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1 Introduction
In RAN#94-e, Rel-18 new study item on “Study on NR Network-controlled Repeaters” is endorsed. The objective of the study item is as follows.
	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 firstly provide our general understanding on network-controlled repeater and then our views on the control information for network-controlled repeaters.

2 [bookmark: _Hlk101377211]Side control information
In the previous RAN1 meeting, the model of network-controlled repeater was agreed [1], as shown in Figure 1. In particular, NCR consists of two functional entities: one is NCR mobile terminal (NCR-MT) and the other is NCR forward (NCR-Fwd). NCR-MT can communicate with a gNB via Control link (C-link) to enable the information exchanges (e.g., side control information); NCR-Fwd can perform the amplify-and-forward of UL/DL RF signal between gNB and UE via backhaul link and access link. Moreover, the NCR-Fwd is controlled by the side control information.
[image: ]
Figure 1. The model of network-controlled repeater
According to the SID [1], five side control information candidates to enable NR network-controlled repeaters were provided, including beamforming information, timing information, UL-DL TDD configuration information, on-off information, and power control information. In the following, the necessity and the design of these side control information will be discussed.
2.1 Beamforming information
In the case of FR2, signals experience more severe propagation loss in comparison with FR1 due to the higher carrier frequency. To compensate the loss, directional transmission using analog beamforming is necessary. One issue of directional transmission is that the effective coverage area will be significantly reduced if high analog beamforming gain is desired. In order to achieve high beamforming gain without sacrificing coverage area, beam sweeping/switching is essential and was introduced in NR system.
Similarly, for the deployment of repeater in FR2, the capability of beam sweeping/switching is one of the most essential features. To enable this feature, side control information for beamforming is necessary. With the capability to receive and process beamforming information, NCR is able to provide high beamforming gain towards different UEs within coverage hole or at cell edge without creating unexpected interference or noise to the UEs in neighbouring cells. In the simulation described in Annex, performance gain of NCR in low-SINR and mid-SINR region are observed.
According to the discussion and the simulation results described in Annex, we have the following proposal.
Proposal 1: Support to specify beamforming information for network-controlled repeaters.
In previous RAN1 meeting, the following agreement in terms of beamforming information is achieved.
	Agreement
[bookmark: _Hlk111064580]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.
Agreement
The beam correspondence is assumed for:
· the DL/UL of the access link at NCR-Fwd
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
The time at which the NCR applies an access link beam indication should be considered.
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


