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Introduction
During the RAN1#110b-e meeting, RAN1 agreed on the following [1]–[4] :

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 the 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: 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 the same frequency resource

Agreement: Confirm the WA that in the access link, a DL beam and a UL beam which are correspondent with each other, have the same beam index.

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 the default capability
· Note-2: TDMed UL transmission of C-link and backhaul link is the default capability.
· FFS: How to define the capability for adaptive beam for C-link/backhaul-link

Conclusion: An NCR is not expected to perform forwarding in “OFF” state.

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.

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 an 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)

Agreement: If adaptive beams are adopted for C-link and backhaul link, new signaling is supported to indicate a beam(s) used for the backhaul link from the set of beams for the 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 the 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 the ON/OFF information indication, at least one of the 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 this contribution, we suggest changes to the standard to support the necessary side control information (SCI) for controlling the NCR-Fwd, namely, beamforming, ON/OFF information, and related signaling. 



NCR model and assumptions
A model of an NCR is given in TR 38.867 [3]. For convenience, we reproduce this model in Figure 1. 
[image: ]
[bookmark: _Ref115354458]Figure 1. Model of NCR as captured in TR 38.867.

In this contribution, we focus on the case where the NCR-MT and the NCR-Fwd operate in the same frequency range, and at least one of the NCR-MT’s carrier(s) is within the set of carriers forwarded by the NCR-Fwd. The discussion of other possible cases, such as when at least some of the NCR-MT’s carriers and the set of carriers forwarded by the NCR-Fwd, are at least partially in different frequency ranges or bandwidth parts, can be postponed to future releases.

NCR-Fwd model
One can entertain the model of Figure 2. What is pictured is the state of the NCR-Fwd. At each time instant , the NCR-Fwd state is completely specified by the quantities , , B-beam and A-beam. They reflect the side control information (SCI) agreed upon in the Rel-18 WID [2].
The granularity of the time index  can be slots, OFDM symbols, or whatever time-domain (TD) granularity is agreed upon by RAN-1. For our purpose, we shall assume that the index  runs over OFDM symbols. The period  represents the time span that NCR-Fwd can “see:” NCR-Fwd time wraps around modulo . We assume that  is large enough so that new SCI indications do not overlap with old but not-yet-executed SCI indications. The exact value of  is irrelevant to our discussion. In the frequency domain (FD), we assume that the NCR-Fwd forwards signals within a specific band (or bandwidth part, carrier, and so on), which, once configured, does not change. The quantity  represents the number of TCI states of the NCR-MT C-link. The network configures these and, as agreed in earlier discussions [1]–[4]  [5][6], they are eligible for the NCR-Fwd backhaul link. Last, the quantity  represents the number of beams available to the NCR-Fwd access link—see Sec. 3.1; this number does not exist in legacy specs and needs to be agreed upon between the network and the NCR, e.g., by signaling or by a pre-defined rule. 
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[bookmark: _Ref115348627]Figure 2. Model of NCR-Fwd function unit.

With the above, the network’s job is to ensure that the NCR-Fwd state is correctly defined at all times. This is accomplished by sending SCI indications to the NCR-MT or enforcing pre-defined rules. Valid states are , regardless of tion, - and -, in which case the NCR-Fwd does not forward any signal, and , in which case the behavior of the NCR-Fwd is dictated by the configured values of tion, - and -. If at any time  any of the quantities , tion, - and - has not been configured, the behavior of the NCR-Fwd is as if . 
In the following, we provide our views on the detailed design of the NCR-Fwd state, the associated SCI, and the NCR behavior.



Discussion
[bookmark: _Ref118544307]Beam information
First, we look at the type of beam information that is needed. As of RAN1#110b-e, companies have agreed that the NCR-Fwd should implicitly or explicitly indicate the number of physical beams it supports and their spatial relationship. In addition, other types of information, such as the beam type, the beam’s direction, a beam identifier (ID), and information about coverage areas, have been proposed for discussion. The following RAN1#110b-e agreement summarizes this: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 the 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) 


We note that the information types listed in the agreement above overlap. In particular, we understand that if the width and direction of each beam are indicated, then the layout of the beams follows, and a separate indication is not needed. Similarly, it is not immediately apparent to us why information about coverage areas is required in addition to the beam layout—or, equivalently, the width and direction of each beam. In other words, there is redundancy in the agreement, and not all the information types need to be signaled. Taking this into account, we next discuss several options for signaling access link information.

