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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 signaling 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
If adaptive beams are adopted for C-link and backhaul link, new signaling is supported to indicate a beam(s) used for backhaul link from the set of beams for C-link.
· Predefined rule is used to define the beam in case there is no indication via the new signaling
· FFS: Details of the predefined rule
· FFS: Application of predefined rule for other cases
· Note: The beam(s) used for backhaul link should be from the RRC-configured list of beams for C-link.
· The new signaling, if needed, is an optional NCR capability
Agreement
For NCR-MT which can support adaptive beams in C link, 
· Rel-15 beam indication framework can be reused.
· Rel-17 beam indication framework (i.e., the unified TCI) can be reused as well. The gNB can configure the unified TCI for the NCR-MT, if the NCR-MT supports.
Agreement
To support the sounding procedure for NCR-MT in C link, the necessary mechanism of legacy UE sounding procedure is supported.
· FFS: The details of the necessary mechanism of legacy UE sounding procedure.
· Note: This does not mean all legacy UE sounding procedure will be supported. 
Agreement
The following aspects should be NCR capability:
· Simultaneous UL transmission of C-link and backhaul link
· Adaptive beam for C-link/backhaul-link
· Note-1: Fixed beam for C-link/backhaul link is default capability
· Note-2: TDMed UL transmission of C-link and backhaul link is default capability.
· FFS: How to define the capability for adaptive beam for C-link/backhaul-link



In the last RAN1 meeting, it was agreed that adaptive beam for C-link/backhaul-link is subject to NCR capability while fixed beam for C-link/backhaul link is default 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, new signaling is agreed to indicate beam(s) for backhaul link beamforming as an optional feature and predefine rule is agreed to determine the beam in case that there is no indication via new signaling. Further details are discussed as follows.
Explicit beam indication for backhaul link via new signaling
Before the design of the signaling, the beam correspondence capability of NCR-MT/NCR-Fwd needs to be clarified. In RAN1#109-e, it was agreed that 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. This means that the beam correspondence capability of C-link /backhaul-link is equivalent to the beam correspondence capability of NCR-MT. With the reference of UE capability in FR2, there are two potential capabilities for NCR-MT: (1) beam correspondence with uplink beam sweeping; (2) beam correspondence without uplink beam sweeping. If an NCR-MT only supports capability (1), separate UL/DL beam indication is required. If an NCR-MT supports capability (2), joint UL/DL beam indication can be used.
Observation 1: The beam correspondence capability of C-link/backhaul-link is equivalent to the beam correspondence capability of NCR-MT.
Observation 2: With reference to “normal” UE capability, two beam correspondence capabilities of NCR-MT can be considered: (1) beam correspondence with uplink beam sweeping; (2) beam correspondence without uplink beam sweeping.
With the consideration of the above two capabilities, two different beam indication methods should be considered. 
In the case that NCR-MT supports (1) beam correspondence with uplink beam sweeping, separate UL/DL beam indication should be used. For DL, TCI state ID (e.g., DL TCI state ID) and/or RS ID (e.g., SSB ID and/or CSI-RS ID) can be used for the determination of the spatial filter for NCR-Fwd DL reception. For UL, SRS ID (e.g., SRI) or UL TCI state ID can be used for the determination of the spatial filter for NCR-Fwd UL transmission.
In the case that NCR-MT supports (2) beam correspondence without uplink beam sweeping, joint UL/DL beam indication is preferred. For both DL and UL, TCI state ID (e.g., DL or joint TCI state ID) and/or RS ID (e.g., SSB ID and/or CSI-RS ID) can be used for the determination of the spatial filter for NCR-Fwd DL reception and UL reception.
Another issue is which RRC-configured list of NCR-MT the TCI state ID and/or RS ID corresponds to. For example, if Rel-15 beam indication framework is assumed, the TCI state ID can select a TCI state from the TCI states configured by tci-StatesToAddModList and tci-StatesToReleaseList in the PDSCH-Config of the active DL BWP of the primary cell of NCR-MT. Alternatively, the TCI state ID can select a TCI state from a configured/activated subset of TCI states dedicated for NCR-Fwd.
Proposal 1: For backhaul link beam indication of NCR-Fwd,
· In the case that NCR-MT only supports beam correspondence with uplink beam sweeping:
· Support DL beam indication using TCI state ID and/or RS ID (e.g., SSB ID and/or CSI-RS ID)
· Support UL beam indication using SRS ID (e.g., SRI) or UL TCI state
· In the case that NCR-MT supports beam correspondence without uplink beam sweeping:
· Support joint UL/DL beam indication using TCI ID and/or RS ID (e.g., SSB ID and/or CSI-RS ID).
· FFS: which RRC-configured list of NCR-MT the TCI state ID or RS ID corresponds to.

