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Introduction
The architecture and side control information summarized in the SID [1] of network-controlled repeater (taken place of “smart repeater” in offline discussion) are further discussed in RAN1#109-e meeting. The modules of network-controlled repeater (denoted as “NCR”) were agreed at the beginning of the discussion. Based on the modules, some assumptions were agreed to simplify the specification efforts at first, then benefits of beam information and ON-OFF information were agreed at least for FR2 in the further discussion. The model of NCR and discussed side control information extracted from the chairman notes [2] are shown as follows:
· Model of NCR
	Agreement
Capture the following model of network-controlled repeater in TR 38.867.
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· 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. 
Agreement
Capture the following assumption of network-controlled repeater in TR 38.867.
· At least one of the NCR-MT’s carrier(s) should be within the set of carriers forwarded by the NCR-Fwd in same frequency range.
· The NCR-MT and NCR-Fwd operating in the same carrier is prioritized for the study.
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


· Beamforming information
	Agreement
At least for FR2, beam information is beneficial and recommended as the side control information for network-controlled repeater to control the behaviour of NCR at least for access link
· FFS: Detailed mechanism of indication.
· Note: There are no supporting evaluation results on FR1 at this point to reach similar conclusion
Agreement
Both fixed beam and adaptive beam can be considered at NCR for both C-link and backhaul-link.
· FFS: the mechanism for indication and determination of beam.
· Note: Fixed beam refers to the case that beam at NCR for both C-link and backhaul-link cannot be changed.
Agreement
Both the dynamic indication and semi-static indication can be considered for the beam of access link for NCR-Fwd.
· FFS: the details of each indication
· FFS: the maximum number of beams configured for NCR-Fwd access link
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
As baseline, the same TCI states as C-link are assumed for beam at NCR-Fwd for backhaul link if the NCR-MT’s carrier(s) is within the set of carriers forwarded by the NCR-Fwd.
· FFS: additional indication from gNB to determine the beam at NCR-Fwd for backhaul link or implicit determination of the beam at NCR-Fwd for backhaul link 
Note: the same assumption of the beam correspondence is applied for DL/UL of the backhaul link at NCR-Fwd as the DL/UL of the C-link at NCR-MT.
Agreement
The beam correspondence is assumed for:
· the DL/UL of the access link at NCR-Fwd


· ON-OFF information
	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
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.


· Power Control information
	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


· UL-DL TDD configuration
	Agreement
For the TDD UL/DL configuration of network controller repeater:
· At least semi-static TDD UL/DL configuration is needed for network-controlled repeater for links including C-link, backhaul link and access link.
· FFS: handling of flexible symbols
· Note1: The same TDD UL/DL configuration is always assumed for backhaul link and access link
· Note2: The same TDD UL/DL configuration is assumed for C-link and backhaul link and access link if NCR-MT and NCR-Fwd are in the same frequency band.


· Timing information
	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


In this contribution, we provide views on detailed side control information designing of network-controlled repeaters.
Discussion
Carrier information
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 [3].  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 way introduces interference and energy waste. By the amplify characteristic of NCR-Fwd, some non-negligible interference within 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 carried by the frequency out-of-band (illustrated as  the light blue boxes) will be amplified and forwarded by NCR-Fwd too. Hence, unexpected interference is introduced to the resources within “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. With respect to the capability of dynamic adjust the activated forwarding band may be an advanced ability for a NCR, it’s difficult to require all NCRs support it. So it’s reasonable to set the indicated frequency information  according to whether the NCR has the related capability. 