In the following, the beamforming information for backhaul link and access link are discussed.
2.1.1 Backhaul link
In the previous RAN1 meeting, it was agreed that both fixed beam and adaptive beam can be considered at NCR for both C-link and backhaul-link. In our view, both fixed beam and adaptive beam have its own benefit. For example, fixed beam is simpler for implementation and is suitable for the scenario that the link between gNB and NCR is stable. Meanwhile, adaptive beam is useful in dense urban scenario where unexpected blockage may happen between gNB and NCR. Besides, the feature of adaptive beam makes it possible to change the topology between gNBs and NCRs via air interface. Considering the benefits of adaptive beam and fixed beam, one option is to make this feature up to NCR capability. 
Proposal 2: The support of fixed beam and/or adaptive beam at NCR for both C-link and backhaul-link is subject to NCR’s capability.
In the case of adaptive beam, the design of backhaul link beamforming information should consider both NCR-MT and NCR-Fwd. Similar to IAB-MT, NCR-MT only communicates with gNB. It is natural that NCR-MT can be regarded as a ‘UE’. This means that legacy beam indication design for UE can be reused as much as possible. Similar to UE, NCR-MT should be capable to maintain a set of beams for different purpose (for example, for PDSCH reception, PDCCH reception, PUSCH transmission, etc.). The set of beams can be reused for the indication of backhaul link either in explicit manner or in implicit manner.
Explicit beam indication for backhaul link
For explicit beam indication for backhaul link, addition information from gNB is needed for NCR to identify the beams for NCR-Fwd according to the set of beams maintained by NCR-MT. One example of the addition information is TCI ID or RS ID. The TCI ID or RS ID can be used for the referencing of the beams maintained by NCR-MT. Moreover, similar to the activation of multiple PDSCH TCI states, a set of TCI IDs and/or RS IDs can be provided by gNB which are dedicated for backhaul link beam indication.
As agreed in the previous meeting, the same assumption of 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. This means that if the DL/UL beam correspondence does not hold for NCR-MT, the DL/UL beam correspondence does not hold for NCR-Fwd as well. In this case, separate beam indication for DL reception and UL transmission for backhaul link is needed. For example, a TCI ID for DL reception and an SRI for UL transmission.
Implicit beam determination for backhaul link
For implicit beam indication for backhaul link, no additional information from gNB is needed for NCR to identify the beams. Instead, a predefined rule is necessary for the beam determination. For example, the QCL assumption of the lowest ID CORESET of NCR-MT can be assumed as the QCL assumption for backhaul link. 
Similar to explicit beam determination, the assumption of DL/UL beam correspondence for NCR-Fwd need to be considered as well. In the case that DL/UL beam correspondence for NCR-Fwd does not hold, separate beam determination rule for DL reception and UL transmission for backhaul link is needed. For example, for DL reception of NCR-Fwd, the QCL assumption of the lowest ID CORESET of NCR-MT can be assumed as the QCL assumption for NCR-Fwd. For UL transmission of NCR-Fwd, the spatial relation for PUSCH transmission scheduled by DCI format 0_0 can be assumed as the spatial relation used for the NCR-Fwd.
Proposal 3: Support both explicit beam indication and implicit beam determination for backhaul link.
· For explicit beam indication, TCI ID or RS ID can be considered for beam indication
· For implicit beam indication, rules for following the QCL assumption / the spatial relation of C-link need to be considered.
Proposal 4: For backhaul link beam indication, consider the case that the beam correspondence of NCR-Fwd does not hold (e.g., consider separate UL / DL beam indication).
Another discussion points for both explicit and implicit beam indication is which beam indication framework should be used. In general, two main beam indication frameworks are designed in NR for UE (hence can be applicable to NCR-MT). One is Rel-15/16 framework and the other one is Rel-17 framework. The key difference between Rel-17 framework and Rel-15/16 framework is the introduction of unified TCI states. On one hand, Rel-15/16 framework is mandated capability for UE, which can be considered as the baseline; on the other hand, Rel-17 framework is very suitable/clean solution for the beam indication for backhaul link and C-link (where most of the channels/signals share the same beam). In that sense, for backhaul link beam indication/determination, we suggest to consider both Rel-15/16 beam indication framework and Rel-17 beam indication framework.
Proposal 5: For backhaul link beam indication/determination, consider both Rel-15/16 beam indication framework and Rel-17 beam indication framework (i.e., unified TCI framework).

2.1.2 Access link beam indication
The definition of the access link beam is different from backhaul link beam. As mentioned in the SID assumptions [1], the presence of an NCR-Fwd should be transparent to UEs. Thus, the NCR may not generate its own signals/channels towards UEs. In other words, the NCR may be able to provide several beams for access link, but it may not generate its own reference signals for the corresponding beams. These assumptions impose restriction on how to define/identify the access link beam for the NCR-Fwd. In the previous RAN1 meeting, two options are provided to address the issue and some further discussion on these two options are provided as follows.
Option#1 (A beam index)
The first option is to use a beam index for the representation of a spatial filter that NCR-Fwd uses for access link. For example, as illustrated in Figure 2, the NCR-Fwd is able to generate four spatial filters for access link. The NCR associates the four spatial filters with four different IDs so that each spatial filter can be independently identified.
For this option, the NCR can perform one-to-one mapping between a spatial filter for access link and a beam index. Selection and labeling of the spatial filters are up to the NCR implementation. For example, it is up to the NCR implementation to call a first beam (e.g., the leftmost beam) as beam #1 and call a second beam (e.g., the rightmost beam) as beam #4, or vice versa. For the subsequent beam indication, the same spatial domain filter can be assumed for the same beam index.


