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1. Introduction
In last RAN4 #99 e-meeting and RAN4 #99 e-meeting, two WF on NR repeaters RF requirement [1][2] are approved. Some options are listed to help to direct future discussion. All agreed conclusions are listed as below:
· For ALC/AGC related radiated requirements: No dedicated requirements for FR2 ALC. And certain RF requirements should be met with a reasonable over powered input signal to verify ALC for both FR1 and FR2
· For DL(access link) output power related radiated requirements: Define TRP requirements and EIRP requirements based on declaration without upper limit. EIRP accuracy requirement is necessary and further check whether it’s gain accuracy or power accuracy.
· For UL, define TRP and EIRP requirements for FR2. Introduce two classes, one class with maximum power limited by PC1 and the other without power limit. it is approved to simplify directional requirements with the assumption of fixed antenna gain. The details are FFS and further check whether a single measurement direction instead of 5 is sufficient.
In this contribution, we focus to discuss repeater transmitted power related radiated requirements only for FR2.
2. Discussion  
In last two e-meetings output power RF requirements and repeater classes are discussed into two separate email thread. However, the output power requirements is related to classes definition so some output power related conclusion has already agreed in classes discussion, making it a little inconvenient to get all the approved conclusion in one WF. At first, we list all the approved agreements and remaining issues for NR FR2 power related requirements to direct further discussion.
Table 1: DL power related radiated requirements
	
	DL agreement
	DL remaining issue

	radiated transmit power in terms of EIRP
	Based on declaration
	How to define directional requirements,  reusing the same gNB requirements or simplifying it?

	EIRP tolerance
	No agreement
	The power tolerance or the gain tolerance

	OTA output power in terms of TRP
	Based on declaration
	no

	TPR tolerance
	No agreement
	How to define TRP tolerance


Table 2: UL power radiated requirements
	
	UL agreement
	UL remaining issue

	Power classes
	Two levels, one is limited by PC1 and the other is larger than PC1

	· For power classes limited by PC1, all PC1 related requirements still apply for repeater? E.g. min peak EIRP, max TRP, max EIRP
· For power classes larger than PC1, how to define power related requirements
· Whether to define PC2, PC3, PC4 and PC5 classes except for PC1 for repeater
· How to simplify directional requirements

	Tolerance requirements
	No agreements
	· How to define tolerance requirements



2.1 DL power related requirements
FR2 NR BS spec includes radiated transmit power and OTA base station output power in term of EIRP and TRP respectively. All are based on manufacturer’s declaration with specified tolerance for normal and extreme condition. The spec for NR BS TRP requirement is summarized as below:
“In normal conditions, the BS type 2-O maximum carrier TRP output power, Pmax,c,TRP measured at the RIB shall remain within ±3 dB of the rated carrier TRP output power Prated,c,TRP, as declared by the manufacturer. “
Since DL repeater acts like gNB node from the point of RF field, gNB TRP tolerance still apply for repeater.
Proposal 1: repeater 2-O maximum TRP output power shall remain with in ±3 dB of the rated carrier TRP output power as declared by the manufacturer.
For beam peak direction EIRP requirement, one remaining issue is whether we should simplify “OTA peak directions set” or just apply the same gNB requirements. In R17 WID, repeater is not required with beamforming capability and it seems repeater couldn’t transmit with narrower beams towards the directions where UE is. Fixed antenna gain and antenna direction are assumed. We are afraid the repeaters with fixed antenna directions would loss its amplification feasibility and then the deployment of repeater in FR2 scenario is almost worthless. Therefore at least for DL, we prefer that repeater reuse the same directional RF requirements as gNB spec to support FR2 deployment and enlarge FR2 coverage.
Observation 1: directional RF requirements as gNB spec is necessary for repeater DL to support FR2 deployment and enlarge FR2 coverage.
Another issue is whether to define gain tolerance or power tolerance. this issue is related to how repeater determine its gain. 
Observation 2: whether we should define gain tolerance or power tolerance is related to how repeater works. If repeater works with constant gain after set-up, gain tolerance seems reasonable otherwise if repeater works with constant output power, power tolerance seems reasonable.
The intuition is that repeater will use the fixed gain to amplify all received signals after the setup. however, in practical implementation, the gain may be adjusted within small range rather than constant. In most cases, repeater determines its gain based on input power to make its output power equal to the target output power, i.e. the declared maximum output power.  
Proposal 2: the same EIRP power tolerance requirement as gNB spec could still apply for repeater DL. And the details are listed as below:
“For each declared beam, in normal conditions, for any specific beam peak direction associated with a beam direction pair within the OTA peak directions set, a manufacturer claimed EIRP level in the corresponding beam peak direction shall be achievable to within ± 3.4 dB of the claimed value. For each declared beam, in extreme conditions, for any specific beam peak direction associated with a beam direction pair within the OTA peak directions set, a manufacturer claimed EIRP level in the corresponding beam peak direction shall be achievable to within ±4.5 dB of the claimed value. “
2.2 UL power related requirements
According to previous agreements that introduce two classes, one class with maximum power limited by PC1 and the other without power limit. The remaining issue for UL power related requirements includes:
· Issue 1: For repeater power classes limited by PC1, shall all UE PC1 related requirements still apply for repeater? E.g. min peak EIRP, max TRP, max EIRP
· Issue 2: For repeater power classes larger than PC1, how to define power related requirements?
· Issue 3: Whether to define extra PC2, PC3, PC4 or PC5 classes except for above two classes for repeater
· Issue 4: How to simplify directional requirements
In the following we focus on the first three issues discussion.
For issue 1, In FR2 UE spec, the full set of UL output power requirements include minimum peak EIRP, maximum output power limits in terms of EIRP and TRP and UE spherical coverage requirements among which min peak EIRP and spherical coverage requirements are used to regulate peak coverage and spherical coverage and maximum output power limits is derived by regulatory requirements to avoid co-channel interference. Therefore, the same min peak EIRP and maximum output power limits in terms of EIRP and TRP still apply for repeater with power class limited by PC1 as for UE PC1 class.
Proposal 3: the same min peak EIRP and maximum output power limits in terms of EIRP and TRP as UE spec still apply for repeater as below:
Table 3 minimum peak EIRP for power class 1
	Operating band
	Min peak EIRP (dBm)

