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1 Introduction
In RAN#97-e, Rel-18 new study item on “New WID for NR network-controlled repeaters” is endorsed [1]. The objective of the study item is as follows.
	The objectives of NR NCR WI follow the recommendations defined in TR 38.867 and will focus on scenarios and assumption listed below:
· Network-controlled repeaters are inband RF repeaters used for extension of network coverage on FR1 and FR2 bands based on the NCR model in TR38.867
· For only single hop stationary network-controlled repeaters
· The NCR is transparent to the UE.
· Network-controlled repeater can maintain the gNB-repeater link and repeater-UE link simultaneously
With these considerations, NR NCR supports the following features:

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


In this contribution, we will provide our views on the design of side control information and NCR behavior.
2 [bookmark: _Hlk101377211]Side control information
In TR 38.867 [2], the model of network-controlled repeater was captured, 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 WID [1], three aspects are expected to be specified regarding side control information for controlling the NCR-Fwd, including beamforming, UL-DL TDD operation, on-off information. In the following, the consideration on these aspects will be discussed.
2.1 Beamforming
There are two main aspects related to the beamforming of NCR, beamforming for backhaul link and the beamforming for access link. In the following, the discussion on both of the aspects is provided, respectively.
2.1.1 Backhaul link
In terms of the beamforming for backhaul link, the following agreements were 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
In case that adaptive beams are adopted for C-link and backhaul link, the following mechanisms can be considered for the indication and determination of beams of backhaul link:
· Option 1: The beam of backhaul link is indicated by a new signaling.
· The new signaling is dynamic signaling and/or semi-static signaling (e.g., RRC signaling/ MAC CE) indicating a beam(s) from the set of beams of the C-link
· This does not imply that the beam of backhaul link is always indicated by the new signaling
· Option 2: The beam of backhaul link is determined by a pre-defined rule.
· In slots/symbols with simultaneous DL receptions / UL transmissions in both C-link and backhaul link, the beam of backhaul link is the same as the beam of C-link. Otherwise, the beam of backhaul link follows one of the beams of the C link.
· Other predefined rules are not precluded


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 1: 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. Moreover, for the link between gNB and NCR, NCR-MT (i.e., C-link) is expected to be indicated with wide beam for coverage/robustness, and NCR-Fwd (i.e., backhaul link) is expected to be indicated with narrow beam for throughput. Therefore, this should be taken into account regarding beamforming design for backhaul link.
According to the agreement in the previous RAN1 meeting, two options were formulated for backhaul link beamforming and will be discussed as follows.
Option 1. Explicit beam indication for backhaul link
For option 1, a new signaling is needed from gNB for NCR to identify the beams for NCR-Fwd according to the set of beams maintained by NCR-MT. One example of the 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.
The advantage of option 1 is flexibility, which means that the indication of backhaul link beam have the minimum dependency on the beam indication for C-link. However, option 1 requires a new signaling (e.g., MAC-CE/RRC), which complicates the design of NCR-MT.
Option 2. Implicit beam determination for backhaul link
For option 2, no new signaling is needed for NCR to identify the beam for backhaul link. Instead, a predefined rule is necessary for the beam determination. The key idea of option 2 is to reusing the signaling/behavior of NCR-MT beam for the determination of NCR-Fwd beam. For DL, one pre-define rule is that NCR-Fwd follows the activated TCI state (e.g., with lowest ID) for PDSCH transmission of NCR-MT. For UL, one pre-define rule is that NCR-Fwd follows the spatial relation for dedicated PUCCH resource (e.g., with lowest ID) of NCR-MT. This means that the TCI state / spatial relation for NCR-Fwd can be indicated/modified by the existing RRC + MAC-CE signaling for PDSCH/PUCCH transmission. In this way, option 2 can achieve similar functionality with option 1 without introducing a new signaling.
Proposal 2: For backhaul link beamforming, support option 2 (the beam of backhaul link is determined by a pre-defined rule).
· For DL, NCR-Fwd follows the activated TCI state with lowest ID for PDSCH transmission of NCR-MT.
· For UL, NCR-Fwd follows the spatial relation for dedicated PUCCH resource with lowest ID of NCR-MT.

