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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
New SID [1] on network-controlled repeaters (NCR) has been approved, and multiple types of side control information need to be justified as following. 
	The study on NR network-controlled repeaters is to focus on the following scenarios and assumptions:
· Network-controlled repeaters are inband RF repeaters used for extension of network coverage on FR1 and FR2 bands, while during the study FR2 deployments may be prioritized for both outdoor and O2I scenarios.
· For only single hop stationary network-controlled repeaters
· Network-controlled repeaters are transparent to UEs
· Network-controlled repeater can maintain the gNB-repeater link and repeater-UE link simultaneously
NOTE1: Cost efficiency is a key consideration point for network-controlled repeaters.
Study and identify which side control information below is necessary for network-controlled repeaters including assumption of max transmission power [RAN1]
· Beamforming information
· Timing information to align transmission / reception boundaries of network-controlled repeater
· Information on UL-DL TDD configuration
· ON-OFF information for efficient interference management and improved energy efficiency
· Power control information for efficient interference management (as the 2nd priority)
Study and identify L1/L2 signaling (including its configuration) to carry the side control information [RAN1]
Study the following aspects of network-controlled repeater management
· Identification and authorization of network-controlled repeaters [RAN2, RAN3]
NOTE2: Coordination with SA3 may be needed.


In this contribution, we provide our view on the side control information.
2. [bookmark: _Ref47611271][bookmark: _Ref47611245]Discussion
2.1. Beamforming information
Beam for BH link
In RAN1#109e e-meeting, several basic assumptions have been agreed for determining the beam for the backhaul link. In this section, we will discuss the detailed principles for determining the backhaul link beam, including the impact from the beam used on the control link, QCL parameters, and the beam configuration for DL and UL transmission.
	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
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.