In terms of the design of the new signaling, semi-static signaling is preferred since the channel state of backhaul-link is very unlikely to be changed over a short time period. To be more specific, RRC and/or MAC-CE can be considered for the backhaul-link beam indication. Either RRC can be used for the configuration of the backhaul link beam, or MAC-CE can be used to activate a beam from the set of beams configured for NCR-MT / C-link or from a configured subset of beams dedicated to backhaul-link.
Proposal 2: Support semi-static signaling (e.g., RRC and/or MAC-CE) for beam indication of backhaul link. At least one of the following options can be considered:
· Option-1. The beam of backhaul link is configured by RRC signaling.
· Option-2. The beam of backhaul link is activated by MAC-CE signaling from a set of beams configured for NCR-MT / C-link.
· Option-3. The beam of backhaul link is activated by MAC-CE signaling from a configured subset of beams dedicated to NCR-Fwd / backhaul link.

Implicit beam determination for backhaul link using predefined rule
For another agreement made in the previous RAN1 meeting, both Rel-15 and Rel-17 beam indication framework can be reused for NCR-MT. In the case that NCR-MT is configured with Rel-17 beam indication framework, it is straightforward to use the indicated UL/DL and/or joint TCI state of NCR-MT for the determination of the UL/DL beam for backhaul link.
Proposal 3: If NCR-MT is configured with Rel-17 beam indication framework, the predefined rule is to use indicated UL/DL and/or joint TCI state of NCR-MT for the determination of UL/DL beam for backhaul link.

In the case that NCR-MT is configured with Rel-15 beam indication framework, similar consideration as in the case of new signaling is needed in terms of beam correspondence capability of NCR-MT. 
If NCR-MT only supports beam correspondence with uplink beam sweeping, predefined rules are needed for both DL and UL of backhaul link, respectively. For example, the activated TCI state with lowest ID for PDSCH reception is used for the determination of DL backhaul link beam. Meanwhile, the spatial relation for dedicated PUCCH resource (e.g., with lowest ID) of NCR-MT is used for the determination of UL backhaul link beam.
If NCR-MT supports beam correspondence without uplink beam sweeping, a predefined rule can be used for both DL and UL backhaul link. For example, the activated TCI state with lowest ID for PDSCH reception is used for the determination of both DL and UL of backhaul link beam.
Proposal 4: If NCR-MT is configured with Rel-15 beam indication framework, support the following as the predefined rule for backhaul link beam determination:
· In the case that NCR-MT only supports beam correspondence with uplink beam sweeping,
· the activated TCI state with lowest ID for PDSCH reception is used for the determination of DL backhaul link beam;
· the spatial relation for dedicated PUCCH resource (e.g., with lowest ID) of NCR-MT is used for the determination of UL backhaul link beam;
· In the case that NCR-MT supports beam correspondence without uplink beam sweeping,
· the activated TCI state with lowest ID for PDSCH reception is used for determination of both DL and UL backhaul link beam.

According to the Agreement from RAN1#110, simultaneous reception/transmission of C-link and backhaul link is supported (subject to NCR capability for UL transmission). With this assumption, no matter the beam for backhaul link is provided by new signaling or determined by predefined rule, different beams / spatial filters might be indicated/determined for C-link and backhaul link in the symbols/slots that simultaneous reception/transmission occurs. If there is no special handling of such case, NCR is mandated to be equipped with two panels, e.g., one for C-link and another one for backhaul-link. This increases the complexity of NCR significantly.
Observation 3: If simultaneous reception/transmission of C-link and backhaul link with different beams is allowed (without special handling), NCR is mandated to be equipped with two panels for simultaneous reception/transmission using different beams.