Also, according to the latest formulation of option 2, a pre-define rule is used for the handling the beam for C-link and backhaul link. That is, in slots/symbols with simultaneous DL receptions / UL transmissions in both C-link and backhaul link, the beam of backhaul link is the same as the beam of C-link; otherwise, the beam of backhaul link follows one of the beams of the C link. This pre-defined rule takes the hardware restriction of NCR into account. As baseline capability, NCR can only use one beam at a time for the link between gNB and NCR. This means that NCR-MT and NCR-Fwd do not expect to perform simultaneous transmission/reception using different beams.
However, in order to make the pre-defined rule implementable, a key issue is how a gNB and an NCR-MT can have a common understanding on the ‘slots/symbols’ with simultaneous DL receptions / UL transmissions in both C-link and backhaul link. Firstly, both the gNB and the NCR-MT can have a clear common understanding on the ‘slots/symbols’ for DL receptions / UL transmissions in backhaul link (i.e., the ON slots/symbols for NCR-Fwd). However, a clarification is needed on how the gNB and the NCR-MT can have a common understanding on the ‘slots/symbols’ with DL receptions / UL transmissions in C-link. For example, for the reception of dynamically scheduled PDSCH with scheduling offset less than timeDurationForQCL, since NCR-MT may not know the existence of the PDSCH, symbols/slots are needed for the buffering for the DL receptions. These symbols/slots are up to NCR-MT implementation and gNB has no knowledge for that. The only way to handle this issue is to assume that these symbols/slots follow the TCI state for NCR-Fwd. That means for the reception of PDSCH with scheduling offset less than timeDurationForQCL, the TCI state for NCR-Fwd is used. For another example, whether SSB requires NCR-MT DL reception need to be clarified as well. Therefore, it is necessary to spell out the DL reception / UL transmissions in C-link; otherwise, the pre-defined rule cannot be implemented. As a starting point, the ‘slots/symbols’ with DL receptions / UL transmissions in C-link, can be the ‘slots/symbols’ for PDCCH monitoring, PDSCH with scheduling offset equal or greater than timeDurationForQCL, periodic CSI-RS, PUCCH, PUSCH, periodic SRS.
Proposal 3: For option 2 (the beam of backhaul link is determined by a pre-defined rule), clarify the slots/symbols with DL receptions / UL transmissions in C-link
· As a starting point, these slots/symbols are for PDCCH monitoring, PDSCH with scheduling offset equal or greater than timeDurationForQCL, periodic CSI-RS, PUCCH, PUSCH, periodic SRS.
Proposal 4: For the reception of PDSCH with scheduling offset less than timeDurationForQCL, the TCI state for NCR-Fwd is used.

According to the agreement in SI phase, the simultaneous UL transmission of C-link and backhaul link is subject to NCR capability. This should be clarified in option 2.
Proposal 5: For option 2 (the beam of backhaul link is determined by a pre-defined rule), clarify that the simultaneous UL transmission of C-link and backhaul link is subject to NCR capability.

Another discussion points for both option 1 and option 2 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 as baseline and further study Rel-17 beam indication framework.
Proposal 6: For backhaul link beam indication/determination, Rel-15/16 beam indication framework should be the baseline.
· FFS: Rel-17 beam indication framework (i.e., unified TCI framework).

2.1.2 Access link
In terms of the beamforming for access link, the following agreements were achieved.
	Agreement
Beam index is used to indicate an access link beam (Option 1) 
Agreement
The time domain resource corresponding to an access link beam can be determined with following options:
· Option 1: Explicit determination based on the explicitly indicated the time domain resources per beam indication
Note-1: Different parameters may be indicated for semi-static or dynamic beam indication
Note 2: One or multiple beams can be indicated via single beam indication.
Agreement
Both slot-level and symbol-level granularity are recommended for the time-domain resource indication and determination of the access link beam.
Agreement
Both dynamic beam indication and semi-static beam indication are recommended for access link.
· Note: the semi-static beam indication includes the semi-persistent indication.
Working Assumption
In access link, a DL beam and a UL beam which are correspondent with each other have the same beam index.
· The forwarding direction of an indicated beam in access link can be determined based on its corresponding time domain resource and the UL/DL TDD configuration.
· Note: The forwarding behavior (or the forwarding direction) of an indicated beam in access link in flexible symbols is separately discussed in 9.8.1.