Option A
The beam information is signaled as an AccessBeamInfoList list. Each element in the list is of type AccessBeamInfo and describes one beam. It contains the following information fields:
· AzimuthBoresight  degrees; other resolutions are possible.
· AzimuthBeamWidth3dB  degrees; other ranges of values, resolutions, or definitions of beam width are possible.
· ElevationBoresight  degrees; other resolutions are possible.
· ElevationBeamWidth3dB  degrees; other ranges of values, resolutions, or definitions of beam width are possible.
[image: ]
Figure 3. Option A: a list AccessBeamInfoList of AccessBeamInfo elements.

With option A, the number of available physical beams equals the length of the AccessBeamInfoList list. Moreover, the spatial relationship between the beams and the beam type—narrow or wide—can be inferred from the information in AccessBeamInfoList; they are not signaled. Put differently, option A relies on implicit signaling of the number of available physical beams, spatial relationships, and beam types. Moreover, the beam ID can correspond to the position of a beam in the list. Finally, we note that elevation information might not be required for all deployments of NCR. Therefore, the fields ElevationBoresight and ElevationBeamWidth3dB of AccessBeamInfo may be optional.

Options B1 and B2
While beams typically point toward different directions, their beam widths are usually the same or, at most, belong to one of a few possible beam width classes. For example, the beam width classes could correspond to the set . Using a short field to indicate the beam width class, rather than a numeric value, as in Option A, may be convenient. For example, if only two beam width classes are possible, such as , then a one-bit flag suffices. Figure 4 illustrates Option B1. 
[image: ]
[bookmark: _Ref118301939]Figure 4. Option B1: a list AccessBeamInfoList of AccessBeamInfo elements and explicit beam width class indicators.

In general, the indicator field BeamWidthClass needs to be -bits wide. Of course, variations are possible. For example, as illustrated in Figure 5, class belonging can be signaled implicitly.
One should interpret Figure 5 in the following way: 
· The first AccessBeamWidthClassList[1].NumberOfBeams beams belong to the first class.
· The next AccessBeamWidthClassList[2].NumberOfBeams beams belong to the second class. And so on.
Further, the number of elements in AccessBeamInfoList must equal the sum of all of the NumberOfBeams fields.

[image: ]
[bookmark: _Ref118303691]Figure 5. Option B2: a list AccessBeamInfoList of AccessBeamInfo elements and implicit beam width class indicators.

Options A, B1, and B2 use a single index space for all the beam types. But one can use separate index spaces for different beam types. We next consider this case.
Option C
For illustration, let’s consider two beam classes: a wide beam class and a narrow beam one. Also, let’s assume we are not interested in each beam’s boresight directions and precise beam width but only in the spatial relationships between the beams. In other words, we want to know which narrow beams a wide beam covers. Indeed, this level of knowledge ought to be sufficient for beam management of the NCR-Fwd link.
One can define a rule to associate a narrow beam with a wide one. For example, the -th narrow beam, NumberOfNarrowBeams may be associated with the -th wide beam, where  is given by the rule
[bookmark: _Ref118365567]. 	 	                         (Equation 1)

Given the above assumption, the only pieces of information the NCR needs to signal to the network are NumberOfNarrowBeams and NumberOfNarrowBeamsPerWideBeam. Figure 6 illustrates the spatial relationships emanating from Equation 1. Note that Figure 6 is conceptual and does not describe the beams’ actual boresight directions or widths.
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[bookmark: _Ref118365678]Figure 6. Option C: NCR signals NumberOfNarrowBeams and NumberOfNarrowBeamsPerWideBeam. Numbers represent indices of narrow beams. The associated wide beam index is given by Equation 1.

The beam ID has a variable length, depending on whether it selects narrow or wide beams. Additionally, an index space selector is needed. In our example, only one bit is required—to choose between wide and narrow beams. If a narrow beam is being indexed, the index space selector is followed by five bits—to choose one out of twenty-four narrow beams. If a wide beam is being indexed, we need only two bits. Alternatively, we can arrange the narrow beam index space hierarchically, as shown in Figure 7.

[image: ]
[bookmark: _Ref118372766]Figure 7. Beam ID with index space selector: Option C1) flat, Option C2) hierarchical.