According to the discussion above, simultaneous DL receptions / UL transmissions in both C-link and backhaul link using different beams should be avoided. The key issue is that both gNB and NCR should have common understanding on the ‘slots/symbols’ with DL receptions / UL transmissions in C-link over the ‘ON’ symbols/slots for NCR-Fwd. Otherwise, the ambiguity will have negative impact on both C-link and backhaul link.  
Observation 4: Both gNB and NCR should have common understanding on the ‘slots/symbols’ with DL receptions / UL transmissions in C-link within the ‘ON’ symbols/slots for NCR-Fwd. Otherwise, the ambiguity will have negative impact on both C-link and backhaul link.

In order to resolve this issue, two options can be considered:
· Option 1. The beam of backhaul link is the same as C-link on the set of symbols/slots with DL receptions / UL transmissions in C-link within the ‘ON’ symbols/slots for NCR-Fwd. 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 common understanding with DL receptions / UL transmissions in C-link over the ‘ON’ symbols/slots for NCR-Fwd. 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 (more than the symbols of the PDSCH for DL reception). 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 is the same as 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, gNB cannot correctly arrange for the beam of C-link and the beam of backhaul-link correctly in TDMed manner. 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, SRS.
· Option 2. The beam of C-link is the same as backhaul link within the ‘ON’ symbols/slots for NCR-Fwd. For this option, there is no need to identify the ‘symbols/slot’ with simultaneous DL receptions / UL transmissions in both C-link and backhaul link. This is because gNB/UE can use the beam for backhaul link over the symbols/slots with ‘NCR-Fwd ON state’ without any ambiguity. In the case that option 2 is adopted, if gNB would communicate with NCR-MT using the beam (e.g., wide beam for PDCCH) other than NCR-Fwd, the slots/symbols with ‘NCR-Fwd OFF state’ can be utilized as much as possible. Otherwise, if gNB has no problem to communicate with NCR-MT using the same beam (e.g., narrow beam for PDSCH carrying side control information) as NCR-Fwd, the slots/symbols with ‘NCR-Fwd ON state’ can be used as well.
In our view, Option 1 is preferred since it guarantees the flexibility and robustness of C-link.
Proposal 5: To avoid simultaneous DL receptions / UL transmissions in both C-link and backhaul link using different beams:
· The beam of backhaul link is the same as C-link on the set of symbols/slots with DL receptions / UL transmissions in C-link within the ‘ON’ symbols/slots for NCR-Fwd.
· The set of symbols/slots are for PDCCH monitoring, PDSCH with scheduling offset equal or greater than timeDurationForQCL, periodic CSI-RS, PUCCH, PUSCH, SRS.
Proposal 6: For the reception of PDSCH with scheduling offset less than timeDurationForQCL, NCR-MT applies the TCI state for NCR-Fwd in the ON symbols/slots for NCR-Fwd.

2.1.2 Access link
In terms of the beamforming for access link, the following agreements were achieved.
	Agreement
The following information can be used to characterize the physical beam(s) supported by NCR-Fwd for access link: 
· Number of beams supported for access link
· FFS: How to define the detailed value (e.g., per beam type)
· FFS: Whether the number of beams can be derived by beam layout
· Spatial relationship between different beams
· FFS: Beam types defined by the beam width (e.g. two types as wide beam and narrow beam type)
· FFS: Beam direction defined by the boresight of beam
· FFS: Whether/How to deliver this information to gNB
· FFS: Coverage area for each beam type
· FFS: Beam ID (via explicit or implicit means) 
Agreement
Confirm the WA that in access link, a DL beam and a UL beam which are correspondent with each other have the same beam index.
Agreement
The following methods are supported for access link beam indication:
· Single beam index per indication is supported to indicate one beam.
· The indication of multiple beams in one indication is supported
· Note: The multiple beams are applied in TDMed over same frequency resource
Agreement
Following parameters should be supported to define the time resource:
· For a periodic and/or semi-persistent configured time resource, starting time, duration per beam(s) and periodicity is needed.
· For aperiodic indication of time resource, starting time and duration per beam(s) is needed.  
· FFS: The SCS for starting time, duration, and periodicity
· FFS: How to define the duration, e.g., via the length of time resource or resource index(es)
· FFS: Whether indication of starting time can be implicit (e.g., the first slot after the time to apply the received beam indication and the first OFDM symbol in the slot)


