitter issues
	1)Radiated DL transmission power accuracy is defined as the BS with both EIRP and TRP
2)Radiated DL directional requirements:
· If the repeater has a single fixed beam a single direction (in beam peak direction) is sufficient
· If the repeater has multiple fixed beams one declaration per beam is required (in each beam peak direction)
3)Radiated DL transmission for WA class has no upper power limit.
4)Radiated DL transmission for MR, LA class has no upper power limit.
5)Radiated UL transmission there are 2 power classes one without a power limit and 1 with a power limit. With the following options on the power limit
a) The power limit uses the same limit as PC1.
b)Other options not precluded.
6)The ALC is implicit in the output power requirements and test. The output power (and hence ALC) is tested at multiple input levels, 
And the following open issue has been identified:
7)the input levels for the output power (ALC) requirement are :
a)2 input levels, 1 which achieves maximum output power and one 10dB higher (same as existing repeaters)
b)More power levels?
c)FFS whether other aspects such as EVM, ACLR, OBUE in 1st MHz should be tested with higher output power. Conclusion should be aligned to FR1.

	Emissions
	1) Spurious emissions will be the same as the BS spurious emissions
2)Additional spurious emissions will be the same as the BS additional spurious emissions
3)EESS protection the same as the UE requirements will be added without the NS concept.
And the following open issue has been identified:
4)ACLR – this is being discussed for conducted, the same principle will be used for radiated although FR2 values will be different and can be further discussed once the principles are agreed (for conducted)

	EVM
	1)	Support for repeating signals containing 256QAM can be a declared 
2)	DL and UL EVM capability can be declared separately
And the following open issues have been identified:
3)	EVM and modulation order - this is the same issue as conducted, the radiated requirements will follow the decision taken for conducted.
4)	EVM value – will follow the same approach as for conducted

	Noise floor
	1) The need for a noise requirement is still FFS, the principle for radiated will be the same as for conducted. Although the values for FR2 may differ.

	RX IM
	1)	There will be 1 CW and 1 modulated interferer
2)	The BW, freq offset and levels are to be discussed next meeting – companies are encouraged to contribute.



Observation 5: For FR2 NR repeaters, radiated DL transmission power accuracy is defined as the BS with both EIRP and TRP. Its spurious emissions will be the same as the BS spurious emissions. DL and UL EVM capability can be declared separately.
According to WF [4], some agreements on  NR Repeater FR2 OOB gain were approved as the following:
	Sub-topic
	Agreements

	FR2 OOB gain
	Companies are encouraged to contribute to RAN4#101-e taking into account these questions. The issues captured in this WF are not necessarily exhaustive.
The questions in section 2 are boiled down to some bullets here:
· Sources of interference outside of the passband:
· Option 1: Non-linearities in repeater, Thermal noise, interference from other sources, amplification/distortion of other operator carriers
· Option 2: Other sources
· Relationship between ACRR and OOB gain
· Option 1: ACRR is to regulate amplification of other operators’ carriers, OOB gain to regulate amplification of unwanted emissions from other sources
· Option 2: ACRR is to regulate emissions over the whole bandwidth, OOB gain to regulate emissions on a finer granularity
· Option 3: OOB gain and ACRR are both used to regulate the response to unwanted emission from other sources and to regulate the re-amplification &distortion of other carriers.
· Option 4: Other…
· For regulating amplification of other sources of unwanted interference, the assumptions are:
· Minimum distance of interference source to repeater (may differ for downlink and uplink, repeater class)
· Option 1: 2m
· Option 2: 5m
· Option 3: Other
· Is the interference source assumed to be in the repeater main beam ?
· Option 1: Yes
· Option 2: No
· Gain of interference source and repeater:
· Option 1: 24dBi for both
· Option 2: Other assumptions
· Interference arising from amplification of other operators’ carriers
· Option 1: The interference after amplification of other operators’ carriers is noise like
· Option 2: Other option
· ACRR
· Option 1: Same dB value as ACLR
· Option 2: ACLR is enough and no ACRR requirement is necessary
· Option 3: Other
· Assumption on direction of input signal for OOB and/or ACRR requirement
· Option 1: Directional
· Option 2: Test from all directions
· Option 3: other
· Assumption on definition of metric for measuring amplified signal/interference for OOB and/or ACRR
· Option 1: TRP
· Option 2: EIRP
· Filtering possibilities and offset at which out of passband gain requirement applies
· Can the limits on re-amplified interference be the same as the limits for ACLR on BS/UE ?
· Option 1: Yes
· Option 2: No
· Option 3: More study needed
· Option 4: Potentially yes, but it needs to be considered that as well as amplifying other carriers and noise, the repeater may produce it’s own unwanted emissions from IM and so the total interference form re-amplifications and ACLR needs to be considered.