Figure 2. The definition of the UE-side source beams for an NCR-Fwd
Option#2 An index of a source RS (e.g., a TCI-like indicator) 
The second option is to define the spatial filter for access link as the RS generated by the gNB but amplify-and-forward by the NCR-Fwd. For example, as illustrated in Figure 2, the NCR is able to generate four spatial filters for access link. For this case, the gNB generates four RSs (RS#4, RS#5, RS#6, RS#7) for the NCR-Fwd to perform beam sweeping for access link. Note that the four RSs can correspond to the same DL spatial filter on the backhaul link and can occupy different time domain resources. It is up to NCR implementation to associate the four spatial filters with these four RSs. After the association, the four spatial filters can be independently identified by the RS IDs (i.e., each spatial filter corresponds to one RS ID).
For this option, the information associated with RS IDs (e.g., the configuration related to the corresponding beam sweeping RSs) is needed by the NCR. With this information, the NCR can perform one-to-one mapping between a spatial filter for access link and a RS ID.
Discussion of option#1 and option#2
In RAN1#110, a decision will be taken for the two options. In our view, both option#1 and option#2 can be supported since each of them has its own benefit for different use cases. 
Option#2 is efficient if SSBs are used for access link beam sweeping. With the SSB indexes indicated by gNB, NCR-Fwd can perform forwarding at the time domain resource for the SSBs and the corresponding PRACH occasions according to system information. This is beneficial for UE access with minimum signaling overhead. For the subsequent beam indication, those SSB indexes can be used as a source RS for the corresponding time domain resource.
Option#1 can be considered if narrow beam is assumed for access link beam sweeping. In general, narrow beam is accompanied by CSI-RS for the purpose of P2/P3 in NR design. However, since CSI-RS configuration is UE-specific, if option 2 is adopted for CSI-RS, large configuration overhead is expected. In this sense, gNB can configure a number of beam indexes for the narrow beam indication for backhaul link. For example, beam#0 to beam#7 instead of 8 CSI-RS configurations.
If NCR is intended for hierarchy beamforming (wide beam + narrow beam) as designed for gNB, the combination of option 1 and option 2 can be considered. For example, 4 SSB indexes (e.g., SSB#0 to SSB#3) are provided by gNB. Meanwhile, the number of beams (e.g., narrow beams) are also provided by gNB. Hence, 12 beams are provided by gNB in total. The SSB indexes provided by gNB can be further mapped to beam indexes (e.g., beam#0 to beam#3), meanwhile the narrow beam can be mapped to subsequent beam index (e.g., beam#4 to beam#11). In this way, both wide beam and narrow beam can be indicated by 12 beam indexes.
Proposal 6: For the access beam indication for the NCR-Fwd, support both option 1 and option 2.
· For option 2, gNB provides the information of source RSs (e.g., SSB indexes) to NCR.
2.1.3 Time domain resource for access link beam 
In terms of the time domain resource for access link beam, one discussion point is the granularity of the time domain resource. Both slot-level and symbol-level granularities were discussed in the previous RAN1 meeting. In this meeting, RAN1 is supposed to down-select or support both. In our view, both slot-level and symbol level are supported. If slot-level granularity is supported, signal overhead can be reduced for long and consecutive scheduling occasions with the same beam; meanwhile, for symbol level granularity, it is beneficial for gNB scheduling flexibility. For example, within a slot, for the first three symbols, PDCCHs are expected to transmit to UEs using one access link beam (e.g., wide beam for coverage); and, for the remaining symbols in the slot, PDSCHs are expected to be scheduled to UEs using other access link beams (e.g., narrow beam for throughput).  
Proposal 7: Support both slot-level granularity and symbol-level granularity for time domain resource indication for access link beam.
In the last RAN1 meeting, both semi-static indication and dynamic indication were agreed to be considered for time domain resource indication for access link beam. In the following, both indications are discussed in detail.
Semi-static indication