2.1.2.1 The association between logical beam index to physical beam
According to the agreement in the RAN1#110, logical beam index is used to indicate an access link beam. Based on the discussion and agreement in RAN1#110bis-e, at least the number of beams supported for access link and the spatial relationship between different beams are required to characterize the physical beam supported by NCR-Fwd for access link. In our view, some other information, e.g., beam type, beam direction, coverage area could be also useful for further characterization of a physical beam.
In order to better organize the information for a physical beam, explicit physical beam ID is preferred. A physical beam ID can be associated with the beam information/feature mentioned above such as (beam type, spatial relationship). For example, an NCR-Fwd supports 5 beams for access links, each of them with a unique physical beam ID and corresponding information can be as follows: {phy_beam#0: wide, N/A}, {phy_beam#1: narrow, within_phy_beam#0}, {phy_beam#2: narrow, within_phy_beam#0}, {phy_beam#3: narrow, within_phy_beam#0}, {phy_beam#4: narrow, within_phy_beam#0}. With such information, the spatial relation between different physical beams can be determined, i.e., phy_beam#0 is a wide beam and associated with four narrow beams (phy_beam#1, phy_beam#2, phy_beam#3, phy_beam#4).
Proposal 7: Support explicit physical beam ID to identify the characteristics of a physical beam.
· Each physical beam supported by NCR-Fwd for access link has a unique physical beam ID as reported by NCR-MT.

A following question is how to associate logical beam index with physical beam / physical beam ID so that gNB and NCR can have the same understanding of logical beam index and the corresponding physical beam. To resolve this issue, two options can be considered: 
· Option 1. NCR provides the physical beam information (e.g., via NCR capability report) to gNB. The gNB directly use the physical beam ID provided in the physical beam information as logic beam index for beam indication.
· Option 2. NCR provides the physical beam information (e.g., via NCR capability report) to gNB. The gNB configures the association between physical beam ID provided in the physical beam information and logical beam index for access beam indication. In this way, a subset of physical beams (preferred by gNB) can be used for access beam indication.
Proposal 8: For associate logic beam index with physical beam, consider the following methods:
· #1. gNB adopts the physical beam ID provided by NCR as logic beam index;
· #2. gNB configures the association between logic beam index and physical beam ID.

[bookmark: _Hlk118316913]2.1.2.2 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 or semi-persistent indication
One of the typical use cases of semi-static beam 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 periodic UE-specific transmissions or receptions such as 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 transmissions or receptions such as SSB reception, PRACH transmission in RACH occasions (ROs), PDCCH reception corresponding to system information (SI), paging, random access, 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 or semi-persistent indication, two options can be considered. One is RRC only configuration, which can be suitable 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 or implicit periodicity using the period provided by TDD configuration. 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.
Proposal 9: For semi-static and/or semi-persistent indication for access link beam, time domain resource is defined as the following:
· Starting time and duration per beam(s) is provided by slot index(es)
· Periodicity can be provided explicitly or implicitly
Proposal 10: Support RRC and/or MAC-CE signaling for semi-static and/or semi-persistent indication for access link beam.

Dynamic indication
In addition to semi-static and semi-persistent indication, dynamic indication can be supported to match the aperiodic traffic/scheduling from gNB, such as DCI based PDSCH/PUSCH scheduling or aperiodic CSI-RS / SRS 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. 
For the identification of the starting time of the aperiodic time domain resource, slot offset and/or starting symbol can be used. For example, the starting slot of the time domain resource can be identified by slot offset, where the reference slot (i.e., slot offset = 0) of the slot offset can be the slot with the triggering DCI or the first slot after the beam application time. After the identification of starting slot of time domain resource, the starting symbol of the time domain resource can be further indicated as starting symbol in the starting slot. Regarding the FFS point from the Agreement in RAN1#110bis-e: “FFS: Whether indication of starting time can be implicit (e.g., the first slot after the time to apply the received beam indication and the first OFDM symbol in the slot)”, we don’t see a reason for such restriction. Such timing can be simply indicated by slot offset = 0 & starting symbol = 0, while a more generic starting time can be also supported for gNB flexibility.
For the identification of the duration of the aperiodic time domain resource, the number of symbols/slots can be used. For example, the number of symbols can be used to identify the number of consecutive symbols starting from the starting symbols.
Proposal 11: For dynamic indication for access link beam, support the following:
· Starting time is defined by slot offset and/or starting symbol
· The reference slot is the slot for DCI or the slot after beam application time 
· Duration is defined by the number of symbols/slots

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 12: Support a new DCI format for dynamic indication for access link beam.