We next look into some criteria to help us select between the above options.
Amount of configuration information
We note that the NCR-Fwd sends information about the physical beams supported by NCR-Fwd for the access link to the network only once: during the initial setup phase.
Therefore, the amount of information about the physical beams supported by NCR-Fwd for the access link communicated to the network is not a critical consideration. It follows that this cannot be a criterion for selecting different options.

Observation 1. [bookmark: _Ref118548734] The NCR-Fwd sends information about the physical beams supported by NCR-Fwd for the access link to the network only once: during the initial setup phase.

Proposal 1. [bookmark: _Ref118548966] The amount of information about the physical beams supported by NCR-Fwd for the access link communicated to the network is not a critical consideration. Therefore, it cannot be a criterion for selecting different options.

Bit-width of the beam ID
Since they are part of both semi-static and dynamic beam indications, a more relevant metric is the size of a beam ID. A related proposal discussed during RAN1#110b-e but not agreed upon is the following:

Updated Proposal 1-1-2_v2: One of the following options is supported to define the association between beam index and the physical beam supported by NCR-Fwd for access link:
· Option-1: All beams are indexed regardless of the beam type for each beam
· Option-2: Beams are independently indexed per beam type(i.e., all narrow/wide beams belonging to the same type are indexed sequentially)
· Option-3: Beams are hierarchically indexed according to the spatial relationship between different beam types (i.e., narrow beams associated with the same wide beam are sequentially indexed, and different wide beams are sequentially indexed)
FFS: Whether/How the beam is defined.

Table 1 summarizes the bit-width of the beam ID field for the different options we have considered. Recall that for Options C1 and C2, this size is variable and depends on a couple of factors:
a. Sometimes, it is possible to implicitly determine the value of IndexSpaceSelector, e.g., from the message type or format. For example, beam indications carried via RRC messages are usually related to slow processes, such as forwarding SSB beams, which likely use wide beams. Hence, the IndexSpaceSelector field might be dropped in RRC-born beam indications. This consideration applies to options C1 and C2.
b. The number of wide beams is typically smaller or much smaller than the number of narrow beams. Hence, some bits can be saved for signaling the beam ID when the IndexSpaceSelector field selects a wide beam—implicitly or explicitly.

[bookmark: _Ref118378232]Table 1. Beam ID size for the different proposed options.
	Proposal 1-1-1_v2
	Previous sections
	Spatial information
	Beam ID size

	Option-1
	Option A
	Beam direction and width 
	

	
	Option B1
	Beam direction and width
	

	
	Option B2
	Beam direction and width
	

	Option-2
	Option C1
	Spatial relationship
	

	Option-3
	Option C2
	Spatial relationship
	



Figure 8 puts the formulas in Table 1 to word for the cases of  wide beams and 4, 6, or 8 narrow beams per wide beam. Options A, B1, and B2 (thus, option-1 of updated proposal 1-1-1_v2) enjoy a more favorable worst-case than options C1 and C2 (thus, option-2 and -3, respectively, of updated proposal 1-1-1_v2). However, the latter sport significant bit-width reductions when circumstances permit saving outline in bullets a and b above—the former have a fixed bit-width. If one assumes that dynamic beam indications occur more often than semi-static ones and that both wide and narrow beams can be dynamically indicated, it then follows that one of options A, B1, and B2 (thus, option-1 of updated proposal 1-1-1_v2), should be selected.



[image: ]
[bookmark: _Ref118461976]Figure 8. Bit-width of the beam ID according to of options in  Table 1 for various values of NumberOfWideBeams and NumberOfNarrowBeamsPerWideBeam.

We make the following observations:
Observation 2. [bookmark: _Ref118548763] If dynamic beam indications occur more often than semi-static ones and wide and narrow beams can be dynamically indicated, option-1 of updated proposal 1-1-1_v2 should be selected. That is, all beams share the same index space regardless of the type of each beam.
Observation 3. [bookmark: _Ref118548787] If semi-static beam indications occur more often than semi-static ones and only wide beams can be semi-statically indicated, option-2 or option-3 of updated proposal 1-1-1_v2 should be selected: Either different beam types use separate index spaces, or beams are indexed hierarchically based on beam types.