	n257
	40.0

	n258
	40.0

	n260
	38.0

	n261
	40.0

	NOTE 1:	Minimum peak EIRP is defined as the lower limit without tolerance



Table 4 maximum output power limits for power class 1
	Operating band
	Max TRP (dBm)
	Max EIRP (dBm)

	n257
	35
	55

	n258
	35
	55

	n260
	35
	55

	n261
	35
	55


For issue 2, how to define the basic limits for repeaters with power larger than PC1? it seems the same approach as FR1 conducted requirements still apply for FR2. All power related requirements including min peak EIRP, maximum TRP in terms of TRP and EIRP are all based on manufacturer’s declaration without any upper limits and tolerance.
Proposal 4: for repeaters with power larger than PC1, min peak EIRP, maximum TRP in terms of TRP and EIRP are all based on manufacturer’s declaration without any upper limits and tolerance.
For issue 3, Whether to define extra PC2, PC3, PC4 or PC5 classes except for above two classes for repeater. FR2 UE power classes are specified based on the assumption of certain UE types with specific device architecture and FWA with PC1 is the most similar device types as repeater. It’s unclear whether PC3 and PC4 derived from requirement of handheld UE and high-power handheld UE are applicable for repeater.
Observation 3: it’s unclear whether PC3 and PC4 derived from requirement of handheld UE and high-power handheld UE are also necessary to be included in repeater classes definition.
2.3 ALC
As discussed in [3], the same proposal still apply for FR2 repeater
Proposal 5: when test repeater ALC functionality, multiple levels of input powers are preferred to reflect variable characteristics of repeater as the input power exceeds maximum allowed value. Besides, all of these test signals should be less than the risky upper limits to protect repeater not be destroyed by much larger input power.
3. Conclusions
In this contribution, NR repeater power related radiated requirements are discussed with following observation and proposals:
Proposal 1: repeater 2-O maximum TRP output power shall remain with in ±3 dB of the rated carrier TRP output power as declared by the manufacturer.
Observation 1: directional RF requirements as gNB spec is necessary for repeater DL to support FR2 deployment and enlarge FR2 coverage.
Observation 2: whether we should define gain tolerance or power tolerance is related to how repeater works. If repeater works with constant gain after set-up, gain tolerance seems reasonable otherwise if repeater works with constant output power, power tolerance seems reasonable.
Proposal 2: the same EIRP power tolerance requirement as gNB spec could still apply for repeater DL. And the details are listed as below:
“For each declared beam, in normal conditions, for any specific beam peak direction associated with a beam direction pair within the OTA peak directions set, a manufacturer claimed EIRP level in the corresponding beam peak direction shall be achievable to within ± 3.4 dB of the claimed value. For each declared beam, in extreme conditions, for any specific beam peak direction associated with a beam direction pair within the OTA peak directions set, a manufacturer claimed EIRP level in the corresponding beam peak direction shall be achievable to within ±4.5 dB of the claimed value. ”
Proposal 3: the same min peak EIRP and maximum output power limits in terms of EIRP and TRP as UE spec still apply for repeater as below:
Table 3 minimum peak EIRP for power class 1
	Operating band
	Min peak EIRP (dBm)

	n257
	40.0

	n258
	40.0

	n260
	38.0

	n261
	40.0

	NOTE 1:	Minimum peak EIRP is defined as the lower limit without tolerance



Table 4 maximum output power limits for power class 1
	Operating band
	Max TRP (dBm)
	Max EIRP (dBm)

	n257
	35
	55

	n258
	35
	55

	n260
	35
	55

	n261
	35
	55


Proposal 4: for repeaters with power larger than PC1, min peak EIRP, maximum TRP in terms of TRP and EIRP are all based on manufacturer’s declaration without any upper limits and tolerance.
Observation 3: it’s unclear whether PC3 and PC4 derived from requirement of handheld UE and high-power handheld UE are also necessary to be included in repeater classes definition.
Proposal 5: when test repeater ALC functionality, multiple levels of input powers are preferred to reflect variable characteristics of repeater as the input power exceeds maximum allowed value. Besides, all of these test signals should be less than the risky upper limits to protect repeater not be destroyed by much larger input power.
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