The SCS for time domain resource
Another FFS point is the SCS for the time domain resource for access link beam. In our view, explicit SCS should be supported as baseline method. For explicit SCS, the SCS is provided explicitly for the time domain resource per beam. This provides flexibility for gNB scheduling since different traffic with different numerology may occur in different time domain resource. 
Proposal 13: For the SCS for time domain resource for access link beam, support explicit SCS as the baseline method.
· The SCS is provided for the time domain resource per beam

Prioritization between different indications
In terms of the interaction between different types of beam indication, it is preferred that there is no overriding between any semi-static and/or semi-persistent beam indication. Apart from that, for signaling flexibility, it is preferred to support dynamic beam indication to override semi-static and/or semi-persistent beam indication as baseline. Also, a further study point is the necessity of exception rule for the overriding. For example, some semi-static and/or semi-persistent time domain resources can be indicated with ‘high priority’ (e.g., the time domain resource for SSB, PRACH occasions) so that they can be exempt from the overriding by dynamic signaling.
Proposal 14: Support dynamic beam indication to override semi-static and/or semi-persistent beam indication as baseline.
· FFS: Exception rule for the overriding. E.g., semi-static and/or semi-persistent time domain resource can be indicated with ‘high priority’ to be exempt from overriding.

2.1.2.3 The association between beam index and time domain resource
In the previous RAN1 meeting, it was agreed to support one-to-one mapping between a beam index and a time domain resource. Also, single beam index per indication and TDMed multiple beams in one indication is agreed to be supported. For the time resource provided by single beam indication or each of the time resource provided by beam multiple beam indication, as discussed above, TDRA-like approach and one-to-one mapping between time domain resource and beam index can be used. 
A following discussion point is the signaling to associate single or multiple beam index(es) to the corresponding time domain resource. In our view, it is preferred to separately indicate beam index(es) and time domain resource(s). 
For example, the design principle of TCI codepoint with multiple TCI can be reused for access beam index indication, and the design principle of TDRA with multi-SLIVs scheduling can be reused for time domain resource indication. If a codepoint with {beam#0, beam#1}, and a row of TDRA with {SLIV0, SLIV1} are indicated, {beam#0, SLIV0} and {beam#1, SLIV1} can be applied for access beam in order. 
For another example, a beam indication field is with a number of sub-fields, where each sub-field is used to indication a beam index, e.g., beam#0, beam#1, beam#2, beam#3, respectively. Meanwhile, another field is used for multi-SLIV indication, e.g., the field indicates {SLIV0, SLIV#1, SLIV2, SLIV#3}. Each beam index is associated with a SLIV by order, i.e., the association is {beam#0, SLIV0}, {beam#1, SLIV1}, {beam#2, SLIV2}, {beam#3, SLIV3}.
Proposal 15: For dynamic indication for single access link beam or multiple TDMed access link beams, support separate fields for beam indication and time domain resource indication.

A further discussion point is whether to support more than one beam index to associate a single time domain resource. In our view, this facilitates the access link beam indication using parallel beams for a multi-panel NCR over same or different frequency domain resource. Hence, we are supportive of many-to-one mapping between beam indexes and a time domain resource.
Proposal 16: For access link beam indication, support many-on-one mapping between beam index and a time domain resource.

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 17: Support RB-group-specific beam indication, i.e., indication of the form {beam index(es), time domain resource, frequency domain resource}.

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
Agreement
For the flexible symbol based on the semi-static configuration (e.g., TDD-UL-DL-ConfigCommon, TDD-UL-DL-ConfigDedicated), the default behavior of the NCR-Fwd is expected to be OFF or not forwarding over these symbols
· FFS: The behavior over these symbols if dynamic DL/UL operation is supported by NCR-MT and/or NCR-Fwd.



