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Introduction
This contribution further discusses the aspects of NCR, including timing, power control and ON-OFF control, based on the following NCR functional entity agreed in RAN1 #109e as well as the conclusion from RAN #96 that the study focuses on the case where NCR-Fwd carrier and NCR-MT carrier are in-band carriers. 

Agreement
Capture the following model of network-controlled repeater in TR 38.867.
[image: ]
· The NCR-MT is defined as a function entity to communicate with a gNB via Control link (C-link) to enable the information exchanges (e.g. side control information). The C-link is based on NR Uu interface.
· Note: Side control information is at least for the control of NCR-Fwd
· The NCR-Fwd is defined as a function entity to perform the amplify-and-forwarding of UL/DL RF signal between gNB and UE via backhaul link and access link. The behavior of the NCR-Fwd will be controlled according to the received side control information from gNB. 
Discussion 
1.1 Timing
The discussion in this section relates to the following agreements in RAN1 #109e. 
	Agreement
Capture the following assumption of network-controlled repeater in TR 38.867.
· As baseline, same large-scale properties of the channel, i.e., channel properties in Type-A and Type-D (if applicable), are expected to be experienced by C-link and backhaul link (at least when the NCR-MT and NCR-Fwd operating in same carrier). 

Agreement
For the timing of NCR, the following assumption is considered as baseline:
· The DL receiving timing of the NCR-Fwd is aligned with the DL receiving timing of the NCR-MT.
· The UL transmitting timing of the NCR-Fwd is aligned with the UL transmitting timing of the NCR-MT.
· FFS: the impact of internal delay on the following timing relationships:
· The DL receiving timing and DL transmitting timing of the NCR-Fwd
· The UL transmitting timing and UL receiving timing of the NCR-Fwd

Agreement
Recommend to capture the following examples of the transmission/reception of C-link and backhaul link by NCR in TR 38.867.
· The DL of C-link and DL of backhaul link can be performed simultaneously or in TDM way.
· The UL of C-link and UL of backhaul link can be performed in TDM way
· Note-1: Multiplexing is under the control of gNB with consideration for NCR capability
· Note-2: Simultaneous transmission of the UL of C-link and UL of backhaul link is subject to NCR’s capability


 
Because NCR-Fwd is by definition an equipment running on RF signal, the alignments of DL receiving timing and UL transmitting timing of NCR-Fwd to those of NCR-MT are not performed in baseband but in RF. Further, this aligned UL transmitting timing of NCR-Fwd would in general not align to the frame/slot timing of the UL signals that are forwarded by NCR-Fwd on the uplink.  Figure 1 shows the timing diagram being used to derive the timing difference between the two on baseband signal level, where  
· Time error e1 is generated in the RF timing alignment between NCR-Fwd UL transmitting and NCR-MT UL transmitting;
· Time error e2 is the error in determination of NCR-MT UL transmitting timing in RF based on the same timing in baseband. This error is not necessarily the same as the internal delay between RF and baseband, since the NCR-MT can perform the internal delay compensation when determining the NCR-MT UL transmitting timing in RF. However, the error e2 still exists given the compensation may not be perfect. 
· Time error e3 is the error at baseband level between UL frame timing in the NCR-MT and UL frame timing for a UE in the NCR-Fwd. These two timings would respectively run through C-link and backhaul link that experience the same channel delay and be controlled by the timing advance procedure at the gNB. Therefore, e3 equals to the possible timing difference between two UL-Rx at the TA loop in gNB, which is one TA step, i.e., 16*64Tc, if NCR-MT follows the existing TA procedure.
Because the generations of {e1, e2, e3} are independent from each other, the total time difference is e1+e2+e3.


[bookmark: _Ref110896486]Figure 1 Diagram of timing difference between UL transmitting timing and UL frame timing in NCR-Fwd baseband
Observation 1: If the NCR-Fwd UL transmitting timing in RF is used for a NCR-Fwd functionality, such as uplink power amplifying, backhaul-C-link multiplexing and access link On-Off control, the functionality very likely does not align with the UL frame timing in baseband of the UL signal forwarded through NCR-Fwd. 
· The misalignment timing error is 16*64Tc  plus the timing error of alignment between NCR-Fwd RF and NCR-MT RF and the timing error due to NCR-MT internal baseband-to-RF delay. 
The further evaluation of e1+e2+e3 may need RAN4 knowledge or assumptions on e1 and e2.  
1.2 Power control on NCR-Fwd
RAN1 #109e reached the following agreement for power control of NCR-Fwd. 
	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

