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Introduction
RAN#90e approved a new “New WID on NR Repeaters” with RAN4 as the responsible WG, which includes development of FR1 FDD specifications as well as TDD specifications for FR1 and FR2. The scope of this email discussion focuses on RF conducted core requirements, the same as the agenda 8.5.2 for current meeting. 
0 Power related requirements
NR repeater power related requirements include input power, UL output power and ALC requirements.
0.1 Input power
	The input power for both DL and UL intended to produce the maximum rated output power (Prated_out) is a declared value.



0.2 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.



0.3 ALC requirements

	Agreement on Nov.4 GTW
For ALC core requirements, including below requirements OBUE, ACLR , output power, spurious emission and EVM requirements
FFS whether spurious emission and EVM requirements need to be test under ALC test condition which can be further discussed in conformance phase



	Further discuss the output power tolerance for ALC testing with following options:
Option 1: Define the output power with (maximum input +10dB) to be relative to measured maximum output power with declared maximum input power.  Apply a [smaller] tolerance than the tolerance applicable for absolute power levels.
Option 2: Define the output power with (maximum input +10dB) to be relative to declared/specified maximum output power. Apply the same tolerance as the tolerance applicable for absolute power levels.


Nokia: Prefer option 2, fine with option 1 with [ ].
Qommscope: Option 2. We should keep the same tolerance. 
Ericsson: The output power should be the same. We think option 1 more accurate way.
Huawei: The purpose of ALC test was to ensure output power under the control. We prefer option 2 to verify power control level.
ZTE: The tolerance referred to absolute or relative tolerance?
CATT: What’s smaller tolerance mean? Reduced the tolerance value?
Ericsson: It’s relative tolerance. We are fine to follow majority.
Agreement: Option 2.
1 Emission related requirements
NR repeater power related requirements include UL and DL ACLR, CACLR, OBUE and spurious requirements.
1.1 ACLR requirements
	For passband definition, it’s allowed to have some empty carrier without signal transmitted from the donor BS that belongs to the same operator or collaborating operators.



	Agreement in Nov.4 GTW
No inside passband ACLR requirements for both DL and UL
-Further discuss in conformance phase, EVM test condition with all the ‘carriers’ in the passband are transmitting simultaneously.



	Reuse the same gNB ACLR requirements for repeater DL outside passband including relative(45dBc) and absolute ACLR. The least stringent requirement is suggested as the applicable one.



Agreement: 
For Local area class, UL ACLR follow ACLR from UE side, FFS which PC (PC3 or PC2) should be referred 
For wide area class, UL ACLR follow gNB requirement
1.2 CACLR requirements
	· Apply CACLR requirement in the gaps between passbands for both DL and UL
· FFS the multi operating band cases
· FFS whether there are some exceptions that doesn’t need CACLR requirements, e.g. narrow gaps



	· The Cumulative Adjacent Channel Leakage power Ratio (CACLR) in the Inter passband gap is the ratio of:
a)	the sum of the filtered mean power centred on the assigned channel frequencies for the two carriers adjacent to each side of the Inter passband gap, and
b)	the filtered mean power centred on a frequency channel adjacent to one of the respective repeater passband edges.
· For DL and WA UL, CACLR follows the same relative CACLR and absolute CACLR requirements as gNB. The least stringent requirement could be applicable
· For LA UL, CACLR follows the same value as ACLR requirement. i.e. 30 or 31dB should be referred
· No CACLR inside passband.



1.3 OBUE requirements
	Agreement: on Nov.4 GTW
FFS whether inside passband OBUE requirements or other requirements needed for DL and UL for the case with non-full passband transmission.




	For outside passband, the same OBUE as BS WA and LA class are also applicable for two repeater UL classes respectively. i.e. BS WA OBUE for repeater without power limitation and BS LA OBUE for repeater with power limitation.



