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1 Introduction
This contribution provides our views on the following objective from the NCR WID:
· Specify control plane signalling and procedures [RAN2, RAN1]
· The configuration of signalling for side control information indication
· NOTE: Down-selection of solutions in section 7.2 of TR 38.867 is needed

We also discuss aspects related to NCR’s power control as noted by NCR WID:
· Note: Power control aspect will be checked in RAN#98e.
 
2 L1/L2 Signalling: General Aspects

RAN1 already agreed to the following for access link beamforming indication:
· Beamforming indication also includes an explicit indication of associated time domain resources. 
· Both symbol-level and slot-level granularity are supported.
· Both dynamic indication and semi-static indication are supported.

2.1. Unified Control Signalling Framework 
Regarding dynamic and semi-static indication, we should at least support L1 (DCI-based) signaling to enable fast adaptation of repeater’s configurations. On the other hand, to support semi-static indication (e.g., when the repeater is used to forward semi-static/periodic signals), L2 (MAC-CE based) or L3 (RRC based) signaling will be more efficient.
As discussed in our companion RAN1 contribution [1], the same concepts should be adopted for other side control information – i.e., backhaul link beamforming indication, explicit ON-OFF indication (if agreed), and UL/DL state indication (for “flexible resources” – if agreed). 
Moreover, RAN1 should strive to define a unified signalling framework for various side control information. 

Proposal 1
Support a unified signaling framework for indication of various side control information, including access and backhaul link beamforming information, explicit ON-OFF indication (if agreed), and DL/UL state indication (if agreed).

 
Proposal 2
Support both slot-level and symbol-level granularity for the time-domain resource indication of side control information.

Proposal 3
Support both dynamic indication and semi-static indication for side control information.
· Support L1 (DCI-based) signaling for dynamic indication of side control info.
· Support L2/L3 (MAC-CE or RRC based) signaling for semi-static indication of side control info.

2.2. Application Latency 
Another important aspect is the application latency from the time NCR-MT receives side control information from gNB to the time NCR-Fwd can implement the indicated configuration. As a baseline, the legacy framework (as those in 38.214) can be used. 

Proposal 4
RAN1 to discuss the application delay from the time NCR-MT receives side control information to the time NCR-Fwd implements the indicated configuration.
· Use legacy framework (e.g., as specified in 38.214) as a baseline.

2.3. Capability Report 
A repeater, just like a UE, should share information about it capability and configurations with the network. A repeater has two components: (a) NCR-MT, and (2) NCR-Fwd. NCR-MT supports features/capabilities, where some of them may need to be reported to the network. Legacy procedures, based on RRC, can be used for NCR-MT’s capability reporting.  
Proposal 5
NCR-MT’s capability report follows the same framework as legacy UEs (i.e., via RRC). 

The repeater also has some features/configurations associated with its NCR-Fwd, that should be reported to the network. 
Beam-related information (such as the number of beams NCR can support on its access link) is one such example. 
Another example is power-related information. As discussed in [1], it is beneficial for the network to be able to control NCR’s power. Therefore, the network should have information about NCR’s power setting (such as NCR-Fwd’s max TX power, max amplification gain, and/or power headroom).
Frequency-related information is yet another example which is also discussed in [1]. A repeater may support operating in multiple passbands (consecutive or non-consecutive). The repeater may also have the capability to selectively forward signals in different passbands. If so, such a capability can be utilized by the network to more efficiently (e.g., in terms of interference or power consumption) configure NCR operation – e.g., by instructing the repeater not to forward the signal in a passband for a duration of time. 