We also note that the indexing system, i.e., the association between beam indices and the physical beams in updated proposal 1-1-2_v2, and the information used to characterize the physical beams are two separate topics. For example, one could signal boresight and beam width information according to options A, B1, and B2 above, while still indexing the physical beams according to options 2 and 3 of updated proposal 1-1-2_v2. On the other hand, one could signal only the spatial relationships of the physical beams according to options C1 and C2 above but index the physical beams according to option 1 of the updated proposal 1-1-2_v2.
Observation 4. [bookmark: _Ref118548814] Information about their number and spatial properties is used to characterize the physical beams of the NCR-Fwd access link. However, the spatial properties of the beams can be described either by providing their boresights and beam widths or by defining the spatial relationships between beam types, the latter being notably simpler.
Proposal 2. [bookmark: _Ref118548987] To describe the spatial properties of the physical beams of the NCR-Fwd access link, decide between providing their boresights and beam widths or defining the spatial relationships between beam types.


On the question of whether/how to deliver the information to characterize the beams of the NCR-Fwd access link, we note that some schemes for signaling beam information are already available in 3GPP, e.g., in TS 37.355 [7]. We provide a summary in Sec. 7.1.

Observation 5. [bookmark: _Ref118548834] To signal the spatial properties of the physical beams of its access link, the NCR-Fwd may use some (or part of) the information elements in TS 37.355.

Finally, if the boresight directions of the physical beams are signaled, then the network needs to be able to translate these directions into a global coordinate system (GCS). The LCS-GCS-TranslationParameter information element (IE) in TS 37.355 [7] serves this purpose.

[image: ]
Figure 9. The LCS-GCS-TranslationParameter IE in TS 37.355.

Observation 6. [bookmark: _Ref118548848] If the NCR-Fwd signals the boresight directions of the access link’s physical beams, then the network needs to translate these directions into a global coordinate system (GCS). The LCS-GCS-TranslationParameter information element (IE) in TS 37.355 serves this purpose

Initial NCR configuration and beam index remapping
Based on RAN1#110b-e agreements and TR 38.867 [6], the initial NCR configuration sequence of Figure 9 emerges.

The sequence comprises the following steps:

· SSB scan and connection to gNB, performed by the NCR-MT;
· NCR-MT initial configuration, including TimingAdvance, TDD-UL-DL-Config, and C-link TCI states performed by gNB. This step sets up the NCR’s control link (C-link). Companies have agreed to reuse TimingAdvance, TDD-UL-DL-Config, and C-link TCI states for the backhaul link. 
· NCR capability signaling, including access link beam information. This includes the messaging discussed earlier in this section, such as the proposed AccessBeamInfo message. The NCR-MT performs this step.
· Beam selection of NCR-Fwd access and backhaul links. Based on configured C-link TCI states and received AccessBeamInfo, the gNB can select one or more beams for the NCR-Fwd. For example, one or more beams can be selected for forwarding periodic channels, such as PBCH and PRACH channels; one or more beams can be selected for delivering UE-specific channels, such as PDSCH and PUSCH channels.

After the initial NCR configuration sequence has been completed, the gNB and UEs served by the NCR can exchange UL and DL messages.

[image: ]
[bookmark: _Ref118382377]Figure 10. Example of initial NCR configuration sequence.

Last, we address the issue of index remapping. In some cases, it might be so that the number of physical beams reported by the NCR-Fwd for the access link is not convenient. For example, suppose the NCR-Fwd reports many access beams, but the network wishes to use only a subset of them. Then the bit-width of the beam ID becomes unnecessarily large. To address this situation, the network might want to remap the beam IDs of the reported physical beams to a smaller index space. We, therefore, make the following proposal:

Proposal 3. [bookmark: _Ref118549017] Companies should study ways of remapping the beam IDs of physical beams reported by the NCR-Fwd for the access link. For example, the network can select a subset of the physical beams and map them to an index space smaller than the original.


ON/OFF information
The following agreement requires consideration of several alternatives:Agreement: For the ON/OFF information indication, at least one of the 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)


Discussions of ON/OFF information also relate to the following RAN1#110b-e proposal, although companies did not reach an agreement:
Updated Proposal 2-1-A: For the ON/OFF information indication:
· At least the dynamic indication of OFF is supported in an explicit way (e.g., a dedicated field to indicate the OFF state)

We first note that TR 38.867 recommends both dynamic and semi-static beam indications for the access link; see [3] Sec. 7.1.1. In particular, the network may configure some beams for the periodic forwarding of SSBs, e.g., by RRC messages. Then, one can reason as follows:
· To temporarily stop the periodic forwarding of channels and signals, the network may send, in an explicit way, a dynamic indication of the OFF state.
· To re-activate a temporarily stopped periodic forwarding of channels and signals, the network may send, in an explicit way, a dynamic indication of the ON state.