Figure 1. A relationship between operating band and channel bandwidth for a base station
Proposal 1: Support frequency information indication to dynamic activate forwarding frequency and bandwidth of NCR-Fwd, aligned with the scheduled resource of gNB, if the NCR-Fwd has the capability to adjust the forwarding frequency and bandwidth. 
Beamforming information
Based on the model of NCR agreed in the last meeting, there are three links for communication between gNB and UE with assistance of NCR: the control link between gNB and NCR-MT for control information interchange, the backhaul link between gNB and NCR-Fwd and the access link between NCR-Fwd and UE for signal transmitting and forwarding. Some assumptions were agreed for the relationship between beam of backhaul link and control link, while the beam indication of access link was discussed with the channel type.
Beam indication for backhaul link of NCR-Fwd
In the last RAN1 meeting, for the backhaul link, same large-scale properties of the channel with that of control link were assumed as a baseline when NCR-MT and NCR-Fwd operated in same carrier. And same TCI states for NCR-MT and NCR-Fwd were agreed based on clarification of “in-band” in a further discussion. Based on these agreements, it’s unnecessary to indicate the beam of backhaul link separately, due to the NCR-MT can determine the beam information based on the legacy procedure and signaling, which is expected to be applied to beam of backhaul link directly.
However, by taking the beams’ usage of the two links into consideration, scenarios to apply different beams for the two links exists. For example, the beam width of backhaul link may be narrower than that of control link, to make sure the coverage hole can be covered by the NCR. While wider beam width for the beam of control link guarantees the quality and stability simultaneously. Therefore, we think some additional indication is needed for beam of backhaul link indication based on the TCI state indicated for the NCR-MT.
Before the indication, a relationship between the beam of NCT-MT and backhaul beams of NCT-Fwd is predefined or pre-configured as shown in the Figure 2, while a related capability is reported by NCR before the configuration. If the relationship is one backhaul beam maps to one control beam (sub-figure (a), (b) and (c)), or one backhaul beam maps to multiple control beams (sub-figure (d)), then the backhaul beam can be determined uniquely based on the determined control beam. But if the relationship is multiple backhaul beams map to one control beam (sub-figure (e)), or multiple backhaul beams map to multiple control beams, then beam information for the backhaul beam is implicitly indicated by the beam of NCR-MT partially, and additional indication is needed to indicate the residue information.
Proposal 2: Support additional beam indication for backhaul beam of NCR-Fwd, based on the relationship between beams of control link and beams of backhaul link. 
By considering the beam width is associated with number of beams under a same beam width, an association is set between the additional indication and the beam width. For example, payload for the indication of narrow beam width, or large number of beams is more than the indication of wide beam width or small number of beams.
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Figure 2. Relationships between the two group beams
Proposal 3: Support additional indication for the backhaul beam associates with the beam width. 
Beam indication for access link of NCR-Fwd
The beam of access link of NCR-Fwd is used to transmit/receive signal to/from UE. In case of the stable NCR with a removable UE, the signal transmission between NCR-Fwd and UE is just like that between gNB and normal UE. So the beam management procedure of normal UE can be taken as a reference, which includes two stages, one is periodic beam sweeping of gNB with repletion configured as “OFF”, and the other one is same beam of gNB with repetition configured as “ON” is used for Rx beam sweeping of UE. Then for the access beam of NCR-Fwd, common reference signal resource for beam management may be an option to indicate the beam information. For example, SSB and NZP CSI-RS. 
However, there is no communication between gNB and NCR-Fwd, the RS resources for beam management of UE are only allocated for and known by UE. As a result, the RS resource index cannot be used directly for the access beam indication. To simplify the indication scheme for periodic beam training, time information of the RS resources allocated for the UE can be used together with logic beam indexes, wherein the time information includes period, slot offset, and/or symbol offset. Additionally, the time information can be indicated in terms of group as shown in Figure 3. Signals on different RS resources are transmitted by different access beams of NCR-Fwd and same gNB beam. Same period is applied to all the RS resources. The offsets within a period for different resources are decided by the capability of access beam switching. The shorter the delay introduced by beam switching, the finer the granularity of the offset. 
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Figure 3. Time information of RS resources for beam management
To reach a more efficient indication, a group capability related to the access beam of NCR-Fwd is needed to reported to gNB, such as beam width, beam gains, maximum number of beams per beam width, number of antennas, even number of panels, and a relationship between logic indexes and the direction of beams.
Proposal 4: Time information includes period, slot offset, and symbol offset can be used together with logic beam index to indicate the periodic beam switching pattern. 
Proposal 5: A group capabilities related to access beam of NCR-Fwd need to be reported to gNB, which includes beam width, maximum number of beam per beam width, number of antennas, and a mapping relationship between logic indexes and all the beams.
Because there is no RS (not to mention source RS or reference RS) is defined for access link of NCR-Fwd, making the TCI state between gNB and NCR meaningless. So we prefer to use the logic beam index directly for the dynamic indication of access beam, based on the aligned mapping relationship between logic beam indexes and access beams. With the indicated beam index, an effective time of the indication should be defined for NCR to switch the beam direction. Different with the normal UE, besides the beam switching delay of NCR-Fwd, more aspects should be considered for the effective time of the indication. For example, the PDCCH decoding time of NCR-MT, signal transmission time from NCR-MT to NCT-Fwd. 
In addition, when application associated with beam width is mentioned, we can use the beam width for logic beam index indication to further save the overhead of signaling. As well as known, the maximum number of beams under a same beam width decreases with increasing beam width. And wide beams are used for common signal transmission to maximum the accessing probability usually, while narrow beams are used for dedicated signal transmission to maximum the SE for a given UE. Therefore, a logic beam index whose pay load is decided by beam width associated with channel type is proposed.
Proposal 6: Support use logic index associating with beam width directly to indicate the access beam dynamically.
ON-OFF information
It was agreed to indicate ON-OFF information for NCR due to the benefits, while the detailed signalings are still need to be studied further. Both implicit and explicit signaling are listed as options for the ON-OFF information indication. As we all known, ON-OFF information is used to turn off the NCR when there is no necessity or when open the NCR introduces too much interference to the whole network. For example, no UE locates within the coverage hole addressed by the NCR, or all the UEs located within the coverage hole are in sleep mode. 
Besides the referred scenarios, we hope to control NCR as finer as possible to maximum the energy efficiency with the help of side control information. In order to achieve this goal, multiple dimensions should be considered to control ON-OFF state of NCR. For instance, control the ON-OFF state on the whole forwarding entity level, or on carrier level, or on link level, or on slot or symbol level. Wherein the whole forwarding entity can be indicated to switch on only when it has accessed in the network, or when it finishes the finer beam training of backhaul beam with gNB. Hence invalid forwarding with a bad channel condition is avoided. And to control the ON-OFF state per carrier or per RF chain associated with carrier (as shown in Figure 4) avoids the energy waste on the out-of-band. 


