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Introduction
With the agreements of network-controlled repeater achieved before RAN1#110-bis meeting, the necessity on the side control information were further discussed in RAN Plenary #97-e meeting. And as a result, part of the side control information summarized in the SID [1] for network-controlled repeater was listed as objectives in a new WID of network-controlled repeater in RAN Plenary #97-e meeting [2]:
	The objectives of NR NCR WI follow the recommendations defined in TR 38.867 and will focus on scenarios and assumption listed below:
· Network-controlled repeaters are inband RF repeaters used for extension of network coverage on FR1 and FR2 bands based on the NCR model in TR38.867
· For only single hop stationary network-controlled repeaters
· The NCR is transparent to the UE.
· Network-controlled repeater can maintain the gNB-repeater link and repeater-UE link simultaneously
With these considerations, NR NCR supports the following features:

Specify the signalling and behavior of the following side control information for controlling the NCR-Fwd [RAN1, RAN2]
· Beamforming
· UL-DL TDD operation
· ON-OFF information
Note: Power control aspect will be checked in RAN#98e.

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


In RAN1#110-bis meeting, based on the modules defined in RAN1#109-e meeting [3] for network-controlled repeater (denoted as “NCR”), the framework NCR-MT related to the side control information included in the WID was further discussed in RAN1#110-bis meeting, and some agreements were achieved [4], as shown as follows:
· General
	Agreement
HARQ-ACK feedback for PDSCH carrying the side control information from higher layer (e.g., MAC-CE, RRC) is supported. The legacy HARQ-ACK feedback mechanism is reused.
· FFS: Whether HARQ-ACK feedback for PDCCH carrying side control information is supported
· Note: This does not mean all legacy HARQ-ACK feedback mechanism will be supported.

Agreement
PUCCH and PUSCH are supported for NCR-MT.


· Beamforming information
	Agreement
For NCR-MT which can support adaptive beams in C link, 
· Rel-15 beam indication framework can be reused.
· Rel-17 beam indication framework (i.e., the unified TCI) can be reused as well. The gNB can configure the unified TCI for the NCR-MT, if the NCR-MT supports.

Agreement
To support CSI measurement/reporting mechanisms for NCR-MT in C-link
· The necessary legacy mechanism for receiving CSI-RS is reused for NCR-MT.
· The necessary legacy mechanism for reporting CSI is reused for NCR-MT.
· FFS: The details of the necessary mechanisms will be further discussed and decided.
· Note: this does not mean all the legacy procedures for receiving CSI-RS and reporting CSI will be supported.

Agreement
To support the sounding procedure for NCR-MT in C link, the necessary mechanism of legacy UE sounding procedure is supported.
· FFS: The details of the necessary mechanism of legacy UE sounding procedure.
· Note: This does not mean all legacy UE sounding procedure will be supported. 


· Timing information
	Agreement
The TA adjustment mechanism of legacy UEs is supported for NCR-MT in C link.


In this contribution, we provide views on signalling format for side control information interchanging, and the aspects that aren’t listed in the WID for NCR, for example, carrier indication and power control for NCR-Fwd to minimize the interference caused by NCR to other UEs.
Discussion
Signaling format
In our company’s contribution [5], dynamic beam indication method for access beam and the associated time domain resource allocation indication method are presented. As known as the access beam is to provide service for the UEs, which are with mobility. Thus, in order to track the UE’s mobility as quick as possible, the dynamic indication of access beam should be indicated via DCI. 
To reduce the complexity and standard effort of dynamic indication, we suggest to reuse the legacy DCI format with a new interpretation of some fields. As assumed in SID [1] of NCR, it’s a stable node. So we can expect the channel variation between NCR and base station is slowly enough to apply a semi-static configuration of MCS, PDSCH resource in frequency domain (indicated by FRDA), even the TCI states for communication between base station and NCR-MT. 
However, there will be some errors in NCR-MT decoding, when the configurations (MCS, FDRA…) don’t match with the channel condition due to blockage, with the semi-static configuration of MCS and/or frequency resources. Moreover, as a result, the forwarding transmission of NCR-Fwd based on the decoded side control information of NCR-MT will also have a high probability of error. To address this problem, a higher priority for updating the configurations of NCR-MT is needed in addition to the DCI format shared between NCR-MT and NCR-Fwd. Based on the defined priority, we reuse the MCS, FDRA, even TCI state to indicate the access beam of NCR-Fwd when there is no necessity to re-configure the scheduling information for communication of NCR-MT.
Proposal 1: Support reuse the MCS, FDRA, and/or TCI state fields in legacy DCI format to dynamically indicate the access beam of NCR-Fwd.
Carrier indication for NCR-Fwd
The definition of “in-band” NCR is clarified in the RAN1#109-e meeting, which is that the carrier of NCR-MT to interchange control information with gNB is within the carriers of NCR-Fwd to forward the signal between gNB and UE. In our opinion, the NCR will be installed per gNB as a stable node. Therefore the central frequency and bandwidth of NCR-Fwd should be set aligned with the spectrum resource licensed for the associated base station. 
A fixed central frequency and bandwidth of NCR-Fwd are referred to be set up before leaving factory in [6].  Based on network planning, we can expect the fixed central frequency and bandwidth of NCR-Fwd are set up as the whole licensed spectrum resource of the associated base station. However, by further considering the channel bandwidth or resources in frequency domain (hereinafter referred to as “FD”) scheduled by a base station is only part of the licensed spectrum resource, we think forwarding a whole spectrum resource all the time introduces interference and energy waste. By the amplify characteristic of NCR-Fwd, some non-negligible interference on the whole spectrum resource, and out of the scheduled band or scheduled resource in FD is introduced. Then dynamic adjusting the forwarding channel and bandwidth according to the channel and bandwidth scheduled by gNB is proposed. 
We take operating band n257 as an example shown in Figure 1. The resource in FD scheduled by gNB can be located at any positions within the licensed spectrum resource. If the forwarding band or forwarding resource in FD of NCR-Fwd is fixed as same as the licensed spectrum resource indicated by the red arrow, then the signals located at the frequency out-of-band (illustrated as  the light blue boxes) will be amplified and forwarded by NCR-Fwd too. For example, the signal from other gNBs or devices. Hence, unexpected signal (seen as interference) is introduced to the resources on “interference-band” for other UEs, or other base stations, also with energy wasting on the corresponding resources.
Observation 1: A fixed frequency and bandwidth for NCR-Fwd introduces unexpected interference to the network when the scheduled bandwidth of gNB is less than the forwarding bandwidth. 
To avoid this case, we suggest to dynamic adjust the forwarding band within a given frequency range, such as the licensed spectrum resource, illustrated by the green arrow. Then an information to indicate the activated forwarding band is needed, for example, central frequency, and bandwidth of the forwarding band. In order to flexibly update the central frequency and/or bandwidth of NCR-Fwd, a related carrier indication is needed. To take the diversity of capability on carrier adjusting of NCR-Fwd into consideration, the carrier indication should be associated with the related capability. 
1) If the central frequency and bandwidth of forwarding can’t be adjusted, then no indication is needed;
2) If the central frequency and bandwidth of forwarding can be switched among multiple pre-defined carriers, then carrier index can be defined and indicated;
3) If the central frequency and bandwidth of forwarding can be adjusted arbitrarily within a pre-defined frequency range, then central frequency and bandwidth should be defined and indicated.


