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1 Introduction
In this contribution, we provide our views on NCR’s power control as noted by NCR WID:
· Note: Power control aspect will be checked in RAN#98e.

2 Discussion
We note that the TX power of a repeater is subject to (a) a max output TX power, and (b) a max amplification gain. That is, without any side control from the gNB, NCR-Fwd may attempt to autonomously set/adjust its output power as follows (also in Figure 1),
   	(1)
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[bookmark: _Ref110857907]Figure 1 NCR output power (gain-limited vs TX power-limited regions)

NCR’s power control may have different use-cases:
1. EPRE control (e.g., to maintain constant TX power for SSB/CSI-RS)
1. Interference management
1. Proper and timely gain control to avoid NCR’s PA saturation. 
1. Proper UL TX power control between NCR-MT and NCR-Fwd, when supporting simultaneous (FDM) communication of NCR-MT and NCR-Fwd in UL. 
3. In such cases, proper power control may be needed to address power sharing and/or any power mismatch between the two FDMed signals.
1. Power saving at the NCR, UE, and/or gNB.
1. Avoiding NCR’s oscillation due to self-feedback loop.

An autonomous power setting, i.e., following formula (1) and without side control from gNB, has implications, some of them are discussed below.

(1) EPRE control
Without side control from the gNB (and transparently to the gNB), NCR may autonomously change its gain setting while forwarding DL reference signals (like SSB, CSI-RS). This, in turn, will change the effective allocated energy per RE. 
The NCR’s autonomous gain change may be due to
a. Internal control to avoid self-oscillation
b. Avoiding PA saturation, when the input DL power to the repeater changes as a result of e.g. change in the RB allocation, or channel variations.
For example, the total output TX power of gNB increases with the occupied BW (e.g., assuming a uniform PSD). NCR may (and this is indeed typically the case) operate in the TX power-limited region when forwarding DL. Hence, for larger RB allocations, NCR needs to share a fixed (max) output power budget across more occupied RBs. This will lead to reduced effective EPRE in DL.
Such an artificial EPRE variation (which is not due to channel variation) may have impacts on the UEs’ measurements. 

Observation 1
NCR’s autonomous gain change may lead to DL EPRE variations. 

(2) Proper and timely gain control to avoid NCR’s PA saturation
As hinted above, there can be changes in the input power of NCR – e.g., in DL and due to different RB allocations across different slots, or changes in the beam and/or channel that may lead to changes in the RX power or PAPR of the input signal. Without prior indication, NCR’s PA may saturate (or not operate efficiently) while the NCR’s autonomous gain control converges. 
Observation 2
Without gNB’s control or indications, NCR’s PAs may temporarily saturate (or not operate efficiently) due to changes of the level of input power to NCR-Fwd. 

(3) UL power control
It was suggested that UE’s UL power control is enough to meet a target UL received power at the gNB, and there is no need to support NCR-Fwd’s UL power control. In what follows, we would like to clarify UE’s TX power and NCR-Fwd’s UL power controls have different impacts. 
We note that E2E effective SNR of the UE roughly follows the formula below:
  	(2)
We expect BH SNR () to be typically much larger than the access SNR ()  --  – e.g., due to proper placement of the repeater and more favorable BH channel conditions, and larger antenna array size of NCR compared to UE. Therefore, in many cases, , and reducing UE’s UL TX power will proportionally reduce its access link SNR that will, in turn, lead to similar amount of reduction in the E2E SNR.
Alternatively, and if NCR’s output power (or amplification gain) change is supported, a target received UL power at the gNB can be met by adjusting NCR’s output power. This will reduce the BH SNR, with smaller impact on the E2E SNR. [1] provided more analyses. 
Further studies are needed to investigate the circumstances under which the UL power should be adjusted, and to understand the trade-offs between UE’s UL power and NCR-Fwd’s power/gain adjustments. For example, in some cases, it may still be desirable to adjust UE’s UL TX power, for UE power saving purposes and/or due to interference caused directly by the UE.  

Observation 3
For UL power control and to achieve a desired adjustment in UL RX power at the gNB, changing UE’s UL TX power leads to a degradation of UE’s end-to-end SNR and throughput. Alternatively, changing NCR’s output power can achieve the desired adjustment with lower impact on the end-to-end SNR. 
· Further studies are needed to investigate the conditions and trade-offs between UE’s UL power control, and NCR-Fwd’s power/gain adjustment.

Regarding the self-oscillation mitigation, NCR’s implementation should handle this without a need for side control from the gNB. That is, the NCR should support internal mechanisms to monitor for a self-oscillation issue (e.g., due to environmental changes) and autonomously adjust its gain setting to avoid oscillation. In our view, the maximum power/gain can be configure/indicated to the NCR. And the NCR may need to back off from the max power/gain, if it detects a self-oscillation issue.

Observation 4
NCR’s implementation should handle self-oscillation issue, without gNB’s side control.

Based on the above discussions and observations, we believe while NCR can support basic operation without network-controlled power/gain setting, providing the gNB with the flexibility to control the NCR’s power/gain is beneficial. 

Observation 5
NCR’s power control via side control information indication, as an enhanced feature, can improve the performance. 
However, given the 3GPP time limitations in Rel-18, NCR’s power control may be discussed in future.

Proposal
Given the 3GPP time limitations, NCR’s power control is considered as an enhanced feature for future. 

3 Conclusion
In this contribution, we provided our views on NCR’s power control, and made the following observations:
Observation 1
NCR’s autonomous gain change may lead to DL EPRE variations.
Observation 2
Without gNB’s control or indications, NCR’s PAs may temporarily saturate (or not operate efficiently) due to changes of the level of input power to NCR-Fwd. 
Observation 3
For UL power control and to achieve a desired adjustment in UL RX power at the gNB, changing UE’s UL TX power leads to a degradation of UE’s end-to-end SNR and throughput. Alternatively, changing NCR’s output power can achieve the desired adjustment with lower impact on the end-to-end SNR. 
· Further studies are needed to investigate the conditions and trade-offs between UE’s UL power control, and NCR-Fwd’s power/gain adjustment.
Observation 4
NCR’s implementation should handle self-oscillation issue, without gNB’s side control.
Observation 5
NCR’s power control via side control information indication, as an enhanced feature, can improve the performance. 

While we believe NCR’s power control is a useful tool to increase the benefits offered by an NCR, given the 3GPP time limitations in Rel-18, this feature may be discussed in future. 

Proposal
Given the 3GPP time limitations, NCR’s power control is considered as an enhanced feature for future. 
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