Network control repeater is constructed with NCR-MT and NCR-Fwd. NCR-MT may work in Rel-15/16 or Rel-17. if Rel-15/16 NCR-MT is adopted, Rel-15/16 beam indication mechanism would be used on the control link, and the mechanism of backhaul link beam determination should be designed based on the results of Rel-15/16 beam indication on the control link. Similarly, if Rel-17 NCR-MT is adopted and Rel-17 unified beam indication is used, the backhaul link beam should be determined following the principle of Rel-17 unified beam indication. It should be noted that Rel-17 unified beam indication is an optional feature, there is no reason to require that the C-link only works via the unified beam indication in Rel-17. Thus, Rel-15/16 NCR-MT should be adopted as basic assumption when designing the mechanism of backhaul link beam determination.
Proposal 1: Rel-15/16 NCR-MT should be adopted as basic assumption while designing the mechanism of backhaul link beam determination.
It has been agreed that the same TCI states as C-link are assumed for beam at NCR-Fwd for backhaul link. TCI state indicates the quasi-colocation relationship according to QCL information qcl-Type1 for the first DL RS and qcl-Type2 for the second DL RS (if configured) carrying one of the QCL values, ‘typeA’, ‘typeB’, ‘typeC’ and ‘typeD’. ‘typeA’, ‘typeB’ and ‘typeC’ for PDCCH/PDSCH reception provide a large-scale channel reference for signal processing at the baseband. QCL TypeD, corresponding to ‘Spatial Rx parameter’, gives a beam reference for receiving PDCCH/PDSCH. NCR-Fwd receives the downlink signal from gNB on the backhaul link using the configured Rx beam, amplifies and forwards to UEs on the access link without signal processing on baseband. Therefore, only QCL TypeD is necessary for beam indication of backhaul link.
Proposal 2: Regarding beam determination for backhaul link, only QCL TypeD between backhaul link and C-link should be configured.
For DL signal reception, NCR could acquire TCI state of backhaul link according to the TCI state configurations of control link implicitly or explicitly as shown in the Figure 1. Regarding the implicit scheme, the backhaul link could adopt the configured TCI state for PDCCH or indicated TCI state PDSCH on the control link. Regarding the explicit scheme, gNB indicates TCI state for backhaul link from the candidate set of TCI states configure by the higher layer signaling. The implicit configuration scheme leads to the minimal specification impact compared with the explicit indication scheme, e.g., signaling design, activation timeline. However, the explicit indication scheme could be provided the optimal DL beam flexibly with respective to the gNB-NCR channel variance. One possible implementation is that DL beam of backhaul link is determined via the implicit configuration scheme when NCR accesses to gNB, and can be updated by the explicit indication after the optimal DL beam found. Therefore, both implicit configuration scheme and explicit indication scheme can be adopted for determining the DL beam of backhaul link. Furthermore, when C-link and backhaul link receive DL signal simultaneously, an implicit scheme should be designed to avoid the DL beam ambiguity, such as regarding the DL beam of C-link as higher priority beam.
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[bookmark: _Ref111104987]Figure 1 The implicit and explicit scheme of TCI state determination for backhaul link
For UL signal transmission, the UL Tx beam of backhaul link can be explicitly indicated following the beam indication procedure of Rel-15/16, or implicitly reuse the Tx spatial domain parameters determined for UL channels of C-link. Similar as the DL backhaul beam determination, the semi-static indication scheme and the implicit UL beam determination should be studied jointly to avoid the UL beam ambiguity at the overlapping duration of C-link and backhaul link, and achieve the optimal UL beamforming gain for the backhaul link transmission.
Proposal 3: Adopt both explicit and implicit scheme to determine the beam of backhaul link, i.e., 
· The DL beam of backhaul link adopts the configured TCI state for PDCCH or indicated TCI state for PDSCH on the control link.
· The UL beam of backhaul link adopts the UL beams of C-link.
· For the case when there is no C-link transmission/reception by NCR-MT, the explicitly indicated backhaul beam is used by NCR.
Beam for AL link
It has been agreed that beam information is recommended as the side control information to control NCR’s beam of access link (AL). In this section, the details of the AL beam control mechanism will be discussed.
	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 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
From the perspective of signaling design, following mechanisms can be considered for the access link beamforming of the NCR-Fwd. 
· Option #2-1: Dynamic beam indication only
· Option #2-2: Semi-static beam indication only
· Option #2-3: Dynamic beam indication and semi-static beam indication
Agreement
In the access link beam indication, an access link beam can be indicated by:
· Option 1: A beam index
· FFS: How to indicate the corresponding time domain resource of the beam. 
· Option 2: An index of a source RS (e.g. a TCI-like indicator)
· FFS: The definition of the source RS. 
· FFS: How to indicate the corresponding time domain resource of the beam.
· FFS: The definition of the association between the source RS and the beam.
· Note: The above does not imply that the NCR can or cannot generate and transmit reference signals to a UE or receive and process reference signals from a UE.
RAN1 to select one of the two options, combine the two options, or select both options in RAN1#110
Agreement
As for the time-domain granularity of the access link beam indication, one or both of the following options can be considered:
· Option 1: slot-level
· Option 2: symbol-level
· FFS: The details of indication signaling