According to the discussion in the previous RAN1 meeting, it was agreed that option 1 as default behavior over the flexible symbols based on semi-static TDD configuration. The leftover issue is the potential enhancement over these flexible symbols.
In our view, option 3 is preferred to be the behavior over flexible symbols. 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 option 3, a flexible utilization of time domain resource for NCR-Fwd is possible.
In terms of signaling of DL/UL link direction for flexible symbols, since beamforming information needs to be provided to the NCR when NCR-Fwd is expected to operate in a flexible symbol, it can be further discussed whether to support separate signaling from beamforming information, or to support a joint signaling for both beamforming information and TDD DL/UL beam direction information. 
Proposal 18: On flexible symbols determined by the UL-DL TDD configuration for the NCR, support the option 3 (i.e., NCR-Fwd will follow a new dynamic side control signaling of DL/UL forwarding over these symbols to NCR-Fwd).
· FFS: separate or joint signaling of beamforming information and DL/UL link direction information.

2.3 ON-OFF information
	Conclusion
An NCR is not expected to perform forwarding in “OFF” state.
Agreement
For the ON/OFF information indication, at least one of following options is supported to indicate the ON state of NCR
· Alt-1: Explicit indication with dedicated field to indicate ON state
· Note: At least it’s supported when the beam indication is not applicable
· Alt-2: Implicit indication via the beam indication
· Alt-3: Indication via the time domain resource indication (i.e., the NCR is assumed to be ON over the indicated time domain resource)



In last RAN1 meeting, ON state of NCR is supported with the potential down-selection from three alternative. In our view Alt-2 (beam indication) is preferred and should be the baseline. This is because semi-static, semi-persistent and aperiodic indication of time domain resource are possible via beam indication and it is natural to use beam indication to indicate the ON state of NCR-Fwd.
Proposal 19: For the ON/OFF information indication, support Alt-2 (i.e., beam indication) to indicate the ON state of NCR.

Also, in the case of FR1 deployment of NCR, adaptive beam indication is not preferable due to cost and implementation complexity [3]. Hence, the beam indication designed for FR2 may not be able to directly apply in FR1. In our view, there is no need to introduce a completely new signaling for this purpose. The most straightforward way is to extend beam indication (i.e., a unified signaling for beam indication and ON-OFF indication). For example, special beam indexes, (e.g., 0) can be used in FR1 for ON indication. In this way, the time domain resource design for beam indication can be reused as much as possible.
Proposal 20: Support beam indication using special beam index (e.g., 0) to indicate the ON state of NCR in FR1.

In last RAN1 meeting, the support of OFF state indication for NCR-Fwd was discussed. In our view, dynamic OFF indication is preferred since it can override the ON indication provided by semi-static indication/configuration, which is beneficial for interference mitigation. Also, with dynamic OFF indication, the frequent re-configuration or release of semi-static beam information is not needed, hence better signaling efficiency. Also, it is preferred that dynamic OFF can be indicated via access beam indication using special beam index (e.g., -1). In this way, the time domain resource design for beam indication can be reused as much as possible.
Proposal 21: Support dynamic OFF indication via unified signaling design with access beam indication using special beam index (e.g., -1) to indicate the OFF state of NCR-Fwd.

[bookmark: _Hlk118434247][bookmark: _Hlk118434273]Another issue is the relationship between ON-OFF state of NCR-Fwd and various operation modes/states of NCR-MT. For example, when NCR-MT is in RRC_IDLE state or RRC_INACTIVE state (if supported) or outside DRX-Active time of RRC_CONNECTED state, the NCR-Fwd need not go to the OFF state, rather the NCR-Fwd is expected to continue to operate as ON based on the beam indications or ON-OFF indications that the NCR-MT has already received during in RRC_CONNECTED state.
However, for the case of radio link failure (RLF) or beam failure detection (BFD) for the C-link of NCR-MT, it is expected that the backhaul link of the NCR-Fwd is also impacted and cannot be used for reliable communication. Therefore, the NCR-Fwd may go to the OFF state (e.g., after RLF or after the transmission of beam failure recovery request) until the NCR-MT successfully completes the radio link re-establishment or beam failure recovery (BFR). Further discussion is needed on the operation of NCR-Fwd afterward, e.g., whether previous indications will remain valid or whether new indications will be needed.
Proposal 22: Further study the relationship between ON-OFF state of NCR-Fwd and operation modes/states of NCR-MT, such as:
· when NCR-MT is in RRC_IDLE state or RRC_INACTIVE state (if supported) or outside DRX-Active time of RRC_CONNECTED state; or
· when NCR-MT determines radio link failure (RLF) or beam failure for the C-link.