One of the typical use cases of semi-static indication is as follows. NCR can generate multiple beams and each beam corresponds to a specific sub coverage area. In order to serve the UEs in different sub coverage area, one option is to assign those UEs in different time domain resources with different beams. In addition, the time domain resources are preferred to be periodic so that UEs in different sub coverage area can have a chance to communicate with gNB in each time domain window. Hence, in our view, semi-static indication is a periodic time domain pattern indication. Another use-case for semi-static beam indication is to support NCR-Fwd operation on cell-specific or periodic UE-specific transmissions or receptions. For example, beam association is semi-statically configured for SSB reception, PRACH transmission in RACH occasions (ROs), PDCCH reception corresponding to system information (SI), paging, and so on. In addition, for NCR-Fwd purposes, beam association is semi-statically configured for UE-specific periodic CSI-RS, periodic SRS, SPS PDSCH receptions, configured grant PUSCH (CG-PUSCH), and so on. Such semi-static beam configurations can be provided to the NCR as semi-static beam indication.
In term of the mechanism for semi-static indication, one option can be the time domain pattern indication method introduced for Rel-17 IAB. That is, RRC can provide a time domain resource list for indication. For each time domain resource, it corresponds to a number of slot indexes with a configured periodicity. Also, MAC-CE can be used to indicate time domain resource index in the list. This mechanism can be considered as the starting point for the semi-static indication as it can indicate periodic time domain pattern with flexibility. Since this mechanism supports only slot-level granularity indication, a potential enhancement is to additionally introduce symbol-level granularity for better gNB scheduling flexibility.
Dynamic indication
In addition to semi-static indication, dynamic indication can be supported to match the aperiodic traffic/scheduling from gNB. For example, DCI based PDSCH scheduling or aperiodic CSI-RS transmission. In this sense, TDRA-like approach (e.g., SLIV) for the time domain resource indication can be one option, which can match a particular transmission such as PDSCH spans multiple consecutive symbols within a slot. Also, time domain pattern considering multiple transmission can be another option. For example, the pattern can be indicated by bitmap or multiple-SLIVs.
Proposal 8: Support both semi-static indication and dynamic indication for the beam of access link for NCR-Fwd:
· for semi-static indication, time domain resource indication for Rel-17 IAB (i.e., slot indexes + periodicity) can be considered as starting point.
· for dynamic indication, TDRA-like approach can be considered.
2.1.4 The association between access link beams
In NR, hierarchy beam management procedure is assumed in RAN1. This means that, from the perspective of gNB, some RSs (e.g., SSB) are transmitted via wide beam while some RSs (e.g., CSI-RS) are transmitted via narrow beam. In addition, the relations between narrow beam and wide beam are indicated to UEs via the association of corresponding RSs in QCL information. 
Similar to the design of gNB, hierarchy beam management for NCR access link can be considered as well. Here, wide beam generated by NCR can be used for forwarding SSB transmission or control channel transmission from gNB for the purpose of coverage; meanwhile, narrow beam generated by NCR can be used for forwarding CSI-RS transmission or data channel transmission for the purpose of throughput.
However, in the case of NCR, gNB has no knowledge of the association (e.g., the association between wide beam and narrow beam) between the beams for access link. Considering the same example discussed in Section 2.1.2, 12 beam indexes are provided. Here, beam#0 to beam#3 are for wide beams and beam#4 to beam#11 are for narrow beams. In this case, gNB does not know the association between the two set of beams. Hence, methods are needed to handle this issue. In general, three methods can be considered. The first method is that gNB provides the beam association to NCR so that NCR ensures the association between different beams. For example, gNB provides the association of beam#0, beam#4, and beam#5 to NCR for access beam indication. In addition, gNB provides the information to NCR that both beam#4 and beam#5 are associated with beam#0 w.r.t QCL information (e.g., QCL type D). The second method is that NCR provides the beam association to gNB so that gNB knows the association between different beams. For example, NCR provides the information to gNB that both beam#4 and CSI-RS#7 is associated with beam#0 w.r.t QCL information (e.g., QCL type D). The third method is that the association is determined by pre-defined rule (e.g., beam indexing). For example, the first beam in the first set is associated with the first two beam in the second set. That is, beam#0, beam#4 and beam#5 are associated.
[bookmark: _Hlk101545530]Proposal 9: For the purpose of hierarchy beam management for access link, support the association between access link beams considering the following methods:
· #1. gNB provides the association to NCR
· #2. NCR provides the association to gNB
· #3. Predefined rules for the determination of the association
2.2 Timing information
In previous RAN1 meeting, the following agreement in terms of beamforming information is achieved.
	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