According to the agreement in the last RAN1 meeting, beam index is used to indicate an access link beam. For the purpose that gNB and NCR have the same understanding of beam index related information, several options can be considered. One option is that NCR provides the beam index information. Specifically, this information can be provided via NCR capability report. Another option is that NCR provides some basic information about the NCR beam generation information (such as a supported number of beams) and gNB provides configuration of beam indexes to NCR based on the information. More details on the signaling of beam index information are discussed in our companion tdoc [3].
Proposal 7: For beam index information for access link, consider the following methods:
· #1. NCR provides the information to gNB;
· #2. gNB provides the configuration for beam indexes based on the basic beam generation information (e.g., number of supported beams) provided by NCR.

2.1.2.1 Time domain resource
For time domain resource for access link beam, both semi-static indication and dynamic indication were recommended. 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. For example, such periodic beam indication can correspond to beam association for UE-specific periodic CSI-RS, periodic SRS, SPS PDSCH receptions, configured grant PUSCH (CG-PUSCH), and so on. 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. 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, two options can be considered. One is RRC only configuration, which can be used for the beam for SSB or PRACH, and so on. The other option can be RRC + MAC-CE, which can be used for the beam for PUCCH/PDCCH and so on. Specifically, the design principle for the time domain pattern indication method introduced for Rel-17 IAB can be reused. 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.
For dynamic indication, a new DCI format can be considered and whether the DCI format is with or without HARQ-ACK information can be further studied. Also, for dynamic indication, beam indication is expected to be applied after the beam application time (e.g., BeamAppTime, timeDurationForQCL).
Proposal 8: For semi-static indication for access link beam, support the indication using RRC and/or MAC-CE:
· Time domain resource indication for Rel-17 IAB (i.e., slot indexes + periodicity) can be considered as starting point.
Proposal 9: For dynamic indication for access link beam, support the following:
· A new DCI format for the dynamic indication;
· TDRA-like time domain resource indication;
· Beam indication is applied after beam application time.

2.1.2.2 The association between beam index and time domain resource
Another issue associated with access link beam indication is the association between beam index and time domain resource. As baseline, one-to-one mapping between a beam index and a time domain resource should be supported. In this way, a {beam index, time domain resource}-pair is indicated to NCR so that the beam index is applied in the corresponding time domain resource. Moreover, many-to-one mapping between beam indexes and a time domain resource can be further studied. This facilitates the access link beam indication using parallel beams for a multi-panel NCR.
Also, for signaling efficiency, one or more {beam index(es), time domain resource}-pair should be provided via a single beam indication.
Proposal 10: For access link, support one-on-one mapping between beam index and a time domain resource:
· FFS: more than one beam index associated with a time domain resource
Proposal 11: Support one or more {beam index(es), time domain resource}-pair via single beam indication.

Another issue on access link beam indication is about frequency domain resources in which the NCR-Fwd access link beam corresponds to. 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. It is likely that in any given time domain resource, different UEs within different frequency domain resources correspond to different beam direction. In order to maximize the coverage towards these UEs, it is beneficial to support RB-specific or RB-group-specific beam indication for NCR-Fwd operation.
Proposal 12: Support RB-group-specific beam indication, i.e., indication of the form {beam index(es), time domain resource, frequency domain resource}.