As agreed in RAN1#109e e-meeting, both semi-static and dynamic beam control can be studied considering different NCR’s deployment scenario. If the NCR is used to serve UEs in a coverage hole, the beam direction of the NCR’s AL can be semi-statically set towards the coverage hole as illustrated in Figure 2-a); while if the NCR is used for coverage extension, it is preferred to dynamically control the NCR’s AL beam direction towards different serving UE(s) as illustrated in Figure 2-b).
Proposal 4: For the access link, support both semi-static and dynamic AL beam indication.
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Figure 2 NCR's deployment scenarios
For both of the above deployment scenarios, AL beam control based on beam pattern indication is preferred, where beam pattern is formulated by a list of time domain resource and the corresponding beam on each resource. For the scenario in Figure 2-a), periodic beam pattern indication via semi-static signaling is preferred, since the AL beam does not always change; while for the scenario in Figure 2-b), at least aperiodic beam pattern indication via dynamic signaling should be supported, the aperiodic beam pattern can be determined by gNB based on scheduling plan/strategy for the near future. 
Proposal 5: Support AL beam control via beam pattern indication, beam pattern is formulated by a list of time domain resource and the corresponding beam on each resource.
· FFS periodic beam pattern indication via semi-static signaling and aperiodic beam pattern indication via dynamic signaling.
Moreover, for cell-specific signals forwarding, e.g., SSB/PRACH, a stable AL beam set should be used regardless of the deployment scenario. Otherwise, the serving UE’s cell selection procedure or radio link monitoring procedure will be negatively impacted, because the measured signaling strength will vary along with the beam changing.
Proposal 6: To control the AL beam for cell-specific signals forwarding, the resource for cell-specific signaling transmission and the associated semi-static beam information is indicated to NCR.
Furthermore, if the AL beam can be adjusted according to the UE’s geo-location, AL beam training based on serving UE location should be supported. Since the NCR deployment is transparent to UEs, the NCR’s AL beam training should be performed based on legacy gNB-UE beam training framework, e.g., the resource configuration of CSI-RS/SRS transmission is informed to NCR, then NCR adjusts the AL beam to relay CSI-RS/SRS based on the beam indication (e.g., beam sweeping/beam repetition) on the associated CSI-RS/SRS resource. 
Proposal 7: For AL beam training purpose, the CSI-RS/SRS resource and the associated dynamic beam information is indicated to NCR.
Regarding whether to support slot-level and/or symbol level beam indication. Our preference is symbol level beam indication, at least for CSI-RS/SRS/cell-specific signaling forwarding, symbol level indication should be supported. Also, for the AL beam pattern indication, symbol group can be indication granularity, e.g., for DL part of a slot, one beam is indicated; for UL part of a slot, another beam is indicated. 
Regarding whether beam index or RS index is used for beam indication. Our preference is down-select one of them. In principle, for AL beam indication, the time resource and an associated ID is indicated to NCR, the ID is used for NCR beam indication, the ID can be termed as either beam index or RS index.
Proposal 8: At least support symbol level AL beam indication. 
· FFS single symbol level or symbol group level indication.
Proposal 9: Down-select one of beam index and RS index for AL beam indication by side control information.
Regarding how the NCR generates the AL beam, it is believed that strict control from gNB is redundant, NCR implementation should have sufficient flexibility to formulate the AL beam. However, gNB and NCR can exchange some basic information for light control, e.g., the number of NCR beam, the QCL relationship between NCR beams and so on, then NCR will generate AL beam according to such information. 
Proposal 10: gNB and NCR exchange assistant information for the AL beam generation, including the number of AL beam, the QCL relationship between NCR beams.
Evaluation
The beam control mechanisms for the access link are simulated, both semi-static beam control and dynamic beam control methods are assumed. For the semi-static NCR AL beam control, the AL beam is set towards the cell edge. For the dynamic beam control, the NCR AL beam is configured with respect of the serving UE’s location. The simulation parameters are listed in Table 1 in the Annex. The simulation results are shown in Figure 3 and Figure 4. From the simulation result, it can be observed that the uplink SINR can be improved when NCR is deployed in the network, especially with dynamic NCR AL beam control, the SINR is improved by about 6.3 dB for the 10% UE with the worst SINR. Also, for the DL SINR, significant SNIR improvement is observed by introducing NCR AL beam control, e.g., the SINR is improved by about 8 dB for the 10% UE with the worst SINR.
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[bookmark: _Ref111220447]Figure 3 UL SINR geometry for different repeater beam control schemes
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[bookmark: _Ref111220474]Figure 4 DL SINR geometry for different repeater beam control schemes
Observation 1: When the NCR AL beam is fixed towards the cell edge, the SINR performance of the UEs is improved compared with the case when there is no repeater. Especially for the cell edge UE, UL SINR gain is 2.3 dB for the 10% UE with the worst SINR, DL SINR gain is 3 dB for the 10% UE with the worst SINR.
Observation 2: When the NCR beam is set adaptively towards the serving UE, the SINR performance of the UEs is further improved compared with the case of the fixed RU beam. Especially for the cell edge UE, UL SINR gain is about 6.3 dB for the 10% UE with the worst SINR, DL SINR gain is 8 dB for the 10% UE with the worst SINR.
Beam restriction
As required in SID [1], the network-controlled repeater can maintain BH link and AL link simultaneously, since the two links operate in the same band, the signal from one of the link may impact the other link. For example, for DL/UL signaling forwarding, the output signal of the NCR may return to the NCR’s input antenna, this will incur the auto-excitation of the repeater.
Since the auto-excitation phenomenon will introduce interference to the network and may destroy the hardware of the repeater, it should be avoided. For legacy repeater deployment, the auto-excitation is avoided by manually isolating the input and output of the repeater. However, for signal transmission in FR2, a new reflecting object in the environment may largely change the signal transmission path, consequently the manually isolation between input and output of the repeater cannot always prevent the signaling leakage from output side to input side.
To flexibly control the auto-excitation, the use of output beam and/or input beam of the NCR should be restricted. As illustrated in Figure 3, if some beams incur auto-excitation, the beams can be set as restricted beams and NCR will not use such beams to forward signal. 
[image: ]
Figure 5 Restricted beam
Proposal 11: Study the necessity to introduce beam restriction to avoid auto-excitation of the NCR. 
2.2. 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.