According to the agreement, the gNB-side timing for NCR is decided and the UE-side timing for NCR requires further study. As shown in Figure 3, the timing of the NCR-MT DL is determined by the SSB transmitted by the gNB which implicitly reflects the propagation delay between the gNB and the NCR-MT. The timing of the NCR-MT UL is determined by the timing advance (TTA), which is TTA earlier than the timing of the NCR-MT DL. According to the agreement, 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. Hence, the only FFS part is the timing of DL-Tx and UL-Rx. Here, the key impact factor is internal delay. The timing of DL-Tx is the timing of DL-Rx adding with DL internal delay. The timing of UL-Rx is the timing of UL-Tx subtracting with UL internal delay. Also, in our view, it is beneficial for gNB to acquire the information on DL/UL internal delay of NCR. By knowing the value of DL/UL internal delay, gNB can identify whether a UE is under the service of NCR more accurately. 
In terms of internal delay, a straight forward option for gNB to get internal delay of NCR is from NCR capability report. Also, same DL internal delay and UL internal delay can be assumed.
Proposal 10: Consider the following in terms of the internal delay for NCR:
· Internal delay is according to capability report.
· DL internal delay and UL internal delay is the same.



Figure 3. The potential timing assumptions for NCR-Fwd
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.
Agreement
For the signaling of information on UL-DL TDD configuration, if the NCR-MT can acquire the TDD configuration as legacy UEs or from the OAM, new signaling may not be necessary.
· Note 1: The same TDD UL/DL configuration is assumed for C-link and backhaul link and access link if the NCR-MT and the NCR-Fwd are in the same frequency band.
· FFS: Other cases where new signaling may be necessary.



The information on the UL-DL TDD configuration is one of the key information to enable NR network-controlled repeaters on the TDD bands. The UL-DL TDD configuration information provides flexibility for the gNB to adjust the proportion of the time domain resource for DL amplify-and-forward and UL amplify-and-forward.
Proposal 11: Support to specify the UL-DL TDD configuration for network-controlled repeaters.
For the design of the UL-DL TDD configuration for the NCR, one option is to reuse the semi-static UL-DL TDD configuration (e.g., the cell-specific TDD configuration and/or the NCR-specific TDD configuration). In this way, the UL/DL time domain resources for of the NCR-MT and the NCR-Fwd can be determined, respectively.
Proposal 12: For the UL-DL TDD configuration for the NCR, the legacy UL-DL TDD configuration can be reused as much as possible.
·  E.g., the semi-static UL-DL TDD configuration
[bookmark: _Hlk111160449]An FFS point about flexible symbols was left open in the above RAN1 agreement. A simple method is to consider that the NCR-Fwd is OFF during flexible symbols of the semi-static TDD configuration. This method can be a default option, but can be restrictive for gNB scheduling. For example, the gNB can schedule a PDSCH or PUSCH transmission for the UE during flexible symbols, in which case the link direction is same as that for the scheduled transmission. In such cases, it is beneficial to have the NCR in ON state during the flexible symbols. Accordingly, the NCR needs to be provided dynamic access beam indication to amplify-and-forward the scheduled transmission. Therefore, an alternative method is to indicate a DL/UL link direction for the flexible symbol jointly with the dynamic beam indication in a same L1/L2 control signaling message. When the NCR is not provided any beamforming information for a flexible symbol (i.e., no scheduled transmission for any UE served by the NCR), the NCR can follow the default behavior and go to the OFF state.
Proposal 13: For a flexible symbol of the UL-DL TDD configuration for the NCR, the NCR can receive a DL-UL link direction jointly with a dynamic beam indication corresponding to the flexible symbol. When no beamforming indication is provided for the flexible symbol, the NCR goes to OFF state.
2.4 ON-OFF information
	Agreement
ON-OFF information is beneficial and recommended for network-controlled repeater to control the behavior 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.