1.4 spurious requirements
	Additional regional emission requirements as in UE spec should be [defined in repeater spec] or [declared by vendor to compliant with regional requirements]. 
· No A-MPR requirement is required for repeater.
· FFS Whether to define NS signaling.
· FFS whether would the manufacturer declare one power level for general requirements and another level for more stringent requirement 


2 Other RF requirements
Other RF requirements include EVM, NF equivalent requirement, input modulation, out of band gain and ACRR requirements.
2.1 EVM requirements
	Agreement:
3.5% EVM limit with supporting upper to 256QAM modulation order
8% EVM limit with supporting upper to 64QAM modulation order
Support of 3.5% should be a capability declared by the manufacturer



2.2 NF equivalent requirements
	Agreement in Nov.4 GTW: 
NF can be covered by the equivalent requirements with below options:
· Option 1: Perform EVM conformance test with minimum input power 
· Option 2: Absolute maximum output power with no input within part of passband e.g. inside passband OBUE
· Only one option should be selected in the end from RAN4 core requirements aspect


2.3 Input IMD requirements
	Define 2CW signals as interference signal for input IMD

FFS: IMD testing points
· Option 1: [3] testing point, the begin, center and end frequency position in the passband
· Option 2: Test every X MHz, where X may depend on the passband bandwidth. FFS value(s) of X
· Option 3: Only the center of passband



2.4 OOB gain requirements
	FFS the OOB gain requirements and following options could be taken as baseline. Interested companies are encouraged to provide suitable analysis in next e-meeting.
· Option 1: reuse or update E-UTRA repeater requirements.
· FFS the possibility of reusing the same requirement as E-UTRA at least for below 2GHz and for higher frequency consider higher propagation loss
· reuse the same limit as E-UTRA repeater spec and updating the frequency offset which could be adapted according to BW and operating band.
· Option 2: OOB gain is used on mitigate re-amplification of unwanted emission from donor or other nearest interference source.
· FFS whether to consider nearest interference source or only donor gNB. Please give some reasonable assumption of CL from interference source to repeater
· Option 3: OOB guarantee all the unwanted emission at repeater output port is equal to gNB OBUE requirements or some relax is also accepted. 
· Considering repeater’s OBUE is already required to follow gNB requirements, this requirement is suggested to be [3]dB relax. This means all the unwanted emission except for that produced by repeater itself equals to gNB OBUE.
· FFS whether to consider nearest interference source or only donor gNB. Please give some reasonable assumption of CL from interference source to repeater
· Option 4: reuse the same approach as in TS 25.956 that analyse all the interference scenarios including service cell DL and UL and adjacent cell DL and UL considering re-amplification of unwanted emission from donor BS, re-amplification of wanted emission from adjacent channel cell, internal noise of repeater.
· Other options are not precluded
· Please give argument to prove new method could work.
Companies are encouraged to provide your preference value for following assumption as long as they are needed in your analysis of OOB gain in RAN4 #101-bis e-meeting. 
- In band gain assumption (90dB for E-UTRA and UTRA repeater)
- Antennas gain 
- BS side
- UE side
- BS to repeater MCL/PL including both:
	- Serving BS to repeater
	-  nearest BS to repeater
- UE to repeater MCL/PL including both:
	- Served UE to repeater
-  nearest UE(s) to repeater


RAN4 aims to conclude OOB gain requirements in RAN4#101-bis meeting based on the input from companies. It’s not precluded companies can continue offline discussion to align the assumption for evaluation before RAN4#101-bis meeting.


	Discuss further whether OOB requirement applies only when repeater work with maximum inside passband gain(90dB) and OOB requirement could be reduced relatively when inside passband gain is less than maximum value.


2.5 ACRR requirements
	FFS the ACRR requirements and following options could be taken as baseline. Interested companies are encouraged to provide suitable analysis in next e-meeting.
· Option 1: ACLR+ACRR should be equal to the BS requirement in downlink, i.e. 45dB relative and absolute limit.
· Considering repeater’s ACLR is already required to follow gNB requirements, this requirement is suggested to be [3]dB relax. This means all the unwanted emission except for that produced by repeater itself equals to gNB ACLR.
· Option 2: reuse or update E-UTRA repeater requirements.
· FFS the possibility of reusing the same requirement as E-UTRA at least for below 2GHz and for higher frequency considering higher propagation loss
· Option 3: reuse the same approach as in TS 25.956 that analyse all the interference scenarios including service cell DL and UL and adjacent cell DL and UL considering re-amplification of unwanted emission from donor BS, re-amplification of wanted emission from adjacent channel cell, internal noise of repeater.
· Other options are not precluded
· Please give argument to prove new proved method could work.
Companies are encouraged to provide your preference value for following assumption as long as they are needed in your analysis of ACRR in RAN4 #101-bis e-meeting.
- In band gain assumption (90dB for E-UTRA and UTRA repeater)
- Antennas gain 
- BS side
- UE side
- BS to repeater MCL/PL including both:
	- Serving BS to repeater
	-  nearest BS to repeater
- UE to repeater MCL/PL including both:
	- Served UE to repeater
-  nearest UE(s) to repeater