According to the previous agreements, how to indicate the ON-OFF information needs to be further studied. In our opinion, resource type indication (e.g., H, S and NA) in IAB can be the baseline to decrease the complexity of the signaling design for ON-OFF information indication. H resource can be understood as ON state, and NA resource can be understood as OFF state. For the S resource, it can be set to ON or OFF state via dynamic signaling, i.e., when the S resource is configured by the high layer signaling, the DCI can be used to further indicate the ON-OFF state on S resource to NCR, in order to match the potential data traffic boosting of the UE(s) served by the NCR. 
Proposal 12: Resource type indication (e.g., H, S and NA) in IAB is the baseline for ON-OFF indication. e.g., H is understood as ON state, NA is understood as OFF state and S can be set to ON or OFF state further. 
Proposal 13: Dynamic signaling can be used to indicate the ON-OFF state on S resource.
Moreover, on the resource for cell-specific signaling transmission (e.g., SSB, type0-PDCCH CSS, PRACH, etc.), the NCR should always be set to ON state. Because such signaling transmission is used for the network to discovery new UE(s) that will be served by the NCR. 
Proposal 14: On the resource for cell-specific signaling transmission, the NCR should always be set to ON state. 
Evaluation
To study the gain of the ON-OFF mechanism, we give some uplink simulation results and downlink simulation results according to the following scenarios. The gain of the repeater is assumed as 100dB in the uplink simulation and the power of the repeater is assumed as 33 dBm in the downlink simulation, the other detailed assumptions can be found in the Annex.
· Case 1. The legacy network without repeater as the baseline.
· Case 2. Repeater with ON-OFF indication: For a given UE, the interference amplified by the non-serving repeaters is not taken into consideration in the calculation. It means that interference from non-serving repeaters is OFF. In this scenario, the performance is the upper bound of the ON-OFF mechanism.
· Case 3. Repeater without ON-OFF indication: It assumes that all the repeater in the network is always ON. For a UE, the interference and noise from all the repeaters are taken into account.
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Figure 6 UL SINR geometry for different ON-OFF indication
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Figure 7 DL SINR geometry for different ON-OFF indication
As shown in Figure 6, with the repeater ON-OFF mechanism for uplink, the SINR performance of UE in Case 2 (i.e., Repeater with ON-OFF indication) is better than that in Case 3 (i.e., Repeater without ON-OFF indication). It shows that, for most UEs, nearly 8-10dB gain can be obtained by introducing ON-OFF function for the repeater. 
As shown in Figure 7, with the repeater ON-OFF mechanisms for downlink, however, the SINR performance of UE in Case 2 and in Case3 are very close. This is due to the fact that in the case of FR2, there is a larger propagation loss.
Proposal 15: ON-OFF configuration based on the semi-static pattern for network-controlled repeater should be supported at least.
2.3. Information on 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.


According to the previous meeting, how to handle the flexible symbol needs further discussion. In our views, the configured flexible symbol(s) can be further set to UL or DL via DCI format 2_0, in such case, NCR adapts according to the DCI indication. Nevertheless, if the flexible symbol is not changed by DCI, the NCR turns off to prevent interference amplified by the NCR. 
Proposal 16: Regarding the TDD UL/DL configuration of NCR, the configured flexible symbol can be set to UL or DL via DCI format 2_0. 
Proposal 17: On the flexible symbol which is not dynamically indicated to UL/DL via DCI format 2_0, the NCR-Fwd turns off. 
2.4. 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


To determine the DL transmitting timing or UL receiving timing of NCR-Fwd, NCR may need to consider the internal delay between the receiving timing and transmitting timing. The transmitting timing should be shifted compared with the receiving time, in order to guarantee that the amplified signal is not truncated by the NCR. 
Moreover, if the internal delay of the NCR is large, the value of the internal delay needs to be known by the gNB, in order that gNB can avoid the overlapping between DL symbol and UL symbol when performing DL and UL switching. 
Proposal 18: Determination of NCR-Fwd’s DL transmit and UL receive timing is up to NCR implementation based on the internal delay, i.e.,
· DL transmit timing is later than DL receive timing by the value equal to the internal delay.
· UL receive timing is earlier than UL transmit timing by the value equal to the internal delay.
2.5. 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.
· Note-1: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