NCR-Fwd’s related information may be reported along with NCR-MT’s features/capabilities (e.g., by extending the legacy capability reporting framework). Alternatively, NCR-Fwd’s related information may be reported separately, and especially via lower-layer (L1/L2) signaling. 
Observation 1
A repeater has features/configurations associated with its NCR-Fwd – such as beam-related (e.g., number of supported TX/RX beams), power-related (e.g., NCR-Fwd’s max power, max amplification gain, or power headroom), and frequency-related information (e.g., supported passbands, and whether NCR supports selective forwarding across the passbands). 
Proposal 6
Support indication of NCR-Fwd’s specific information to the network, including 
· Beam-relate information (e.g., the number of supported TX/RX beams)
· Power-related information (e.g., NCR-Fwd’s max power, max amplification gain, or power headroom)
· Frequency-related information (e.g., supported passbands, and whether NCR supports selective forwarding across the passbands)
· Multiplexing capability (i.e., whether it support simultaneous UL transmissions on the control-link by NCR-MT and backhaul link by NCR-Fwd)
FFS: signaling method (e.g., new L1/L2 signaling, or L3 signaling with a possibility of joint report with repeater’s other features/capabilities associated with NCR-MT)

3 Power Control
RAN1#109e agreed to the following
	Agreement
The controlling of the amplifying gain of NCR-Fwd is considered to enable the power control of NCR-Fwd if PC is recommended as side control information for NCR in Rel-18
· FFS: Controlling of the transmission power of NCR-Fwd



The approved NCR WID also included the following note.
	· Note: Power control aspect will be checked in RAN#98e.



In this section, we provide our views on the benefits and necessity of supporting NCR’s power control. 
We should 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 set its output power as follows (also in Figure 2),
   	(1)
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[bookmark: _Ref110857907]Figure 2 NCR output power (gain-limited vs TX power-limited regions)

Observation 2
Repeater’s output power is subject to (a) a max TX power, and (b) a max amplification gain. Therefore, depending on the level of input power, the repeater may operate in one of gain-limited or 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. 
2. 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 RX 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. This will have impact on EVM, and UE’s E2E throughput.
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.
5. However, this can be addressed autonomously by NCR, without a need for side control. 
 
Observation 3
NCR’s power control, via side control, is needed at least for the following use-cases:
· EPRE control (e.g., to maintain constant TX power for SSB/CSI-RS)
· Interference management
· Proper and timely gain control to avoid PA saturation
· Proper power control when FDMing NCR-MT’s UL and NCR-Fwd’s forwarded signals
· Power saving

An autonomous power setting, i.e., following formula (1) and without side control from gNB, may have shortcoming and implications. In what follows, we discuss some of these concerns for two use-cases: (1) EPRE control, and (2) interference management.  

(1) EPRE control
The actual amplification gain in the TX power-limited region depends on the level of input power. Without proper considerations, the NCR may switch between gain-limited and TX power-limited regions and hence forward signals with different amplification gains.
For example, in DL, the total output TX power of gNB may increase with the occupied BW (e.g., assuming a uniform PSD). For larger RB allocations, the NCR may enter the TX power-limited region, where it needs to share a fixed (max) output power budget across all occupied RBs. This will lead to reduced effective EPRE (energy per RE) in DL. This may particularly be undesirable on DL symbols that carry DL-RS (such as SSBs, CSI-RS), because it may lead to a variable TX power of such DL-RSs forwarded by NCR.

Observation 4
In the TX power-limited region, the effective output power per RB reduces for larger RB allocations. This is particularly undesirable, when forwarding DL symbols that carry DL-RS (e.g., SSB or CSI-RS).

(2) interference management
One of the main use-cases of power control is for interference management (in both DL and UL). 
Let us consider UL for now! The legacy UL TX power control mechanisms (UL TPC) have been put in place to give the network the flexibility to adjust TX power of UEs in order to meet a desired level of RX power at the gNB.  
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Now consider a case where UE’s signal is being forwarded by NCR (Figure 3), and gNB likes to adjust its UL RX power. One may argue that this can be achieved by adjusting UE’s TX power using legacy TPC, and without any change to NCR’s power setting. However, there are two implications:

1. Much larger UE TX power reduction may be needed in the TX power-limited region
Assume the UL RX power at the gNB should be reduced by X dB. If the NCR operates in the gain-limited region, this can be achieved by X dB reduction of UE’s UL TX power. However, if the NCR is already in the TX power-limited region, UE’s UL TX power reduction will not change the NCR’s output power up to some point. Hence, a larger than X dB power reduction will be needed at the UE’s UL TX.