In Annex, the simulation results in terms of SINR are provided. It is assumed that the NCR turns off itself when there are no UEs to serve. In Figure 5, the gain is observed for NCR with on/off management compare to NCR (without on/off management). Hence, it is beneficial to have on-off information for NCR.
Proposal 14: Support to specify ON-OFF information for network-controlled repeaters.
According to the agreement in last RAN1 meeting, two options, explicit indication and implicit indication are provided for ON-OFF information. In our view, both explicit indication and implicit ON-OFF information should be supported. Explicit indication can be used for a long-term on-off. For example, gNB explicitly indicates NCR to turn off at night for power saving. Implicit indication can be used for a short-term on-off (e.g., symbol-level or slot-level on off). One example is to reuse the beamforming information for implicit ON-OFF indication. If an NCR is indicated with a time domain resource with a corresponding beam indication, the NCR can assume that its NCR-Fwd is ON within the time domain resource; otherwise, the NCR-Fwd is OFF by default. More details of signaling design and consideration in terms of explicit and implicit ON-OFF indication are provided in our companion paper [3].
Proposal 15: Support both explicit and implicit ON-OFF indication.
Another issue about ON-OFF information is about frequency domain resources in which the NCR-Fwd is ON. A passband for an NCR-Fwd can be quite large, especially for FR2 operation, so that the NCR-Fwd can accommodate different UEs that are scheduled in different parts of the frequency band, and also to support multi-carrier operation for the UEs that are served by the NCR. However, it is likely that in any given symbol or slot that the NCR-Fwd is ON, only one or few UEs are scheduled in some chunks of the carrier bandwidth. In order to avoid amplification of noise and interference in un-used parts of the carrier bandwidth, it is beneficial to support RB-specific or RB-group-specific ON-OFF feature for NCR-Fwd operation, so that the UE is only ON for the applicable/scheduled RBs, and OFF in other un-used/non-scheduled RBs.
Observation 1: Performing amplify-and-forward operation by the NCR-Fwd in the entire supported passband causes amplification of noise and interference in non-scheduled RBs of the NCR passband.
Proposal 16: Support RB-specific (or RB-group-specific) ON-OFF indication.
In order for the gNB to dynamically determine that there are no UE(s) served through the NCR, and accordingly indicate an OFF command to the NCR, or to determine that a new candidate UE is starting to get served through the NCR, and accordingly indicate the ON command to the NCR, the gNB needs to be able to associate the UEs with the NCR. For example, the gNB needs to be able to determine whether a UE is being served by any of the beams that is associated with the NCR. The gNB also needs to keep track of any changes to the association of a UE with the NCR as the UE moves, such as whether the UE has moved in or out of the coverage area of the NCR.
Observation 2: Support for dynamic ON-OFF indication to the NCR requires gNB knowledge of whether a UE is or is not associated with the NCR.
The gNB may be able to make a basic/initial determination about whether a UE is or is not associated with the NCR using implementation-based techniques. For example, the gNB can configure the UE with DL RSs, including those associated with the NCR, and use beam/CSI reports from the UE to determine whether the UE is being served by a beam operated by the NCR. In addition, the gNB may use other measurements such as UE timing advanced (TA) values to improve the gNB knowledge about the UE association with the NCR. For example, in Figure 2 Approach #2, the UE #1 is associated with RS #5. There can be another UE, say UE #3, that is also associated with RS #5, but close to the gNB and facing away from the repeater. The gNB may determine that UE#1 is associated with the NCR, and that UE#3 is not associated with the NCR by comparing the TA values corresponding to UE #1 and UE #3 with the TA value corresponding to the NCR. 
Observation 3: The gNB may be able to make an initial determination about whether a UE is or is not associated with the NCR using implementation-based techniques, such as by using beam/CSI reports from the UE or TA value corresponding to the UE.
However, such gNB implementation methods may not be sufficient to determine whether a UE is or is not associated with the NCR in all scenarios, for example, when beam/CSI report-based or TA-based determinations have ‘borderline’ values that cannot provide solid evidence for such determination. Therefore, further methods can be considered to improve the gNB determination about the UE association with the NCR. It is noted that, the NCR is in direct communication with the UE(s), and therefore has access to measurements that are not available to the gNB. For example, if the NCR is provided information of the resources for certain UE uplink transmissions, such as SRS, the NCR can measure those UE uplink transmissions and reports its measurements to the gNB. For example, for UE#1 in Figure 2 Approach #2, the NCR measurement of the UE#1’s SRS can have much better quality than the gNB measurement of the same SRS. This can be especially beneficial for FR2 operation with directional beamforming.
