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1. [bookmark: _Ref127452035][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
This contribution provides some considerations on enhancements for NCR. Some of the enhancements have been proposed or discussed by companies in Rel-18 NCR SI/WI, but not supported due to time limitation and the possibility to use implementation-based solution, these enhancements include gain control, self-interference and beam characterization. Some other enhancements intend to support new scenarios such as multi-carrier operation.
2. [bookmark: _Ref47611271][bookmark: _Ref47611245]Discussion 
In this section, the necessity of the potential enhancements for NCR will be discussed, and the suggestion on project organization will be given.
2.1. Gain control 
	[bookmark: _Ref118742394]RAN1#109 Agreement
Recommend to capture the following observation in TR 38.867:
· The benefits of power information used to control the behavior of NCR-Fwd for the DL of access link and/or UL of backhaul link are observed by the following inputs:
· [Source-1, Huawei] shows that for the uplink transmission via NCR, a fixed NCR amplifying gain may lead to interference to the gNB or NCR UL coverage loss. For the downlink transmission via NCR, a fixed NCR amplifying gain may lead to NCR RU saturation or NCR DL coverage loss.
· [Source-2, vivo] shows that the optimal system performance can be achieved when repeater’s gain is set to a proper value.
· [Source-3, ETRI] shows that dynamic repeater gain/power control can provide additional SINR gain over semi-static repeater gain/power configuration.
· [Source-4, Ericsson] mentions that the gain control is needed for self-interference management due to repeater oscillation.
· This agreement does not change the prioritization of PC
TR 38.867
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.


In Rel-18 NCR SI phase, the benefits of power control have been observed as in the RAN1 109 agreements.
In our opinion, one motivation of power control is to reduce the interference/noise amplified by NCR. For example, for UL forwarding, the NCR’s noise is accumulated at the gNB side, and the noise level for the gNB’s reception is increased, i.e., 
Noise_gNB = 10lg(KTB) + NF_RU +G_RU – PL_gNB-RU 
where KTB is noise floor, NF_RU is the noise figure at the receiver side of the repeater, G_RU is the UL amplifying gain of the repeater, and PL_gNB-RU is the pathloss between gNB and RU. Based on the formula, if the gain of the repeater is much larger than the pathloss between gNB and RU, the noise level for gNB’s reception will increase due to deployment of repeater, which would negatively impact the UL signal quality for the UE(s) not served by the NCR, then the UL coverage will shrink. Similarly, for DL forwarding, power control can also be used to reduce the interference/noise for the UE(s) not served by the NCR.
[bookmark: _Ref135070772]Moreover, controlling the amplifying gain of the NCR can also be used to maintain the NCR’s coverage. For example, if the link between gNB and RU is blocked, gNB can increase the gain of the NCR to maintain the coverage. Such operation is beneficial especially when the NCR is used to serve UEs in the coverage hole area. 
However, due to limited TUs for Rel-18 NCR, this feature was deprioritize, and it is assumed that the adjustment of the amplifying gain is up to operator/vender. In our opinion, the amplifying gain is manually adjusted during and after the NCR deployment, which is not aligned with the sprite of intelligent network. Therefore, it is proposed to support amplifying gain control in potential Rel-19 eNCR.
Proposal 1: Amplifying gain control should be included in the scope of Rel-19 eNCR.
2.2. Self-interference handling  
The NCR maintains backhaul link and access link simultaneously, when the two links operate in the same band, the signal from one of the links may impact the other link. For example, for DL/UL signaling forwarding, the Fwd’s output signal may return to the Fwd’s input antenna, this will incur self-interference of the NCR. If the output power cannot be compensated by the pathloss between the output side to the input side, self-exitation phenomenon appears, which may burn out the hardware. 
For legacy NCR deployment, the antennas for backhaul link and access link can be well isolated to avoid the self-exitation. However, for NCR operating in FR2, the channel condition is not stable, the physical isolation may not be applicable for some deployment scenario. Therefore, it is preferred to support some methods for the NCR to monitor and manage the self-interference to avoid self-exitation, e.g., NCR periodically measures the self-interference and reports expected transmission parameters to gNB to avoid self-exitation. 
[bookmark: _Ref127451476]Proposal 2: Self-interference handling should be included in the scope of Rel-19 eNCR.   
2.3. RRC based capability report
For Rel-18 NCR, the information of NCR beam character is assumed to be exchanged via OAM signaling between NCR and gNB. However, OAM-based solution is applicable only if the NCR is deployed by operator. If the NCR is self-mounted by customer as in [1], specified signaling (e.g., RRC) seems better choice for the NCR to report its capability, since it should not be assumed that the operator’s OAM function is accessible to each customer. It is noted that the beam characterization and beam indexing have been discussed in Rel-18 NCR WI, which can be baseline for further discussion. 
Proposal 3: Consider beam character report via RRC signaling in Rel-19 eNCR.
2.4. Multi-carrier operation
In Rel-18 NCR WI, it is assumed that the same beam or ON-OFF status is applied to all the amplified carriers of the NCR. However, the data traffic and serving UEs on different carrier can be different, it is not efficient to have a unified control for forwarding operation on all the carriers. Therefore, it is suggested to further optimize the side control information considering multiple forwarding carriers, e.g., dedicated beam control or ON-OFF control per forwarding carrier.
Moreover, Rel-18 NCR does not support the case that control link operates in FR1 and forwarding link operates in FR2, since quasi co-location relationship has been assumed for control link and backhaul link in Rel-18 NCR. To extent the applicable scenario for NCR deployment, it is suggested to enhance the BH beam indication mechanism without the quasi co-location assumption between control link and backhaul link.
Proposal 4: Consider following enhancements for NCR operation on multiple carriers in Rel-19 eNCR.
· Beam control or ON-OFF control per forwarding carrier.
· BH beam indication mechanism without the quasi co-location assumption between control link and backhaul link.
2.5. Project organization 
First of all, the leading group of (potential) Rel-19 eNCR should be discussed. Based on current agenda of RAN #101 meeting (RP-231501), RAN2 is the leading group for eNCR discussion. However, based on our company’s observation, the potential enhancements are mostly RAN1 enhancements. It is preferred to assign RAN1 as leading group for the (potential) Rel-19 eNCR.
Proposal 5: RAN1 is the leading group for the (potential) Rel-19 eNCR.
Regarding the TU assignement, it is preferred to assign 0.5 TU or 1 TU to RAN1 to finalize the most essential enhancements for NCR, and RAN1 can start WI directly since the benefits or feasibility of the proposed enhancements are either obvious or have been proved in Rel-18 NCR. 
Proposal 6: Assign 0.5 TU or 1 TU to RAN1 for the (potential) Rel-19 eNCR WI.
3. Conclusion
This contribution focuses on discussion of enhancements for NCR, and providing the following proposals:
Proposal 1: Amplifying gain control should be included in the scope of Rel-19 eNCR.
Proposal 2: Self-interference handling should be included in the scope of Rel-19 eNCR.   
Proposal 3: Consider beam character report via RRC signaling in Rel-19 eNCR.
Proposal 4: Consider following enhancements for NCR operation on multiple carriers in Rel-19 eNCR.
· Beam control or ON-OFF control per forwarding carrier.
· BH beam indication mechanism without the quasi co-location assumption between control link and backhaul link.
Proposal 5: RAN1 is the leading group for the (potential) Rel-19 eNCR.
Proposal 6: Assign 0.5 TU or 1 TU to RAN1 for the (potential) Rel-19 eNCR WI.
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