1. Reducing UE’s TX power leads to end-to-end performance degradation
We note that E2E effective SNR of the UE roughly follows the formula below:
  	(2)
Also, in practice, 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, the UE’s UL TX power is unchanged, and NCR’s output power (or amplification gain) is reduced. In this case, access link SNR remains the same, and BH SNR is reduced, and such a reduction, in many cases, may not result in noticeable change in the E2E SNR. 

The above implications are further demonstrated below.  Figure 4 shows the NCR’s output power (EIRP), BH SNR, access SNR, and effective E2E SNR as a function of UL RX power at NCR’s input. Evaluation assumptions are as follows: , , NCR-Fwd’s beamforming gain=19dBm, BH Pathloss = 100 dB, BW=100 MHz, noise figure = 5.5 dB. 
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(a) 							(b)
[bookmark: _Ref115290698]Figure 4: relationship between NCR’s RX power and NCR’s RX power and access/BH/E2E SNR. Figure (b) further shows the impact of reducing NCR’s max output power on the E2E SNR.

Assume for an upcoming UL slot, the NCR’s output power should be <= 36 dBm. This can be done via
· Alt 1. Reducing the UL TX power of UE
· Alt 2. Reducing the output TX power of NCR (without changing UE’s TX power)
We also consider two examples:
· Example 1.  NCR’s original UL RX power is -60 dBm (shown by the blue dot).
· Example 2. NCR’s original UL RX power is – 68 dBm (shown by the green dot).

Following Alt 1 (Figure 4 (a)), and in order to meet 36 dBm target output power of NCR, the NCR’s input power should be reduced to -73 dBm, which corresponds to an E2E SNR of 15 dB. This, in turn, leads to:
· 11 dB E2E SNR reduction for Example 1
· 5 dB E2E SNR reduction for Example 2
Following Alt 2 (Figure 4 (b)), the max output power of NCR may be reduced to 36 dBm (i.e., 5 dB reduction from its original max output power of 41 dBm). Such a reduction of NCR’s output power, without changing UE’s UL TX power, leads to 
· 3 dB E2E SNR reduction for Example 1
· <0.5 dB E2E SNR reduction for Example 2

Table 1 summarizes these observations.
[bookmark: _Ref115291743]Table 1: impact on E2E SNR, while meeting a target NCR's output TX power (36 dBm)
	NCR’s original RX UL power
	Alt1. Reducing UE’s UL TX power
	Alt2. Reducing NCR’s output power (by 5 dB) w/o changing UE’s TX power

	Example 1: -60 dBm 
	UE’s TX power reduction = 13 dB
E2E SNR reduction = 11 dB
	UE’s TX power reduction = 0 dB
E2E SNR reduction = 3 dB

	Example 2: -68 dBm
	UE’s TX power reduction = 5 dB
E2E SNR reduction = 5 dB
	UE’s TX power reduction = 0 dB
E2E SNR reduction < 0.5 dB



Observation 5
For UL power control and to achieve a desired adjustment in UL RX power at the gNB, changing UE’s UL TX power can lead to a significant degradation of UE’s end-to-end SNR and throughput.
Alternatively, changing NCR’s output power and maintaining UE’s UL TX power can achieve the desired adjustment at much lower impact on the end-to-end SNR. 

Proposal 7
Support NCR’s power control via side control information indication. 

It also remains to discuss whether amplification gain control is enough for NCR’s power control, or we may also need to control NCR’s transmission power.
Following formula (1), the NCR’s actual amplification gain is calculated as follows.
   	(3)
The actual amplification gain depends on RX power (), in addition to the max gain and max output power. We further note that the NCR’s RX power may change dynamically (e.g., due to changes in TX power of the transmitter, RB allocation, channel variation, etc.), and gNB may not have full knowledge of NCR’s RX power or may have outdated information. Hence, adjusting amplification gain (by gNB) may not guarantee meeting a desired NCR’s output power. 