Similarly, the network may use dynamic indications to configure UE-specific channels and signals, such as UE-specific traffic carried over PDSCH and PUSCH packets. We see that in this case:
· The network may advantageously use a beam indication or a time domain (TD) resource indication to signal, in an implicit way, a dynamic indication of the ON state.

Last, the network may configure some beams using semi-static beam indications. To activate or deactivate the forwarding of channels and signals via semi-statically configured beams, the network can send MAC CE messages to the NCR-MT. However, MAC CE messages add to the signaling overhead between the network and the NCR, occupying valuable resources that may instead be used to convey user data. Therefore, one may consider ON/OFF activity patterns to reduce the signaling overhead of MAC CEs, especially when (de)activations of semi-statically configured beams occur periodically. 
Figure 10 shows an ON/OFF activity pattern superimposed with a DL/UL TDD pattern. In this example, the activity pattern has a transmission periodicity of eight slots, while a four-slot long UL/DL TDD pattern has been configured. When the activity pattern is applied, the resulting UL/DL TDD pattern becomes eight-slot long, during two of which the NCR-RU is switched OFF—indicated by dashes.

[image: ]
[bookmark: _Ref118451281]Figure 11. Composition of an ON/OFF pattern, or ON/OFF activity pattern, and a UL/DL TDD pattern.

Based on the above discussion, we observe and propose the following:
Observation 7. [bookmark: _Ref118452839] The network may use explicit dynamic indications of ON and OFF states to activate or deactivate periodically configured beams of the NCR-Fwd access link.
Observation 8. [bookmark: _Ref118452965] The network may use explicitly configured ON/OFF activity patterns to activate or deactivate semi-statically configured beams of the NCR-Fwd access link.
Observation 9. [bookmark: _Ref118452989] The network may use dynamic beam and time-domain resource indications to indicate an ON state implicitly.

Proposal 4. [bookmark: _Ref118453023] For the ON/OFF information indication, support explicit dynamic indication of the OFF state of NCR, e.g., a dedicated field to indicate the OFF state.
Proposal 5. [bookmark: _Ref118453053] For the ON/OFF information indication, support the indication of the ON state of NCR in the following ways: 
· Explicit, dynamic indication, e.g., a dedicated field to indicate the ON state.
· Implicit, dynamic indication via beam and time-domain resource indications.
[bookmark: _Hlk47387515]
Conclusions
We made the following observations and proposals:
Observation 1. The NCR-Fwd sends information about the physical beams supported by NCR-Fwd for the access link to the network only once: during the initial setup phase.
Observation 2. If dynamic beam indications occur more often than semi-static ones and wide and narrow beams can be dynamically indicated, option-1 of updated proposal 1-1-1_v2 should be selected. That is, all beams share the same index space regardless of the type of each beam.
Observation 3. If semi-static beam indications occur more often than semi-static ones and only wide beams can be semi-statically indicated, option-2 or option-3 of updated proposal 1-1-1_v2 should be selected: Either different beam types use separate index spaces, or beams are indexed hierarchically based on beam types.
Observation 4. Information about their number and spatial properties is used to characterize the physical beams of the NCR-Fwd access link. However, the spatial properties of the beams can be described either by providing their boresights and beam widths or by defining the spatial relationships between beam types, the latter being notably simpler.
Observation 5. To signal the spatial properties of the physical beams of its access link, the NCR-Fwd may use some (or part of) the information elements in TS 37.355.
Observation 6. If the NCR-Fwd signals the boresight directions of the access link’s physical beams, then the network needs to translate these directions into a global coordinate system (GCS). The LCS-GCS-TranslationParameter information element (IE) in TS 37.355 serves this purpose.
Observation 7. The network may use explicit dynamic indications of ON and OFF states to activate or deactivate periodically configured beams of the NCR-Fwd access link.
Observation 8. The network may use explicitly configured ON/OFF activity patterns to activate or deactivate semi-statically configured beams of the NCR-Fwd access link.
Observation 9. The network may use dynamic beam and time-domain resource indications to indicate an ON state implicitly.