The motivation to deploy NCR is to improve the signaling strength, however NCR also amplifies the interference and noise together with the received signal, which may reduce the signal quality. For example, for UL signal forwarding, the NCR’s noise is accumulated at the gNB side, the noise level for the gNB is increased, i.e., 
Noise_gNB = 10lg(KTB) + NF_NCR +G_NCR – PL_gNB-NCR 
where KTB is noise floor, NF_NCR is the noise figure at the receiver side of the repeater, G_NCR is the UL amplifying gain of the repeater, and PL_gNB-NCR is the pathloss between gNB and NCR. Based on the equation, if the gain of the repeater is much larger than the pathloss between gNB and NCR, the noise level for gNB reception will increase due to deployment of repeater, which would negatively impact the UL signal quality for the UE(s) not served by the repeater and the UL coverage will shrink as shown in Figure 4.
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[bookmark: _Ref102060877]Figure 8 UL coverage reduction due to deployment of repeater
The UL coverage reduction phenomenon is validated by the simulation as shown in Figure 5. In the simulation, the amplifying gain of the repeater is adjusted from 80 dB to 140dB with a step of 20 dB. When the amplifying gain at the repeater increases from 80 to 100 dB, SINR geometry performance improves with about 6.9dB for 10%tile UEs. When the amplifying gain of the repeater are set as 120 dB or 140dB, SINR geometry performance is degraded which is comparable with 80dB amplifying gain. According to the UL SINR geometry results, the amplifying gain of the network-controlled repeater should be configured by gNB based on the coverage area and the interference requirement.
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[bookmark: _Ref101949443]Figure 9 SINR geometry for repeaters with different amplifying gains
Observation 3: NCR amplifies the interference and noise in the system, which may reduce the signaling quality especially for the UE(s) which is not served by the repeater.
Observation 4: The UL coverage will shrink significantly, if NCR’s gain is set to a value much larger than gNB-NCR pathloss.
Moreover, controlling the amplifying gain of the repeater can also be used to maintain the repeater’s coverage. For example, if the linkage between gNB and NCR is blocked, gNB can increase the gain of the repeater to maintain the coverage of the repeater. Such operation is beneficial especially when repeater is used to serve UEs in the coverage hole of the cell. 
Observation 5: NCR’s gain control can be used to maintain repeater’s coverage.
Proposal 19: Power control for the NCR should be supported.
Regarding the power control mechanism, power control based on the gNB-NCR pathloss can be considered, e.g., gNB can determines the pathloss between gNB and NCR based on the RSRP feedback from NCR MT, and then gNB can indicate the gain adjustment to NCR. It is noted that the backhaul link and C-link can be assumed to satisfy the average gain assumption, because C-link and backhaul link satisfy QCL typeD assumption and use the same spatial domain filter to receive SSB/CSI-RS. With the help of the average gain assumption, the measurement results, such as RSRP, on the control link can be adopted as the channel condition of the backhaul link.
Observation 6: Backhaul link and C-link can be assumed to satisfy the average gain assumption.
Proposal 20: Regarding the power control mechanism, power control based on the MT’s RSRP feedback on the C-link can be considered, assuming that C-link and backhaul link satisfy the average gain assumption.
3. Conclusion
This contribution focus on the side control information, and the following are proposed,
Observation 1: When the NCR AL beam is fixed towards the cell edge, the SINR performance of the UEs is improved compared with the case when there is no repeater. Especially for the cell edge UE, UL SINR gain is 2.3 dB for the 10% UE with the worst SINR, DL SINR gain is 3 dB for the 10% UE with the worst SINR.