Proposal 17: Further study methods to facilitate the gNB determination about whether a UE is or is not associated with the NCR (and thereby support dynamic ON-OFF indication), including NCR reporting its measurements of the UE’s uplink transmissions to the gNB.
It is noted that methods for association of UE with NCR are not only essential for dynamic ON-OFF indication, but are also very beneficial for other NCR control information as well, especially for beamforming information. For example, when a UE moves out of the coverage area of the NCR and is no longer associated with the NCR, the gNB needs to be able to determine such an event, and reflect that in the beamforming information provided to the NCR.
Observation 4: The gNB knowledge of the association (or not) of the UE(s) with the NCR is beneficial for other NCR control information as well, especially for the beamforming information.
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.
· 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 the RAN4 discussion for Rel-17 repeater, the amplification gain of repeater is fixed. Some companies argue that power control information can enhance coverage loss, and reduce interference. In our understanding, gNB or UE can modify its power to compensate coverage loss, and coverage enhancement in current specification can handle the issue. Furthermore, we have concern that increasing amplifying gain may cause high interference for neighbour cell, which is observed in our simulation described in Annex. Hence the benefit of PC information on NCR-Fwd seems not clear. Also, if power control information is considered, the implementation cost of NCR is higher, which is not preferable. Hence, we have the following proposal.
Proposal 18: Power control information is not necessary. 
3 Conclusion
The observations and proposals made in this contribution are summarized below.
Proposal 1: Support to specify beamforming information for network-controlled repeaters.
Proposal 2: The support of fixed beam and/or adaptive beam at NCR for both C-link and backhaul-link is subject to NCR’s capability.
Proposal 3: Support both explicit beam indication and implicit beam determination for backhaul link.
· For explicit beam indication, TCI ID or RS ID can be considered for beam indication
· For implicit beam indication, rules for following the QCL assumption / the spatial relation of C-link need to be considered.
Proposal 4: For backhaul link beam indication, consider the case that the beam correspondence of NCR-Fwd does not hold (e.g., consider separate UL / DL beam indication).
Proposal 5: For backhaul link beam indication/determination, consider both Rel-15/16 beam indication framework and Rel-17 beam indication framework (i.e., unified TCI framework).
Proposal 6: For the access beam indication for the NCR-Fwd, support both option 1 and option 2.
· For option 2, gNB provides the information of source RSs (e.g., SSB indexes) to NCR.
Proposal 7: Support both slot-level granularity and symbol-level granularity for time domain resource indication for access link beam.
Proposal 8: Support both semi-static indication and dynamic indication for the beam of access link for NCR-Fwd:
· for semi-static indication, time domain resource indication for Rel-17 IAB (i.e., slot indexes + periodicity) can be considered as starting point.
· for dynamic indication, TDRA-like approach can be considered.
Proposal 9: For the purpose of hierarchy beam management for access link, support the association between access link beams considering the following methods:
· #1. gNB provides the association to NCR
· #2. NCR provides the association to gNB
· #3. Predefined rules for the determination of the association
Proposal 10: Consider the following in terms of the internal delay for NCR:
· Internal delay is according to capability report.
· DL internal delay and UL internal delay is the same.
Proposal 11: Support to specify the UL-DL TDD configuration for network-controlled repeaters.
Proposal 12: For the UL-DL TDD configuration for the NCR, the legacy UL-DL TDD configuration can be reused as much as possible.
·  E.g., the semi-static UL-DL TDD configuration
Proposal 13: For a flexible symbol of the UL-DL TDD configuration for the NCR, the NCR can receive a DL-UL link direction jointly with a dynamic beam indication corresponding to the flexible symbol. When no beamforming indication is provided for the flexible symbol, the NCR goes to OFF state.
Proposal 14: Support to specify ON-OFF information for network-controlled repeaters.
Proposal 15: Support both explicit and implicit ON-OFF indication.
Proposal 16: Support RB-specific (or RB-group-specific) ON-OFF indication.
Proposal 17: Further study methods to facilitate the gNB determination about whether a UE is or is not associated with the NCR (and thereby support dynamic ON-OFF indication), including NCR reporting its measurements of the UE’s uplink transmissions to the gNB.
Proposal 18: Power control information is not necessary.