2.1.2.3 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 beam indexes) between the beams for access link. Considering 12 beam indexes are used for access link beam indication, it is necessary for gNB and NCR to share the same understanding between the feature of beam (e.g., which beam indexes are corresponding to wide beam and w). 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 beam#5 are associated with beam#0 w.r.t QCL information (e.g., QCL type D). For another example, gNB can acquire this association via manufacture declaration (e.g., based on beam ID and the corresponding beam vertical/horizontal beam angle from Rel-17 Repeater defined by RAN4). The third method is that the association is determined by pre-defined rule (e.g., beam indexing). For example, the first beam index in the first set (#0-#3) is associated with the first two beam index in the second set (#4-#11). That is, beam#0, beam#4 and beam#5 are associated.
[bookmark: _Hlk101545530]Proposal 13: For the purpose of hierarchy beam management for access link, consider the following methods for the association between access link beams:
· #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 UL-DL TDD operation
	Agreement
For the flexible symbol based on the semi-static configuration (e.g., TDD-UL-DL-ConfigCommon, TDD-UL-DL-ConfigDedicated), following options are considered for the NCR-Fwd on these symbols
· Option 1: The NCR-Fwd is expected to be OFF or not forwarding over these symbols
· Option 2: The NCR-Fwd will follow the TDD operation determined by NCR-MT, i.e., determined by NCR-MT based on the received SFI indication or scheduling from gNB 
· Note: It means that no new side control signaling is needed.
· Option 3: The NCR-Fwd will follow a new dynamic side control signaling of DL/UL forwarding over these symbols to NCR-Fwd



According to the discussion in the previous RAN1 meeting, three options are provided for NCR-Fwd behavior in flexible symbols determined by semi-static configuration.
In our view, option 1 can be the baseline. On the top of option 1, option 3 can be further considered. That is, if a new dynamic side control signaling of DL/UL forwarding over a number of flexible symbols is indicated to NCR, NCR will determine the DL/UL forwarding over these symbols based on the indication. With the combination of option 1 and option 3, a flexible utilization of time domain resource for NCR-Fwd is possible.
Proposal 14: For a flexible symbol of the UL-DL TDD configuration for the NCR, support the combination of option 1 and option 3.

2.3 ON-OFF information
	Agreement
The NCR-Fwd is always expected to be “OFF” unless otherwise explicitly or implicitly indicated by gNB.
· Note-1: This applies to the case regardless of the RRC state of NCR-MT.
· Note-2: Indication (e.g., received when NCR-MT in RRC-connected) or DRX state of NCR-MT to control the ON-OFF behaviour of NCR-Fwd when the NCR-MT is in RRC-idle/inactive is not precluded.
The above is not meant to imply any signaling design for NCR-Fwd ON-OFF.



According to the agreement in last RAN1 meeting, both explicit indication and implicit indication can be considered for ON-OFF information. For explicit indication, explicit OFF indication is preferred since it is beneficial for a long-term on-off and interference mitigation. In comparison, the purpose of using explicit ON indication still needs further justification. It is expected that NCR-Fwd only works when gNB performs transmission or reception. This kind of behavior of NCR-Fwd can be covered by implicit ON indication (e.g., beam indication).
Proposal 15: Support explicit OFF indication.
· FFS: whether explicit indication for ON is needed

As agreed in the previous RAN1 meeting, if there is no indication by gNB, the default state of NCR-Fwd is OFF. For ON indication, implicit indication using beam indication for access link should be supported. 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. Moreover, the beam indication framework for access link can be extended to also include OFF indication. One option is to re-interpret one of codepoint of beam indication, such as beam index “-1”, for OFF indication while the other codepoints, such as {0, 1, 2, …}, are for beam indication.
Another aspect of implicit ON-OFF is whether the time domain resource for cell-specific signals/channels can be considered as implicit ON. Before the discussion of this aspects, a clarification is necessary on whether NCR is aware of cell-specific signals/channels. Currently, NCR-MT is capable of reading common information for TDD operation. In our view, it is natural for an NCR-MT to obtain the common information for SSB, PRACH occasion, etc. If NCR is aware of the common information, those common signals/channels may be considered for implicit ON indication. 
Proposal 16: Support implicit ON indication.
· Support beam indication for access link as implicit ON indication
· Extending the beam indication framework to also include OFF indication
· FFS: implicit ON-OFF determination based on cell-specific signals/channels

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, only some chunks of the carrier bandwidth are being scheduled by the gNB. 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 can cause amplification of noise and interference in non-scheduled RBs of the NCR passband.
Proposal 17: Support RB-group-specific ON-OFF indication.