Observation 2: When the NCR beam is set adaptively towards the serving UE, the SINR performance of the UEs is further improved compared with the case of the fixed RU beam. Especially for the cell edge UE, UL SINR gain is about 6.3 dB for the 10% UE with the worst SINR, DL SINR gain is 8 dB for the 10% UE with the worst SINR.
Observation 3: NCR amplifies the interference and noise in the system, which may reduce the signaling quality especially for the UE(s) which is not served by the repeater.
Observation 4: The UL coverage will shrink significantly, if NCR’s gain is set to a value much larger than gNB-NCR pathloss.
Observation 5: NCR’s gain control can be used to maintain repeater’s coverage.
Observation 6: Backhaul link and C-link can be assumed to satisfy the average gain assumption.
Proposal 1: Rel-15/16 NCR-MT should be adopted as basic assumption while designing the mechanism of backhaul link beam determination.
Proposal 2: Regarding beam determination for backhaul link, only QCL TypeD between backhaul link and C-link should be configured.
Proposal 3: Adopt both explicit and implicit scheme to determine the beam of backhaul link, i.e., 
· The DL beam of backhaul link adopts the configured TCI state for PDCCH or indicated TCI state for PDSCH on the control link.
· The UL beam of backhaul link adopts the UL beams of C-link.
· For the case when there is no C-link transmission/reception by NCR-MT, the explicitly indicated backhaul beam is used by NCR.
Proposal 4: For the access link, support both semi-static and dynamic AL beam indication.
Proposal 5: Support AL beam control via beam pattern indication, beam pattern is formulated by a list of time domain resource and the corresponding beam on each resource.
· FFS periodic beam pattern indication via semi-static signaling and aperiodic beam pattern indication via dynamic signaling.
Proposal 6: To control the AL beam for cell-specific signaling forwarding, the resource for cell-specific signaling transmission and the associated semi-static beam information is indicated to NCR.
Proposal 7: For AL beam training purpose, the CSI-RS/SRS resource and the associated dynamic beam information is indicated to NCR.
Proposal 8: At least support symbol level AL beam indication. 
· FFS single symbol level or symbol group level indication.
Proposal 9: Down-select one of beam index and RS index for AL beam indication by side control information.
Proposal 10: gNB and NCR exchange assistant information for the AL beam generation, including the number of AL beam, the QCL relationship between NCR beams.
Proposal 11: Study the necessity to introduce beam restriction to avoid auto-excitation of the NCR. 
Proposal 12: Resource type indication (e.g., H, S and NA) in IAB is the baseline for ON-OFF indication. e.g., H is understood as ON state, NA is understood as OFF state and S can be set to ON or OFF state further. 
Proposal 13: Dynamic signaling can be used to indicate the ON-OFF state on S resource.
Proposal 14: On the resource for cell-specific signaling transmission, the NCR should always be set to ON state. 
Proposal 15: ON-OFF configuration based on the semi-static pattern for network-controlled repeater should be supported at least.
Proposal 16: Regarding the TDD UL/DL configuration of NCR, the configured flexible symbol can be set to UL or DL via DCI format 2_0. 
Proposal 17: On the flexible symbol which is not dynamically indicated to UL/DL via DCI format 2_0, the NCR-Fwd turns off. 
Proposal 18: Determination of NCR-Fwd’s DL transmit and UL receive timing is up to NCR implementation based on the internal delay, i.e.,
· DL transmit timing is later than DL receive timing by the value equal to the internal delay.
· UL receive timing is earlier than UL transmit timing by the value equal to the internal delay.
Proposal 19: Power control for the NCR should be supported.
Proposal 20: Regarding the power control mechanism, power control based on the MT’s RSRP feedback on the C-link can be considered, assuming that C-link and backhaul link satisfy the average gain assumption.
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5. Annex
[bookmark: _Ref101949361]Table 1  System-level simulation assumptions
	Parameter
	Value