Proposal 1. The amount of information about the physical beams supported by NCR-Fwd for the access link communicated to the network is not a critical consideration. Therefore, it cannot be a criterion for selecting different options.
Proposal 2. To describe the spatial properties of the physical beams of the NCR-Fwd access link, decide between providing their boresights and beam widths or defining the spatial relationships between beam types.
Proposal 3. Companies should study ways of remapping the beam IDs of physical beams reported by the NCR-Fwd for the access link. For example, the network can select a subset of the physical beams and map them to an index space smaller than the original.
Proposal 4. For the ON/OFF information indication, support explicit dynamic indication of the OFF state of NCR, e.g., a dedicated field to indicate the OFF state.
Proposal 5. For the ON/OFF information indication, support the indication of the ON state of NCR in the following ways:
· Explicit, dynamic indication, e.g., a dedicated field to indicate the ON state.
· Implicit, dynamic indication via beam and time-domain resource indications.
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Appendix
[bookmark: _Ref118467746]Beam information-bearing information elements
The following IEs can be used to characterize the beams of the NCR-Fwd access link. 
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Figure 12. NR-DL-PRS-BeamAntennaInfo IE; see TS 37.355 [7].
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Figure 13. NR-DL-PRS-BeamInfo IE; see TS 37.355 [7].
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The Network-controlled repeater is modelled as Figure 5-1, which includes the NCR-MT and NCR-Fwd.

The NCR-MT is defined as a function entity to communicate with a gNB via a Control link (C-link) to enable exchange

of control information (e.g. side control information at least for the control of NCR-Fwd). The C-link is based on NR
Uu interface.

The NCR-Fwd is defined as a function entity to perform the amplify-and-forwarding of UL/DL RF signal between gNB

and UE via backhaul link and access link. The behavior of the NCR-Fwd will be controlled according to the received
side control information from gNB.
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Figure 5-1: Conceptual model of network-controlled repeater

Additionally, at least one of the NCR-MT's carrier(s) should operate in the frequency band forwarded by the NCR-Fwd.
And the NCR-MT and NCR-Fwd operating in the same frequency band is prioritized for the study.

As baseline, same large-scale properties of the channel, i.c., 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 are operating in
same frequency band).
For the transmission/reception of C-link and backhaul link by NCR,

- The DL of C-link and DL of backhaul link can be performed simultancously or in TDM way

- The UL of C-link and UL of backhaul link can be performed in TDM way.

The multiplexing is under the control of gNB with consideration for NCR capability and simultancous transmission of
the UL of C-link and UL of backhaul link is also subject to NCR capability
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- LCS-GCS-TranslationParameter

The IE LCS-GCS-TranslationParameter provides the angles o (bearing angle), B (downtilt angle) and y (slant angle) for
the translation of a Local Coordinate System (LCS) to a Global Coordinate System (GCS) as defined in TR 38.901 [44].

-- ASNISTART

LCS-GCS-TranslationParameter-rl6 SEQUENCE {
alpha-rl6 INTEGER (0..359),
alpha-fine-rl6 INTEGER OPTIONAL, -- Cond AzElFine
beta-rl6 INTEGER
beta-fine-rl6 INTEGER OPTIONAL, -- Cond AzElFine
gamma-r16 INTEGER

gamma-fine-rl6 INTEGER (0..9) OPTIONAL, -- Cond AzElFine
}

-- ASN1STOP
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NR-TRP-BeamAntennalnfo

The IE NR-TRP-BeamAntennalnfo is used by the location server to provide beam antenna information of the TRP.

-- ASN1START

NR-TRP-BeamAntennalInfo-rl7

NR-TRP-BeamAntennalInfoPerFreqlayer-rl7

SEQUENCE (SIZE (1..nrMaxFregLayers-rl6)) OF

NR-TRP-BeamAntennalInfoPerFreqlayer-rl7

SEQUENCE (SIZE (1..nrMaxTRPsPerFreg-rl6)) OF

NR-TRP-BeamAntennalnfoPerTRP-rl7

NR-TRP-BeamAntennaInfoPerTRP-rl7 ::= SEQUENCE {

d1-PRS-ID-rl7 INTEGER (0..255),

nr-PhysCellID-rl7 NR-PhysCellID-rl6 OPTIONAL,
nr-CellGlobalID-r17 NCGI-rl5 OPTIONAL,
nr-ARFCN-r17 ARFCN-ValueNR-rl5 OPTIONAL,
associated-DL-PRS-ID-rl7 INTEGER (0..255) OPTIONAL,
lcs-GCS-TranslationParameter-rl?7 LCS-GCS-TranslationParameter-rl6 OPTIONAL,
nr-TRP-BeamAntennaAngles-rl7 NR-TRP-BeamAntennaAngles-rl7 OPTIONAL,