2.4 Others
In previous RAN1 meeting, the following agreement in terms of timing information is achieved.
	Agreement
For the timing of NCR, the following assumption is captured into TR 38.867.
· The DL transmitting timing of the NCR-Fwd is delayed after the DL receiving timing of the NCR-MT (or the NCR-Fwd) by the internal delay; 
· The UL receiving timing of the NCR-Fwd is advanced before the UL transmitting timing of the NCR-MT (or the NCR-Fwd) by the internal delay. 
Agreement
Update the agreement achieved in RAN1#109e as follows:
For the signaling of the side control information of timing to align transmission / reception boundaries, new signaling may be is unnecessary.
· FFS: the impact of internal delay



According to the agreement, the only issue left is internal delay. 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 18: Support 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.
3 Conclusion
The observations and proposals made in this contribution are summarized below.
Proposal 1: 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 2: For backhaul link beamforming, support option 2 (the beam of backhaul link is determined by a pre-defined rule).
· For DL, NCR-Fwd follows the activated TCI state with lowest ID for PDSCH transmission of NCR-MT.
· For UL, NCR-Fwd follows the spatial relation for dedicated PUCCH resource with lowest ID of NCR-MT.
Proposal 3: For option 2 (the beam of backhaul link is determined by a pre-defined rule), clarify the slots/symbols with DL receptions / UL transmissions in C-link
· As a starting point, these slots/symbols are for PDCCH monitoring, PDSCH with scheduling offset greater than timeDurationForQCL, periodic CSI-RS, PUCCH, PUSCH, periodic SRS.
Proposal 4: For the reception of PDSCH with scheduling offset less than timeDurationForQCL, the TCI state for NCR-Fwd is used.
Proposal 5: For option 2 (the beam of backhaul link is determined by a pre-defined rule), clarify that the simultaneous UL transmission of C-link and backhaul link is subject to NCR capability.
Proposal 6: For backhaul link beam indication/determination, Rel-15/16 beam indication framework should be the baseline.
· FFS: Rel-17 beam indication framework (i.e., unified TCI framework).
Proposal 7: For beam index information for access link, consider the following methods:
· #1. NCR provides the information to gNB;
· #2. gNB provides the configuration for beam indexes based on the basic beam generation information (e.g., number of supported beams) provided by NCR.
Proposal 8: For semi-static indication for access link beam, support the indication using RRC and/or MAC-CE:
· Time domain resource indication for Rel-17 IAB (i.e., slot indexes + periodicity) can be considered as starting point.
Proposal 9: For dynamic indication for access link beam, support the following:
· A new DCI format for the dynamic indication;
· TDRA-like time domain resource indication;
· Beam indication is applied after beam application time.
Proposal 10: For access link, support one-on-one mapping between beam index and a time domain resource:
· FFS: more than one beam index associated with a time domain resource
Proposal 11: Support one or more {beam index(es), time domain resource}-pair via single beam indication.
Proposal 12: Support RB-group-specific beam indication, i.e., indication of the form {beam index(es), time domain resource, frequency domain resource}.
Proposal 13: For the purpose of hierarchy beam management for access link, consider the following methods for the association between access link beams:
· #1. gNB provides the association to NCR
· #2. NCR provides the association to gNB
· #3. Predefined rules for the determination of the association
Proposal 14: For a flexible symbol of the UL-DL TDD configuration for the NCR, support the combination of option 1 and option 3.
Proposal 15: Support explicit OFF indication.
· FFS: whether explicit indication for ON is needed
Proposal 16: Support implicit ON indication.
· Support beam indication for access link as implicit ON indication
· Extending the beam indication framework to also include OFF indication
· FFS: implicit ON-OFF determination based on cell-specific signals/channels
Proposal 17: Support RB-group-specific ON-OFF indication.
Proposal 18: Support 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.
Observation 1: Performing amplify-and-forward operation by the NCR-Fwd in the entire supported passband can cause amplification of noise and interference in non-scheduled RBs of the NCR passband.
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