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Background
In [1], RAN4 had some discussion on repeater power-related requirements. We have included some discussion and our views on those here.
Discussion
DL output power levels
We think it would be advantageous and useful to include a ‘home class’ repeater. Home class would be especially useful for FR2 bands.
Proposal 1: Develop ‘home class’ repeater specs. Further discussion is needed to clarify what constitutes a home class repeater.
UL output power levels
In the last meeting we had an agreement in R4-2115720 on 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 
It makes sense to choose option 2 taking the maximum value across all supported bands 
Proposal 2: For repeater class with power limitation, define the class based on the maximum value of all supported bands.
ALC/AGC
In R4-2115720 some options for ALC were discussed, however no agreements were achieved
· 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 requirements 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.

One question in the discussion, the meaning of ‘maximum’ is unclear. Our understanding is the maximum refers to a declared maximum power level recommended for deployment. If that is the case, then the repeater should meet all requirements at the maximum deployment power level but not beyond. The behaviour when overdriven should be to limit the power, however the bulk of the specifications should not have to be met.
Proposal 3: ALC performance when driven above the maximum deployed should be limited to ensuring acceptable interference but not signal quality.
 
EVM
In R4-2115721 we made some agreements on EVM as follows:
	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



	Companies are encouraged to further study on following issues in Nov meeting:
· Whether to define more stringent requirements compared with BS spec


 
From 38.104 and 38.101-1 the BS EVM requirements are:
EVM requirements for BS type 1-C and BS type 1-H and UE
	Modulation scheme
	Required EVM

	QPSK
	17.5 %

	16QAM
	12.5 %

	64QAM
	8 %

	256QAM
	3.5 %



The EVM at the output of the repeater will be higher than the BS output EVM, since the repeater will degrade the signal to some extent. If we were to specify the repeater with the same EVM as the BS/UE, then the cascaded EVM is as shown in the table below
Cascaded EVM for equal BS and repeater EVM
	Modulation scheme for PDSCH
	BS or UE EVM
	Cascaded EVM

	QPSK
	17.5 %
	24.7%

	16QAM
	12.5 %
	17.7%

	64QAM
	8 %
	11.3%

	256QAM
	3.5 %
	4.9%



This allocation of EVM may be a good starting point for RAN4 to examine the impact.
Proposal 4: RAN4 starting assumption is repeater EVM equal to BS or UE EVM. Evaluate performance under this condition to determine impact.
For some classes of repeater, smaller scale and higher frequency, supporting EVM this low could be problematic. Support of 256 QAM should be a capability declared by the manufacturer. Further it would make sense to have separate capability for the uplink and downlink. 
Proposal 5: Support of 256 QAM should be a capability declared by the manufacturer for conformance testing. Further it would make sense to have separate capability for the uplink and downlink.

Conclusion
Proposal 1: Develop ‘home class’ repeater specs. Further discussion is needed to clarify what constitutes a home class repeater.
Proposal 2: For repeater class with power limitation, define the class based on the maximum value of all supported bands.
Proposal 3: ALC performance when driven above the maximum deployed should be limited to ensuring acceptable interference but not signal quality.
Proposal 4: RAN4 starting assumption is repeater EVM equal to BS or UE EVM. Evaluate performance under this condition to determine impact. 
Proposal 5: Support of 256 QAM should be a capability declared by the manufacturer for conformance testing. Further it would make sense to have separate capability for the uplink and downlink.


