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1. Introduction
In RAN4#98-e, the discussion on NR repeater started and the baseline for consideration of RF requirements were approved [1]. There are remaining open issues.
In this contribution, we provide our views on transmitted power related requirements for FR1 NR repeater.
2.   Discussion
Firstly, in RAN4#98-e, it was agreed that the test for FR1 NR repeater is conducted test only and the test for FR2 NR repeater is OTA test only. So we discuss on FR1 repeater in this contribution.
2.1	Maximum output power
At the RAN4#98-e meeting, the WF on NR repeater RF requirements [1] was approved and captured remaining open issues on FR1 maximum output power as below.
	RAN4#98e [1]
· FFS on maximum output power requirements, following aspects should be considered:  
· Whether to differentiate DL and UL 
· Whether to limit the UL power not exceeding any UE power class
· Whether to reuse BS-like approach for DL
· which scenarios require more power, as the repeater gain is limited then increasing the output power does not improve the link only changes the optimum location for the repeater. 
· if the repeater uses higher output power than previous simulations (33dBm for LTE repeater), the new simulation may be needed with the new parameters.



There is an issue on whether to differentiate DL and UL. Regarding FR1 NR repeater, we have to consider FDD and TDD since FR1 NR repeater can operate in the both band of them.
In terms of FDD repeater, the 3GPP requirements on output power for LTE FDD repeater exist (TS 36.106) and are specified as below:
	TS 36.106
In normal conditions, the Repeater maximum output power shall remain within limits specified in Table 6.1-1 relative to the manufacturer's rated output power.
Table 6.1-1: Repeater output power; normal conditions
	Rated output power
	Limit

	P  31 dBm
	+2 dB and -2 dB

	P < 31 dBm
	+3 dB and -3 dB



In extreme conditions, the Repeater maximum output power shall remain within the limits specified in Table 6.1-2 relative to the manufacturer's rated output power.
Table 6.1-2: Repeater output power; extreme conditions
	Rated output power
	Limit

	P  31 dBm
	+2,5 dB and -2,5 dB

	P < 31 dBm
	+4 dB and -4 dB






As specified above, LTE FDD repeater does not have the upper limit for output power and the acceptable output power deviations are defined with 31 dBm as boundary.
Observation 1: LTE FDD repeater does not have the upper limit for output power and the acceptable output power deviations are defined with 31 dBm as boundary.
In terms of FDD repeater, the same concept can be applied for NR repeater since there are no big difference between LTE and NR.
Proposal 1: RAN4 applies the output power requirements for NR FDD repeater to both DL and UL, and specifies the maximum output power without upper limit.
Regarding TDD repeater, there are no requirements in 3GPP specification for LTE repeater (TS36.106). When considering TDD repeater, it is necessary to take interference coordination into account, and this WI intends to avoid additional interference consideration by setting a limit equivalent to the power class of the UE that has already been considered for UL. 
Observation 2: If RAN4 avoid additional consideration for interference coordination, NR TDD repeater must have upper limit on maximum output power.
However, since the same concept of output power for the Base Station can be applied in DL direction, it does not need to have limit of transmitter output power explicitly. Therefore, if RAN4 conclude that TDD repeater must have upper output power limit (same with UE power class limit) in UL, the requirements of TDD repeater output power for DL and UL should be considered individually. 
Observation 3: The same concept of output power for the Base Station can be applied in DL direction.
Proposal 2: RAN4 specify the maximum output power for NR TDD repeater without upper limit in DL.
Proposal 3: If RAN4 conclude that TDD repeater must have upper output power limit (same with UE power class limit) in UL, the requirements of TDD repeater output power for DL and UL should be considered individually.
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2.2	EVM
At the RAN4#98-e meeting, the WF on NR repeater RF requirements [1] was approved and captured remaining open issues on FR1 EVM as below.
	RAN4#98e [1]
· FFS on EVM requirements, following aspects should be considered
· Aligned with which modulation scheme, 256 QAM or 64 QAM
· whether to improve the EVM beyond what is required for LTE repeater
· how much link EVM degradation is acceptable
· Whether to follow BS or UE spec definition of EVM or something different



Aligned with modulation of 256QAM or not exists as an open issue.
The conformance requirements for 256QAM for DL and UL have specified in NR 3GPP RAN4 requirements for Base Station and UE, respectively.
Regarding repeater requirements in 3GPP specification for LTE repeater (TS 36.143), there are requirements assuming following modulation for DL and UL as EVM requirements.
· DL: 64QAM
· UL: 16QAM

As described above, it is necessary to consider which modulation is ultimately feasible for DL and UL, respectively.
For EVM requirements in DL in the LTE repeater specification (TS 36.143), the conditions for the reference signal to be used refer to the LTE Base Station specification (TS 36.141). On the other hand, for EVM requirements in UL in the LTE repeater specification, the conditions for the reference signal to be used refer to the LTE UE specification (TS 36.521-1). Therefore, it is useful to refer BS and UE definition as a baseline for EVM requirement for DL and UL, respectively. 
Observation 4: It is necessary to consider which modulation is ultimately feasible for DL and UL, respectively.
In addition, we assume two use case of the repeater. First one is to cover areas such as mountainous areas where coverage is difficult, and the other is to cover indoor areas of customers' homes. In the latter use case, since the transmission environment may be good, it is possible to improve the user experience by realizing higher modulation level communication (like 256QAM).
Observation 5: Repeater will be used to cover indoor areas of customers’ homes and it is important to achieve higher modulation scheme.
Therefore, RAN4 should consider which modulation up to 256QAM is feasible in DL and UL, and define the EVM requirements for the feasible modulation.
Proposal 4: RAN4 consider which modulation up to 256QAM is feasible in DL and UL, and define the EVM requirements for the feasible modulation. 
3.	Conclusion
In this contribution, we provide views on transmitted power related requirements for NR repeater. The following proposals are obtained.
Maximum output power:
Observation 1: LTE FDD repeater does not have the upper limit for output power and the acceptable output power deviations are defined with 31 dBm as boundary.
Observation 2: If RAN4 avoid additional consideration for interference coordination, NR TDD repeater must have upper limit on maximum output power.
Observation 3: The same concept of output power for the Base Station can be applied in DL direction.
Proposal 1: RAN4 applies the output power requirements for NR FDD repeater to both DL and UL, and specifies the maximum output power without upper limit.
Proposal 2: RAN4 specify the maximum output power for NR TDD repeater without upper limit in DL.
Proposal 3: If RAN4 conclude that TDD repeater must have upper output power limit (same with UE power class limit) in UL, the requirements of TDD repeater output power for DL and UL should be considered individually.
EVM:
Observation 4: It is necessary to consider which modulation is ultimately feasible for DL and UL, respectively.
Observation 5: Repeater will be used to cover indoor areas of customers’ homes and it is important to achieve higher modulation scheme.
Proposal 4: RAN4 consider which modulation up to 256QAM is feasible in DL and UL, and define the EVM requirements for the feasible modulation.
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