Figure 4. Switch ON-OFF per carrier
Proposal 7: Support define multiple dimensions for ON-OFF state indication in order to control NCR as finer as possible, such as ON-OFF on forwarding entity, on carrier, on link and on slot or symbol.
The different dimensions for ON-OFF state indication referred aren’t mutually exclusive. It’s more like different levels have different priorities. For example, only when the forwarding entity switches ON, the carrier can be indicated state ON. Vice versa, if the forwarding entity switches OFF, then all the other level ON-OFF indications are invalid. The similar principle is applied between carrier level and link level. That is to say, the ON-OFF state on the whole forwarding entity has highest priority, followed by ON-OFF state on the carrier level, link level, and slot or symbol level respectively. 
For the different levels of ON-OFF states, hybrid indication is expected, wherein explicit and implicit indication are applied to different levels of ON-OFF states. For example, the ON-OFF state on the whole forwarding entity can be explicitly indicated, while the link level ON-OFF state can be indicated via UL-DL TDD configuration.   
Proposal 8: Hybrid indication is expected for ON-OFF state indication on all the levels, wherein explicit and implicit indication are applied for different levels of ON-OFF state.
Power control information
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 5), and between NCR and UE (Link 1-2 in Figure 5) 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 5. 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 provide similar effects on SINR. Therefore, we can increase NCR’s gain to take place of increasing Tx power of UE, leading to a low power consumption of UE.
Proposal 9: Support power control for NCR-Fwd at least of uplink transmission, which is associated with the noise power received in NCR and gNB respectively.
Conclusions
In this contribution, we discuss side control information of network-controlled repeaters, and have the following observations 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. 

Proposal 1: Support frequency information indication to dynamic activate forwarding frequency and bandwidth of NCR-Fwd, aligned with the scheduled resource of gNB, if the NCR-Fwd has the capability to adjust the forwarding frequency and bandwidth.
Proposal 2: Support additional beam indication for backhaul beam of NCR-Fwd, based on the relationship between beams of control link and beams of backhaul link. 
Proposal 3: Support additional indication for the backhaul beam associates with the beam width. 
Proposal 4: Time information includes period, slot offset, and symbol offset can be used together with logic beam index to indicate the periodic beam switching pattern. 
Proposal 5: A group capabilities related to access beam of NCR-Fwd need to be reported to gNB, which includes beam width, maximum number of beam per beam width, number of antennas, and a mapping relationship between logic indexes and all the beams.
Proposal 6: Support use logic index associating with beam width directly to indicate the access beam dynamically.
Proposal 7: Support define multiple dimensions for ON-OFF state indication in order to control NCR as finer as possible, such as ON-OFF on forwarding entity, on carrier, on link and on slot or symbol.
Proposal 8: Hybrid indication is expected for ON-OFF state indication on all the levels, wherein explicit and implicit indication are applied for different levels.
Proposal 9: Support power control for NCR-Fwd at least of uplink transmission, which is associated with the noise power received in NCR and gNB respectively.
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