}

NR-TRP-BeamAntennaAngles-rl7 :

SEQUENCE (SIZE(1..3600)) OF
NR-TRP-BeamAntennalInfoAzimuthElevation-rl7

NR-TRP-BeamAntennalInfoAzimuthElevation-rl7 SEQUENCE {
azimuth-rl7 INTEGER (0..359) OPTIONAL,
azimuth-fine-rl?7 INTEGER (0..9) OPTIONAL,
elevationList-rl7 SEQUENCE (SIZE(1..1801)) OF ElevationElement-R17,

}

ElevationElement-R17

}

SEQUENCE {

elevation-rl?7 INTEGER (0..180) OPTIONAL,
elevation-fine-rl7 INTEGER (0..9) OPTIONAL,
beamPowerList-rl7 SEQUENCE (SIZE (2..maxNumResourcesPerAngle-rl7)) OF

BeamPowerElement-rl7,

BeamPowerElement-rl7 SEQUENCE {
nr-dl-prs-ResourceSetID-rl7 NR-DL-PRS-ResourceSetID-rl6 OPTIONAL,
nr-dl-prs-ResourceID-rl7 NR-DL-PRS-ResourceID-rl6,
nr-dl-prs-RelativePower-rl7 INTEGER (0..30),
nr-dl-prs-RelativePowerFine-rl7 INTEGER (0..9) OPTIONAL,

}

-- ASN1STOP

Cond
Cond

Cond
Cond

Need

Need

Need ON
Need ON
Need ON
Need OP
Need OP
Need OP

Az
AzOpt

EL
Elopt
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- NR-DL-PRS-Beaminfo

The IE NR-DL-PRS-BeamlInfo is used by the location server to provide spatial direction information of the DL-PRS

Resources.

-- ASN1START

NR-DL-PRS-BeamInfo-rl6 :

NR-DL-PRS-BeamInfoPerFreqlayer-rl6

NR-DL-PRS-BeamInfoPerTRP-rl6 ::= SEQUENCE {

d1-PRS-ID-rl6

nr-PhysCellID-rl6
nr-CellGlobalID-r16

nr-ARFCN-r16
associated-DL-PRS-ID-rl6
lcs-GCS-TranslationParameter-rl6

d1-PRS-BeamInfoSet-r16

}

DL-PRS-BeamInfoSet-rl6

DL-PRS-BeamInfoResourceSet-rl6

DL-PRS-BeamInfoElement-r16
d1-PRS-Azimuth-rl6
d1-PRS-Azimuth-fine-rl6
d1-PRS-Elevation-rl6
d1-PRS-Elevation-fine-rl6

i

-- ASN1STOP

INTEGER (0..255),
NR-PhysCellID-rl6

NCGI-rl5

ARFCN-ValueNR-rl5
INTEGER (0..255)

SEQUENCE (SIZE (1..nrMaxFregLayers-rl6)) OF

NR-DL-PRS-BeamInfoPerFreqlayer-rl6

SEQUENCE (SIZE (1..nrMaxTRPsPerFreg-rl6)) OF

NR-DL-PRS-BeamInfoPerTRP-rl6

OPTIONAL, -- Need ON
OPTIONAL, Need ON
OPTIONAL, Need ON
OPTIONAL, Need OP

LCS-GCS-TranslationParameter-rl6

OPTIONAL,  -- Need OP

DL-PRS-BeamInfoSet-rl6 OPTIONAL, -- Need OP

SEQUENCE

SEQUENCE {

INTEGER
INTEGER
INTEGER
INTEGER

SEQUENCE (SIZE (1..nrMaxSetsPerTrpPerFreqlayer-rl6)) OF

DL-PRS-BeamInfoResourceSet-rl6

(SIZE(1..nrMaxResourcesPerSet-rl6)) OF

(0..359),
(0..9)
(0..180)
(0..9)

DL-PRS-BeamInfoElement-rl6

OPTIONAL,  -- Need ON
OPTIONAL, -- Need ON
OPTIONAL, -- Need ON