Observation 6
Regarding adjusting NCR’s amplification gain vs transmission power, the following is observed:
· The actual amplification gain depends on the RX power of the input signal to the NCR.
· The RX power of the input signal may change, and gNB may not have complete/updated information.
· NCR’s amplification gain adjustment may not guarantee meeting a desired NCR’s output power.

Proposal 8
NCR’s power control should support controlling of the transmission power of NCR.

4 Conclusion
In this contribution, we provided our views on NCR’s power control, and some general aspects related to L1/L2 signaling of NCR’s side control information and made the following observations and proposals.

--- L1/L2 signaling: general aspects ---

Proposal 1
Support a unified signaling framework for indication of various side control information, including access and backhaul link beamforming information, explicit ON-OFF indication (if agreed), and DL/UL state indication (if agreed).
Proposal 2
Support both slot-level and symbol-level granularity for the time-domain resource indication of side control information.
Proposal 3
Support both dynamic beam indication and semi-static beam indication for side control information.
· Support L1 (DCI-based) signaling for dynamic indication of side control info.
· Support L2/L3 (MAC-CE or RRC based) signaling for semi-static indication of side control info.
Proposal 4
RAN1 to discuss the application delay from the time NCR-MT receives side control information to the time NCR-Fwd implements the indicated configuration.
· Use legacy framework (e.g., as specified in 38.214) as a baseline.
Proposal 5
NCR-MT’s capability report follows the same framework as legacy UEs (i.e., via RRC). 
Observation 1
A repeater has features/configurations associated with its NCR-Fwd – such as beam-related (e.g., number of supported TX/RX beams), power-related (e.g., NCR-Fwd’s max power, max amplification gain, or power headroom), and frequency-related information (e.g., supported passbands, and whether NCR supports selective forwarding across the passbands). 
Proposal 6
Support indication of NCR-Fwd’s specific information to the network, including 
· Beam-relate information (e.g., the number of supported TX/RX beams)
· Power-related information (e.g., NCR-Fwd’s max power, max amplification gain, or power headroom)
· Frequency-related information (e.g., supported passbands, and whether NCR supports selective forwarding across the passbands)
· Multiplexing capability (i.e., whether it support simultaneous UL transmissions on the control-link by NCR-MT and backhaul link by NCR-Fwd)
FFS: signaling method (e.g., new L1/L2 signaling, or L3 signaling with a possibility of joint report with repeater’s other features/capabilities associated with NCR-MT)


--- power control ---

Observation 2
Repeater’s output power is subject to (a) a max TX power, and (b) a max amplification gain. Therefore, depending on the level of input power, the repeater may operate in one of gain-limited or TX power-limited regions.
Observation 3
NCR’s power control, via side control, is needed at least for the following use-cases:
· EPRE control (e.g., to maintain constant TX power for SSB/CSI-RS)
· Interference management
· Proper and timely gain control to avoid PA saturation
· Proper power control when FDMing NCR-MT’s UL and NCR-Fwd’s forwarded signals
· Power saving
Observation 4
In the TX power-limited region, the effective output power per RB reduces for larger RB allocations. This is particularly undesirable, when forwarding DL symbols that carry DL-RS (e.g., SSB or CSI-RS).
Observation 5
For UL power control and to achieve a desired adjustment in UL RX power at the gNB, changing UE’s UL TX power can lead to a significant degradation of UE’s end-to-end SNR and throughput.
Alternatively, changing NCR’s output power and maintaining UE’s UL TX power can achieve the desired adjustment at much lower impact on the end-to-end SNR. 
Proposal 7
Support NCR’s power control via side control information indication. 
Observation 6
Regarding adjusting NCR’s amplification gain vs transmission power, the following is observed:
· The actual amplification gain depends on the RX power of the input signal to the NCR.
· The RX power of the input signal may change, and gNB may not have complete/updated information.
· NCR’s amplification gain adjustment may not guarantee meeting a desired NCR’s output power.
Proposal 8
NCR’s power control should support controlling of the transmission power of NCR.
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