Observation 6: FR2 OOB gain is FFS.
Based on the above, by comparing with LTE repeater, NR repeater would establish a communication link in EMC test. However, the way to realize EMC test of NR repeater is pending on the consensus of RF discussion. 
For FDD repeaters, unlike the LTE FDD repeaters, the output power accuracy would be used, rather than gain accuracy, which means the performance criteria would be changed. Moreover, whether EVM should be used in the performance assessment method of the NR repeater EMC would be discussed. 
Unlike FDD repeater, when the communication links are established in TDD repeater EMC test, the DL-UL switching should be considered due to the switching characteristics of the TDD repeater. However the way to do it is still under concern.  
Since the requirement for radiated immunity test are consistency with the NS OBUE requirements, therefore the exclusion bands of repeater OBUE requirements can be reused for  NR repeater radiated immunity.
For FR2 repeater, when it is performed in the EMC test, the UL and DL will be established by OTA. Power accuracy or EVM may be used in the performance assessment, and the spurious radiated emission will be defined in RF specification.Moreover, there is no exclusion band for FR2 repeater. So NR repeater EMC specification doesn’t need to consider FR2 OOB.
In brief summarize, the RF discussion of NR repeater in RAN4#100-e included communication link, TDD switching accuracy, power accuracy, gain accuracy, EVM, OBUE and OOB, etc. Those discussions are strongly related to the EMC test configurations and performance assessment. However, the discussion for some of the RF requirements are still underway this will postpone the discussion of EMC testing aspects such as test configurations and performance assessment. 
Therefore, it is proposed that the EMC test configurations and performance assessment methods of NR repeater should be postponed and pending on the consensus of RF discussion. This is also consistency with what RAN4 have discussed in the past meeting.
Proposal 1: It is proposed that the EMC test configurations and performance assessment methods of NR repeater should be postponed and pending on the consensus of RF discussion.
3 Conclusion
[bookmark: OLE_LINK1]In this paper, we first summarize the agreements for NR repeater RF requirements in RAN4 #100e meeting, and then give some discussion on EMC test conditions and performance assessments. the conclusion are summarized below: 
Observation 1: The links between repeaters/BS and UE/repeater were named as Downlink and Uplink. For multi-band requirements of repeater type 1-C, the implementation options used for BS type 1-C are used.
Observation 2: The TDD repeater needs to be switched between UL and DL. The switching delay are still under discussed.  
Observation 3: Output power accuracy  will be defined for FR1 repeater DL and UL instead of gain accuracy. In addition, OBUE will be defined for both DL and UL whether ACLR is defined or not and reuse BS OBUE requirement for DL at least outside pass band(s) but FFS UL OBUE.
Observation 4: For FR1 NR repeaters, the conducted requirements include EVM, NF equivalent, Input IMD, Out of band gain and ACRR. 
Observation 5: For FR2 NR repeaters, radiated DL transmission power accuracy is defined as the BS with both EIRP and TRP. Its spurious emissions will be the same as the BS spurious emissions. DL and UL EVM capability can be declared separately.
Observation 6: FR2 OOB gain is FFS.
Proposal 1: It is proposed that the EMC test configurations and performance assessment methods of NR repeater should be postponed and pending on the consensus of RF discussion.
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