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



For a UE in NCR coverage and in CONNECTION mode, its uplink Tx power follows the principle as following:

where {, } are parameters derived from semi-static parameters/procedures or dynamically selectable from very limited number of configured candidate values under a specific UE capability, PL is the DL pathloss estimated from a given RS resource that is in general periodic,   is a term adjusted by close-loop TPC commands in MAC-CE. The change of amplifying gain of NCR-Fwd on DL effectively changes the estimated PL and consequently the UE uplink Tx power. If amplifying gain is changed dynamically, the corresponding impacts to PL could be different for different UEs served via NCR, since different UE may have different implementations for downlink pathloss estimation based on a periodic RS, e.g., due to different filtering techniques. So the single amplifying compensation on the NCR-Fwd uplink would not be enough – the gNB may still need to send some TPC to the UEs, after finding out the Rx power levels at gNB for those UEs are not desirable.  Further, even without amplifying gain change in NCR-Fwd, different UE’s may still see different UP and DOWN commands in the received TPC MAC-CEs, then the single dynamic amplifying applied to NCR-Fwd would inevitably make some UE’s Tx power either further in excess or further in shortage, which requires more TPC commands to be delivered to the UE to somehow neutralize or even turn over the effects of amplifying gain change.    
For a UE in NCR coverage but not in CONNECTION mode (e.g., IDLE mode), the dynamic change of amplifying gain can create additional impacts to random access procedure of the UE, for example, the qualified Tx power level resulting from a successful random access message may suddenly become not large enough for later communications.                
Observation 2: The dynamic change of NCR-Fwd amplifying gain may result in more TPC commands for a UE, and unexpected radio link failures after successful random access. 
Proposal 1: Rel-18 NCR does not further pursue dynamic change of NCR-Fwd amplifying gain.  
1.3 On-Off control
RAN1 #109e reached the following agreement for On-Off control of NCR-Fwd. 
	Agreement
ON-OFF information is beneficial and recommended for network-controlled repeater to control the behaviour of NCR-Fwd.
· FFS: Detailed mechanism of ON-OFF indication and determination
· FFS: explicit indication or implicit indication of ON-OFF information

Agreement
For indication of NCR-Fwd ON-OFF for efficient interference management and improved energy efficiency, both dynamic and semi-static indication can be considered 
· FFS: RAN1 to consider whether/how to handle the forwarding of broadcast and cell-specific signals/channels.

Agreement
The following options can be considered to indicate the ON-OFF information from gNB to NCR for controlling the behaviour of NCR-Fwd:
· Option 1: Explicit indication with on-off state (e.g., via dynamic or semi-static signalling) or on-off pattern (e.g., periodic/semi-static ON-OFF pattern or new DRX-like pattern for ON-OFF)
· Option 2: Implicit indication via the signalling for other information (e.g., beam, DL/UL configuration, or PC information)
· Note: This example does not imply that PC information is necessary or not.
· Other solutions (e.g., potential combination of explicit and implication solution) can be further discussed.



The dynamic ON-OFF may change the channel state that a UE experiences. As shown in Figure 2, UE1 is served by gNB directly, while the DL signal sent by NCR on access link can also reach UE1. Such UE1 location is possible if no coverage hole is supposed to exist between gNB and NCR. What UE1 observed is the combined DL channel effect from Uu DL of gNB and access DL from NCR, without any of gNB/NCR/UE being aware of such channel combination.  Then the dynamic ON-OFF of NCR access link would change the combined channel states to UE1 dynamically, which may somehow destroy the fundamental assumption for quasi-collocation of channels/signals from UE1 perspective.    


[bookmark: _Ref110951668]Figure 2 Impact of dynamic ON-OFF to a UE served by gNB
Observation 3: Dynamic ON-OFF of NCR-Fwd may impact the QCL assumption of a UE served by signal from gNB and meanwhile being at a spot that the access link signal from NCR-Fwd can reach. 

Proposal 2: RAN1 should study the impact of dynamic ON-OFF of NCR-Fwd access link to a UE served by signal from gNB and meanwhile being at a spot that the access link signal from NCR-Fwd can reach. 
· The study assumes the UE is legacy UE.
· The study at least focuses on potential impacts to QCL relation maintained in UE. 
Conclusions
This contribution concluded with the following observations and proposals:
Observation 1: If the NCR-Fwd UL transmitting timing in RF is used for a NCR-Fwd functionality, such as uplink power amplifying, backhaul-C-link multiplexing and access link On-Off control, the functionality very likely does not align with the UL frame timing in baseband of the UL signal forwarded through NCR-Fwd. 
· The misalignment timing error is 16*64Tc  plus the timing error of alignment between NCR-Fwd RF and NCR-MT RF and the timing error due to NCR-MT internal baseband-to-RF delay. 
Observation 2: The dynamic change of NCR-Fwd amplifying gain may result in more TPC commands for a UE, and unexpected radio link failures after successful random access. 
Observation 3: Dynamic ON-OFF of NCR-Fwd may impact the QCL assumption of a UE served by signal from gNB and meanwhile being at a spot that the access link signal from NCR-Fwd can reach. 

Proposal 1: Rel-18 NCR does not further pursue dynamic change of NCR-Fwd amplifying gain.  
Proposal 2: RAN1 should study the impact of dynamic ON-OFF of NCR-Fwd access link to a UE served by signal from gNB and meanwhile being at a spot that the access link signal from NCR-Fwd can reach. 
· The study assumes the UE is legacy UE.
· The study at least focuses on potential impacts to QCL relation maintained in UE. 
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