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 5: 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 23: Support RB-group-specific ON-OFF indication.

[bookmark: _Hlk111079451]A last issue is about the impact of NCR on the signaling that NCR to the gNB provides, such as NCR-initiated or NCR-assisted indication. The baseline operation for NCR is based on full knowledge of gNB about the UEs in the serving cell, including those served by the NCR. However, it is possible that the NCR can determine local knowledge that may not be available to the gNB or may be available to the gNB with some latency. For example, when a UE in the NCR coverage area attempts initial/random access while the NCR-Fwd is indicated to be OFF, it is possible that the PRACH transmission from the UE fails and the gNB does not recognize the presence of the UE. However, the NCR (with sufficient capability) may be able to detect the presence of the UE, by performing sequence detection or by power measurements (such as EPRE measurements) of the PRACH transmission from the UE. Similar can be considered for NCR measurement of UE SRS resources. In such case, it is beneficial for the NCR to be able to provide a “forwarding request” indication (FRI) to the gNB, to request to switch from the OFF state to the ON state. Herein, “forwarding request” is similar to UE procedure for scheduling request (SR) that can be used, for example, for disrupting DRX or PDCCH skipping. It can be up to gNB how to handle such FRI, or certain rules can be considered in the specifications for handling FRI.
Proposal 24: Support NCR-initiated or NCR-assisted signaling, such as by providing a “forwarding request” indication (FRI) by the NCR-MT to the gNB to request for NCR-Fwd to go from OFF state to ON state.


