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1. Introduction
The following agreements are made in the WF [1] for FR1 DL and UL: 
	· For FR1 downlink:
· Introduce WA, MR and LA classes. 
· Further checking the need of home class during requirements introduction phase.
· For FR1 uplink:
· 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
· Power accuracy: 
· 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 requirements need to be checked with when the power of all signals is increased by 10dB:
· Option 1: Output power only
· [bookmark: _Hlk85546169]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.




There, no power limits have been agreed for DL. In case of UL, two classes with and without power limits have been agreed. In this contribution, we provide our insights on the WF items.
1. Discussion
[bookmark: _Hlk85024135]For FR1 following DL classes have been agreed and the following UL classes are proposed [2]:
Table 1: Agreed classes for DL (access) and proposed classes for UL (backhaul) for FR1
	Frequency range
	DL (Access)
	UL (Backhaul)

	FR1
	WA, MR, LA
	WA, LA



It is meaningful to have class-based power limits for NR repeaters. In BS and IAB specifications, classes are defined based on the deployment scenarios, and power limits are declared accordingly. Similarly, repeater deployments should also be considered to decide appropriate power limits. For example, to provide indoor coverage two distant units (outdoor and indoor units) may be needed. These two units are likely to have different power classes; the outdoor unit can have a higher power upper limit compared to the indoor unit, which serves end users very nearby. Another example could be to provide coverage for rural areas using repeaters operate in FR1, where it requires high enough power level to transmit specially in the backhaul link (given that the access link distance is much smaller compared to the backhaul link distance).
Simply allowing to declare the upper power limits, similar to EUTRA FDD repeaters, may not be suitable for some use cases (as explained above). However, if classes are imposed to repeaters, then allowing to declare the power limits would impose a threshold (via the belonging class) so that there cannot be any unacceptably large power levels. In addition, for TDD repeater the interference issues must be carefully handled, as power control is only possible via UE power control mechanism. Thus, allowing to transmit with higher power levels would make it difficult to manage the interference. 
[bookmark: _Ref71487090][bookmark: _Ref71487103]Observation 1: For NR repeaters, the deployment scenarios must be considered to define the upper power limits. There are specific deployment scenarios of NR repeaters where having only one power class would not be acceptable. 
[bookmark: _Ref85102461][bookmark: _Ref71487113]Proposal 1: We may need sperate power limits for DL (access) and UL (backhaul), depending on the repeater deployment scenario.  
[bookmark: _Ref71487125]Since classes and deployment for FR1 DL operation are aligned with, we propose to use the BS Type 1-C power limits for FR1 DL.
[bookmark: _Ref85102466]Proposal 2: For FR1 DL, the output power limits of Type 1-C BS classes could be used for NR repeater classes as well.  
In case of FR1 UL, we have proposed to use WA and LA classes [2]. In WF it is agreed that for UL, one of the agreed class may be with power limits and the other without power limits. For UL, it is meaningful to introduce power limits to the LA class, because it would help to reduce the interference generated by unplanned repeater deployments. To define the exact power limits, two options are suggested in WF. Option 1-with fixed values, is limiting the possibility of transmitting with higher power levels in certain bands. For example, using Option 1 is similar to using UE PC3. But with Option 2, there is more flexibility because it allows to transmit with higher power in certain bands (similar to BS and IAB) [3]. 
[bookmark: _Ref85102472][bookmark: _Ref85803317]Observation 2: Per band power limits provide more flexibility than a single fixed limit as they allow to fully utilize all allowed UE output power.
Another straightforward option is to use IAB-MT power levels. For IAB-MT there is no upper power limits for WA class, and for LA the power is bounded [4]. Thus, we can use these limits for FR1 UL of the repeater. However, unlike in IAB, there could be issues with unplanned high power transmitting repeaters at least in case of WA deployments. 
[bookmark: _Ref85102482][bookmark: _Ref85803325]Observation 3: IAB-MT power limits satisfy the agreed WF conditions, and hence, the power limits of IAB-MT could be used for FR1 UL of the repeaters.
[bookmark: _Ref85803333]Proposal 3: For FR1 UL LA class, either a single fixed limit which does not depend on the operating band (e.g., PC3) or the highest power out of all the UE power classes allowed in that operating band. 
[bookmark: _Ref85803341]Observation 4: For WA class with unlimited power, 3GPP requirements cannot guarantee the co-existence and it is left to the deploying operators.
Regarding ALC/AGC testing, the current test procedure identifies the input signal level (e.g., X dB) that achieves the manufacturer specified maximum output power at the maximum gain. Then, this identified input signal level is increased by 10 dB (i.e., X + 10 dB), and check the output power level again [7]. By following the test procedure, it can be checked whether the ALC/AGC is working properly to produce the repeater output power level within the agreed limits. As we understand, the deciding factor for this test is the increment of the input signal level (i.e., 10 dB), but not how many levels we use for testing withing 10 dB range. If all the intermediate levels are defined within the 10 dB range, the final result of the test would not be affected. Thus, we believe rather than discussing how many intermediate levels would be needed, it would be good confirm the 10dB value agreed for LTE FDD repeaters is still valid for the NR repeaters. 
[bookmark: _Ref67500682][bookmark: _Ref71622812][bookmark: _Ref85803349]Observation 5: The number of input signal levels is not impacting the final outcome of the test, as the largest applied power level will provide the most stringent test conditions.
It is necessary to test also emissions and signal quality to confirm that the repeater is operating as intended with presence of high power input signal.
Proposal 4: EVM, OBUE and ACLR should be also verified with 10 dB higher input power then the power level resulting in maximum output power.
We do not see any special reason why the power accuracy of IAB-MT cannot be used for the UL of the NR repeater. So we suggest to follow the IAB-MT power accuracy for UL.
[bookmark: _Ref85550410]Proposal 5: IAB-MT power accuracy values can be used as a starting point for the UL of FR1 NR repeaters. 
2. Conclusion
In this contribution, we investigated conducted transmit power related requirements for NR repeaters. We have made following observations and proposals:
Observation 1: For NR repeaters, the deployment scenarios must be considered to define the upper power limits. There are specific deployment scenarios of NR repeaters where having only one power class would not be acceptable.
Proposal 1: We may need sperate power limits for DL (access) and UL (backhaul), depending on the repeater deployment scenario.
Proposal 2: For FR1 DL, the output power limits of Type 1-C BS classes could be used for NR repeater classes as well.
Observation 2: Per band power limits provide more flexibility than a single fixed limit as they allow to fully utilize all allowed UE output power.
Observation 3: IAB-MT power limits satisfy the agreed WF conditions, and hence, the power limits of IAB-MT could be used for FR1 UL of the repeaters.
Proposal 3: For FR1 UL LA class, either a single fixed limit which does not depend on the operating band (e.g., PC3) or the highest power out of all the UE power classes allowed in that operating band.
Observation 4: For WA class with unlimited power, 3GPP requirements cannot guarantee the co-existence and it is left to the deploying operators.
Observation 5: The number of input signal levels is not impacting the final outcome of the test, as the largest applied power level will provide the most stringent test conditions.
Proposal 4: EVM, OBUE and ACLR should be also verified with 10 dB higher input power then the power level resulting in maximum output power.
Proposal 5: IAB-MT power accuracy values can be used as a starting point for the UL of FR1 NR repeaters. 
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