Figure 1. A relationship between operating band and channel bandwidth for a base station
Proposal 2: Support frequency information indication to dynamic activate forwarding frequency and bandwidth of NCR-Fwd, aligning with the scheduled resource of gNB, if the NCR-Fwd has the capability to adjust the forwarding frequency and bandwidth. 
Power control for NCR-Fwd
NCR is applied to rebuild the communication between gNB and UE when the direct link between the two nodes is blocked. Based on the assistance, the signal model of UL transmission between UE and gNB can be expressed as follow: 

Wherein  and  are the channel responses in FD between gNB and NCR (Link 1-1 in Figure 2), and between NCR and UE (Link 1-2 in Figure 2) respectively,  is the gain of NCR, and  and  is the noise and interference received at NCR and gNB with noise power  and  respectively. From the equation, we can derive the SINR of the received signal is , wherein  is the power of the transmitted signal . 




Figure 2. Signal model when NCR is applied
Therefore, we known that the influence of NCR’s gain on SINR is associated with the noise power  and . For example, if  , then increasing the NCR’s gain provides no benefit on SINR, results in energy waste. In another case, if , increasing NCR’s gain and increasing the power of Tx signal transmitted by UE provide similar effects on SINR. Therefore, we can increasing NCR’s gain to take place of increasing Tx power of UE, leads to a low power consumption of UE.
Proposal 3: Support power control for NCR-Fwd at least of uplink transmission, which is associated with the noise power received in NCR and gNB respectively.
As the previous analysis, power control information is beneficial to adjust the whole channel condition of UL transmission between gNB and UE. According to the noise power level of the two links, while one of them is between NCR and UE, and the other one is between gNB and NCR, a more efficient power allocation scheme is realized between gain of NCR and Tx power of UE adjusting. In order to match with the channel variance between NCR and UE due to the UE’s mobility, the power allocation for NCR and UE should be dynamically changed. Moreover, if the gain of NCR provides ignorable effect on the final SINR, the gain or power of NCR can be maintained at a low level during a long time, which can be taken as a semi-static configuration.
Proposal 4: Dynamic and semi-static indication for power control of NCR-Fwd can be considered to improve the energy efficiency further for UL transmission.
Conclusions
In this contribution, we discuss detailed signaling design for side control information of network-controlled repeaters, and have the following observation and proposals:
Observation 1: A fixed frequency and bandwidth for NCR-Fwd introduces unexpected interference to the network when the scheduled bandwidth of gNB is less than the forwarding bandwidth. 

[bookmark: _GoBack]Proposal 1: Support reuse the MCS, FDRA, and/or TCI state fields in legacy DCI format to dynamically indicate the access beam of NCR-Fwd.
Proposal 2: Support frequency information indication to dynamic activate forwarding frequency and bandwidth of NCR-Fwd, aligning with the scheduled resource of gNB, if the NCR-Fwd has the capability to adjust the forwarding frequency and bandwidth.
Proposal 3: Support power control for NCR-Fwd at least of uplink transmission, which is associated with the noise power received in NCR and gNB respectively.
Proposal 4: Dynamic and semi-static indication for power control of NCR-Fwd can be considered to improve the energy efficiency further for UL transmission.
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