	Scenario
	Urban Macro

	Inter-BS distance
	500 m

	Carrier frequency
	30G

	Simulation bandwidth
	80MHz

	Antenna configuration
	gNB’s antenna configuration :
(M, N, P, Mg, Ng ; Mp, Np) = (4, 8, 2, 1, 1; 1, 1) , (dH,dV) = (0.5, 0.5)λ, +45°, -45° polarization
UE’s antenna configuration
(M, N, P, Mg, Ng ; Mp, Np) = (2, 4, 2, 1, 2 ; 1, 1) (dH,dV) = (0.5, 0.5)λ, 0°, 90° polarization

	Channel model
	Cell-to-repeaters : UMa see TR 38901
Cell-to-UEs : UMa see TR 38901
Repeaters-to-UEs : UMi see TR 38901

	Transmission  power
	Macro : 43 dBm
UEs : 23 dBm
Repeater : 33 dBm

	BS antenna height
	25 m

	Repeater antenna height
	10 m

	UEs distribution
	Outdoor

	Repeaters distribution
	Three repeaters per cell

	Distance between cell and repeater
	Sqrt(3)/4*500 m

	Beam set at TRxP
	For direction of analog beam steering (in LCS):
Azimuth angle φi = [-52.5000 -37.5000 -22.5000 -7.5000 7.5000 22.5000 37.5000 52.5000] degree
Zenith angle θj = [94 105 116 128] degree

	Beam set at UE
	For direction of analog beam steering (in LCS):
Azimuth angle φi = [-67.5000 -22.5000 22.5000 67.5000] degree
Zenith angle θj = [45.0 135.0] degree

	Repeater Antenna configuration
	Antenna configuration for both RU and MT:
(M, N, P, Mg, Ng ; Mp, Np) = (4, 8, 2, 1, 1; 1, 1), (dH,dV) = (0.5, 0.5)λ, +45°, -45° polarization

	Beam set at Repeater MT
	For direction of analog beam steering (in LCS):
Azimuth angle φi = [0] degree
Zenith angle θj = [86] degree

	Beam set at Repeater RU
	For direction of analog beam steering (in LCS):
Azimuth angle φi = [-78.7500 -56.2500 -33.7500 -11.2500 11.2500 33.7500 56.2500 78.7500] degree
Zenith angle θj = [90.000 112.5000 135.000 157.5000] degree

	For semi-static beam control

	Antenna configuration
	Repeater MT antenna configuration :
(M, N, P, Mg, Ng ; Mp, Np) = (4, 8, 2, 1, 1; 1, 1)  , (dH,dV) = (0.5, 0.5)λ, +45°, -45° polarization
Repeater RU antenna configuration :
(M, N, P, Mg, Ng ; Mp, Np) = (2, 2, 2, 1, 1; 1, 1)  , (dH,dV) = (0.5, 0.5)λ, +45°, -45° polarization

	Beam set at Repeater MT
	For direction of analog beam steering (in LCS):
Azimuth angle φi = [0] degree
Zenith angle θj = [86] degree

	Beam set at Repeater RU
	For direction of analog beam steering (in LCS):
Azimuth angle φi = [0] degree
Zenith angle θj = [115] degree





4/6
image3.png
CDF

UL SINR geometry

091

0.7

06

04

031

01

Repeater with dynamic beam

== == Repeater with semi-static beam
=== == \\ithout repeater

SINR(dB)

30




image4.png
CDF

DL SINR geometry

1 T T
Repeater with dynamic beam o7,
0.9 {{™ ™= Repeater with semi-static beam -
== == Without repeater
08 B
0.7 1
06 B
05 4
04 4
031 B
02 4
011 B
-
0 oo, L L L L L
-10 0 10 20 30 40 50

SINR(dB)

60




image5.png
gNB

Restricted beam

—
_-,-_é_.
\




image6.png
CDF

UL SINR geometry

0.9 H== == Case 2. Repeater with ON-OFF indication
== == Case 3. Repeater w/o ON-OFF indication

Case 1. Legacy network w/o repeater

0.8

0.7

06

051

0.4r

03

021

0.1F

-30 -20 -10 0 10 20 30 40
SINR(dB)

50




image7.png
CDF

DL SINR geometry

Case 1. Legacy network w/o repeater |~
09 | == Case2. Repeater with ON-OFF indication
=== == Case 3. Repeater w/o ON-OFF indication

0.7 1

06

04 r

03

-10 0 10 20 30 40 50
SINR(dB)

60




image8.png




image9.png
CDF

0.9

UL SINR geometry

=== Repeater-amplify = 80dB
Repeater-amplify = 100dB

== == Repeater-amplify = 120dB
=== == Repeater-amplify = 140dB
e \Nithout-repeater

SINR(dB)

30




image1.png
gNB Control link Backhaul link gNB Control link Backhaul link

() (ﬂ) é () ((9)

Configure the crndidate set of TCI
states for both C-link and backhaul link

Configure TCl state
for PDCCH of C-link

Configure TCl state
for PDCCH of C-link

Configure TCl state
for PDSCH of C-link

Configure TCl state
Determine TCl state for PDSCH of C-link

for backhaul link -
from active TCI Configure TCI sltzte
states of C-link for backhaul link





image2.png
NCR|

a)NC

R to cover the coverage hole

gNB

K% NCR
Y

b) NCR for coverage extension

UE