Observation 1: Performing amplify-and-forward operation by the NCR-Fwd in the entire supported passband causes amplification of noise and interference in non-scheduled RBs of the NCR passband.
Observation 2: Support for dynamic ON-OFF indication to the NCR requires gNB knowledge of whether a UE is or is not associated with the NCR.
Observation 3: The gNB may be able to make an initial determination about whether a UE is or is not associated with the NCR using implementation-based techniques, such as by using beam/CSI reports from the UE or TA value corresponding to the UE.
Observation 4: The gNB knowledge of the association (or not) of the UE(s) with the NCR is beneficial for other NCIs as well, especially for the beamforming information.
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Annex

In the following, system level evaluation results are provided in terms of the signal to interference plus noise ratio (SINR). The evaluation assumptions of the system level simulation (SLS) are summarized in Table 1, wherein the parameters are taken from TR38.802. The deployment for the UMa scenario is illustrated in Figure 4, where 2-tier hexagonal grids with 3 repeaters per sector are assumed. To compare the impact of the NCR deployment, we consider the NR systems without repeaters, with NCR, with NCR applying on/off management, and with NCR applying on/off+Power control. The results are shown in Figure 5, and detailed values are shown in Table 2. In Table 2 the value in the bracket shows the difference from previous column. For example, the difference SINR gain of NCR are 21.81, 5.59, -1.79 at 5%-tile, 50%-tile, and 95%-tile CDFs of the SINR compare to the NR system without repeaters. In the results, gain of NCR is observed in low and mid SINR region, and NCR with on/off shows gains over all SINR. However, NCR with on/off+PC does not show gain compare to NCR with on/off. As described in Table 1, amplifying gain of NCR is varied based on the pathloss between UE and NCR in the simulation, which means that some NCRs that have high pathloss between UE may calculate high amplifying gain. The reason of decreased SINR is that NCRs with high amplifying gain cause high interference over neighbour cells, hence, the interference degrades the system performance of NCR with on/off+PC.


Table 1. System level simulation assumptions for NCR
	Parameter
	Value

	Carrier Frequency
	30 GHz

	Layout
	UMa (ISD=500m, Outdoor (50%) + Indoor (50%))

	Channel Model
	TR38.901

	BS Tx Power
	43 dBm

	Repeater amplifying gain
	100 dB 

	BS antenna Array configuration
	(M, N, P, Mg, Ng)  = (4, 8, 2, 2, 2), dH = dV = 0.5 λ

	UE antenna Array configuration
	(M, N, P, Mg, Ng) = (2, 4, 2, 1, 1), dH = dV = 0.5 λ

	Repeater antenna Array configuration
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 2), dH = dV = 0.5 λ

	Traffic model
	Full buffer

	Minimum inter site distance
	BS-to-repeater: ISD/3m,
Repeater-to-UE: 2m
Repeater-to-repeater: 70m

	NCR on/off
	If no UE is served by NCR, NCR turns off NCR-Fwd

	NCR power control
	Pathloss = pathloss between UE and NCR
Gain = min(Agmax, alpha*Pathloss)
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Figure 4. Deployment of repeaters in UMa
[image: 4234242]
Figure 5. CDF of SINR on NCR with different operation
Table 2 SINR on NCR with different operation
	SINR(dB)
	w/o repeater
	NCR
	NCR+onoff
	NCR+onoff+PC

	95%
	29.35
	27.56(-1.79)
	35.02(+7.46)
	28.53(-6.49)

	50%
	-1.3
	4.65(+5.59)
	10.23(+5.58)
	7.94(-2.29)

	5%
	-38.37
	-16.56 (+21.81)
	-12.68(+3.88)
	-16.28(-3.6)
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