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 25: 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.
Observation 1: The beam correspondence capability of C-link/backhaul-link is equivalent to the beam correspondence capability of NCR-MT.
Observation 2: With reference to “normal” UE capability, two beam correspondence capabilities of NCR-MT can be considered: (1) beam correspondence with uplink beam sweeping; (2) beam correspondence without uplink beam sweeping.
Observation 3: If simultaneous reception/transmission of C-link and backhaul link with different beams is allowed (without special handling), NCR is mandated to be equipped with two panels for simultaneous reception/transmission using different beams.
Observation 4: Both gNB and NCR should have common understanding on the ‘slots/symbols’ with DL receptions / UL transmissions in C-link within the ‘ON’ symbols/slots for NCR-Fwd. Otherwise, the ambiguity will have negative impact on both C-link and backhaul link.
Observation 5: 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 1: For backhaul link beam indication of NCR-Fwd,
· In the case that NCR-MT only supports beam correspondence with uplink beam sweeping:
· Support DL beam indication using TCI state ID and/or RS ID (e.g., SSB ID and/or CSI-RS ID)
· Support UL beam indication using SRS ID (e.g., SRI) or UL TCI state
· In the case that NCR-MT supports beam correspondence without uplink beam sweeping:
· Support joint UL/DL beam indication using TCI ID and/or RS ID (e.g., SSB ID and/or CSI-RS ID).
· FFS: which RRC-configured list of NCR-MT the TCI state ID or RS ID corresponds to.
Proposal 2: Support semi-static signaling (e.g., RRC and/or MAC-CE) for beam indication of backhaul link. At least one of the following options can be considered:
· Option-1. The beam of backhaul link is configured by RRC signaling.
· Option-2. The beam of backhaul link is activated by MAC-CE signaling from a set of beams configured for NCR-MT / C-link.
· Option-3. The beam of backhaul link is activated by MAC-CE signaling from a configured subset of beams dedicated to NCR-Fwd / backhaul link.
Proposal 3: If NCR-MT is configured with Rel-17 beam indication framework, the predefined rule is to use indicated UL/DL and/or joint TCI state of NCR-MT for the determination of UL/DL beam for backhaul link.
Proposal 4: If NCR-MT is configured with Rel-15 beam indication framework, support the following as the predefined rule for backhaul link beam determination:
· In the case that NCR-MT only supports beam correspondence with uplink beam sweeping,
· the activated TCI state with lowest ID for PDSCH reception is used for the determination of DL backhaul link beam;
· the spatial relation for dedicated PUCCH resource (e.g., with lowest ID) of NCR-MT is used for the determination of UL backhaul link beam;
· In the case that NCR-MT supports beam correspondence without uplink beam sweeping,
· the activated TCI state with lowest ID for PDSCH reception is used for determination of both DL and UL backhaul link beam.
Proposal 5: To avoid simultaneous DL receptions / UL transmissions in both C-link and backhaul link using different beams:
· The beam of backhaul link is the same as C-link on the set of symbols/slots with DL receptions / UL transmissions in C-link within the ‘ON’ symbols/slots for NCR-Fwd.
· The set of symbols/slots are for PDCCH monitoring, PDSCH with scheduling offset equal or greater than timeDurationForQCL, periodic CSI-RS, PUCCH, PUSCH, SRS.
Proposal 6: For the reception of PDSCH with scheduling offset less than timeDurationForQCL, NCR-MT applies the TCI state for NCR-Fwd in the ON symbols/slots for NCR-Fwd.
Proposal 7: Support explicit physical beam ID to identify the characteristics of a physical beam.
· Each physical beam supported by NCR-Fwd for access link has a unique physical beam ID as reported by NCR-MT.
Proposal 8: For associate logic beam index with physical beam, consider the following methods:
· #1. gNB adopts the physical beam ID provided by NCR as logic beam index;
· #2. gNB configures the association between logic beam index and physical beam ID.
Proposal 9: For semi-static and/or semi-persistent indication for access link beam, time domain resource is defined as the following:
· Starting time and duration per beam(s) is provided by slot index(es)
· Periodicity can be provided explicitly or implicitly
Proposal 10: Support RRC and/or MAC-CE signaling for semi-static and/or semi-persistent indication for access link beam.
Proposal 11: For dynamic indication for access link beam, support the following:
· Starting time is defined by slot offset and/or starting symbol
· The reference slot is the slot for DCI or the slot after beam application time 
· Duration is defined by the number of symbols/slots
Proposal 12: Support a new DCI format for dynamic indication for access link beam.
Proposal 13: For the SCS for time domain resource for access link beam, support explicit SCS as the baseline method.
· The SCS is provided for the time domain resource per beam
Proposal 14: Support dynamic beam indication to override semi-static and/or semi-persistent beam indication as baseline.
· FFS: Exception rule for the overriding. E.g., semi-static and/or semi-persistent time domain resource can be indicated with ‘high priority’ to be exempt from overriding.
Proposal 15: For dynamic indication for single access link beam or multiple TDMed access link beams, support separate fields for beam indication and time domain resource indication.
Proposal 16: For access link beam indication, support many-on-one mapping between beam index and a time domain resource.
Proposal 17: Support RB-group-specific beam indication, i.e., indication of the form {beam index(es), time domain resource, frequency domain resource}.
Proposal 18: On flexible symbols determined by the UL-DL TDD configuration for the NCR, support the option 3 (i.e., NCR-Fwd will follow a new dynamic side control signaling of DL/UL forwarding over these symbols to NCR-Fwd).
· FFS: separate or joint signaling of beamforming information and DL/UL link direction information.
Proposal 19: For the ON/OFF information indication, support Alt-2 (i.e., beam indication) to indicate the ON state of NCR.
Proposal 20: Support beam indication using special beam index (e.g., 0) to indicate the ON state of NCR in FR1.
Proposal 21: Support dynamic OFF indication via unified signaling design with access beam indication using special beam index (e.g., -1) to indicate the OFF state of NCR-Fwd.
Proposal 22: Further study the relationship between ON-OFF state of NCR-Fwd and operation modes/states of NCR-MT, such as:
· when NCR-MT is in RRC_IDLE state or RRC_INACTIVE state (if supported) or outside DRX-Active time of RRC_CONNECTED state; or
· when NCR-MT determines radio link failure (RLF) or beam failure for the C-link.
Proposal 23: Support RB-group-specific ON-OFF indication.
Proposal 24: Support NCR-initiated or NCR-assisted signaling, such as by providing a “forwarding request” indication (FRI) by the NCR-MT to the gNB to request for NCR-Fwd to go from OFF state to ON state.
Proposal 25: 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.
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