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Introduction
During the RAN1#111 meeting, RAN1 agreed on the following [1]–[5]:Agreement: The following is supported to deliver the information to characterize the supported physical beam of NCR-Fwd for access link: Option-2: The information is informed to gNB and NCR via OAM.
· Note-1: In this option, how to characterize the beam information is based on implementation (e.g., declaration from NCR vendor).
· Note-2: In this option, the beam(s) used by NCR-Fwd for access link is configured for gNB and NCR by OAM based on implementation. 
· The beam index in SCI	 corresponds to the configured beam(s) sequentially.

Agreement: For FR2, the “ON” state of NCR-Fwd is indicated:
· Alt-2: Implicit indication via the beam indication (i.e., if there is beam indication, the NCR is assumed to be ON over the indicated time domain resource associated with corresponding beam(s)).

Agreement: For FR1, the “ON” state of NCR-Fwd is indicated:
· Alt-2: Indication via the beam indication (i.e., if there is beam indication, the NCR is assumed to be ON over the indicated time domain resource associated with corresponding beam(s)).
· When there is only one beam, the sole purpose of the beam indication is to indicate “ON” state of NCR-Fwd.

Agreement: The semi-static beam indication for backhaul link is supported as:
· If the beam indication framework in Rel-15 is used for NCR-MT.
· The DL beam is indicated by MAC CE to select one of TCI state ID from the RRC-configured list of beams for C-link.
· The UL beam is indicated by SRI on C-link via MAC CE.
· If the beam indication framework in Rel-17 is used for NCR-MT.
· The DL and UL beam are indicated by MAC CE to select one of TCI state ID from the RRC-configured list of beams for C-link.

Conclusion: For the flexible symbol based on the semi-static configuration (e.g., TDD-UL-DL-ConfigCommon, TDD-UL-DL-ConfigDedicated), the dynamic DL/UL operation of NCR-MT and NCR-Fwd is not supported in Rel-18.


Agreement: The following pre-defined rules are applied to determine the beam for the backhaul link:
· In the time domain resource with simultaneous downlink reception or uplink transmission in C-link and backhaul link, the beam of the backhaul link is the same as the beam of C-link regardless of whether there is a beam indicated by the dedicated signal for the backhaul link.
· In the time domain resource without simultaneous downlink reception or uplink transmission in C-link and backhaul link, if the NCR does not support capability with the new signaling for backhaul beam indication or if no beam is indicated for backhaul link by the dedicated signal, 
· When the Rel-15/16 beam indication framework is used for C-link, 
· The beam determined by QCL assumption for CORESET with the lowest ID and spatial relationship for PUCCH with the lowest PUCCH resource ID in the C-link is applied for the DL and UL of the backhaul link, respectively.
· When Rel-17 beam indication framework (i.e., unified TCI framework) is used for C-link, the indicated unified TCI for C-link DL and UL is applied for the DL and UL of backhaul link, respectively.
· Otherwise, the beam indicated by the dedicated signaling is applied for the backhaul link.

Agreement: For each periodic beam indication for the access link, one RRC signaling is used with the information defined by the following: Option-2: 
· A list of   forwarding resource, each is defined as {Beam index, time resource}.
· FFS: The value of .
Each time resource is defined by {Starting slot defined as the slot offset in one period, starting symbol defined by symbol offset within the slot, duration defined by the number of symbols} with the dedicated field.
· The periodicity is configured as part of the RRC signaling for periodic beam indication.
· The same periodicity is assumed for all time resource(s) in one periodic beam indication.
· The reference SCS is configured as part of the RRC signaling for periodic beam indication.
· The same reference SCS is assumed for all time resource(s) in one periodic beam indication.

Agreement: For each aperiodic beam indication for the access link, one DCI is used with the information defined by Option-1: 
·  fields are used to indicate the beam information, and each field refers to one beam index. 
· Note: The bitwidth of this field is determined by the number of beams used for the access link. 
·  fields to indicate the time resource.
· Note: A list of time resources is pre-defined by RRC signaling. The bitwidth of this field for time resource indication is determined by the length of the list. 
· FFS: The value of  
· Down-select between  or .
· FFS: How to define the association between time indication and beam indication.
Each time resource is defined by {Starting slot defined as the slot offset, starting symbol defined by symbol offset within the slot, duration defined by the number of symbols} with dedicated field.

This contribution discusses some of the open issues above and proposes how to address them.



Discussion
[bookmark: _Ref118544307]Beam information
Table 1 summarizes the current situation. In the subsection below, we discuss missing signaling.
[bookmark: _Ref127191338]Table 1. Current situation of beam indication signaling for NCR.
	Link
	Status

	C-link of NCR-MT
	Support of adaptive beam is optional. The Rel-15/16 or the Rel-17 beam indication framework is reused if supported. 

	Backhaul link of NCR-Fwd
	New MAC CE signaling is supported. The new signaling is optional. Default rules apply whenever the new signaling is not supported or fails to arrive. The default rules depend on whether the NCR uses the Rel-15/16 or the Rel-17 beam indication framework for C-link.

	Access link of NCR-Fwd
	Three time-domain behaviors have been agreed upon:
· Periodic beam indication via RRC signaling is supported, and details are agreed upon except for a parameter .
· Aperiodic beam indication via DCI signaling is supported; details are mainly agreed upon with one FFS point.
· Semi-persistent beam indication via RRC and MAC CE signaling is supported; details are to be discussed.



Periodic beam indication for access link
The following was agreed upon during the RAN1#111 meeting [1]:
Agreement: For each periodic beam indication for the access link, one RRC signaling is used with the information defined by the following: Option-2: 
· A list of   forwarding resource, each is defined as {Beam index, time resource}.
· FFS: The value of .
Each time resource is defined by {Starting slot defined as the slot offset in one period, starting symbol defined by symbol offset within the slot, duration defined by the number of symbols} with the dedicated field.
· The periodicity is configured as part of the RRC signaling for periodic beam indication.
· The same periodicity is assumed for all time resource(s) in one periodic beam indication.
· The reference SCS is configured as part of the RRC signaling for periodic beam indication.
The same reference SCS is assumed for all time resource(s) in one periodic beam indication.

RAN1 should decide on the maximum number of forwarding resources that can be included in a single RRC signaling, denoted by . Since the time-domain behavior of RRC signaling is “slow,” meaning that it occurs infrequently, there is no critical value of  that must not be exceeded. We, therefore, make the following observation and proposal.

Observation 1.  The value of  does not need to be particularly small since the associated RRC signaling occurs infrequently.

Proposal 1.  Select  large enough that it can accommodate all expected use cases involving periodic traffic with a common periodicity.

Aperiodic beam indication for access link
RAN1#111 meeting [1] agreed upon the following:
Agreement: For each aperiodic beam indication for the access link, one DCI is used with the information defined by Option-1: 
·  fields are used to indicate the beam information, and each field refers to one beam index. 
· Note: The bitwidth of this field is determined by the number of beams used for the access link. 
·  fields to indicate the time resource.
· Note: A list of time resources is pre-defined by RRC signaling. The bitwidth of this field for time resource indication is determined by the length of the list. 
· FFS: The value of  
· Down-select between  or .
· FFS: How to define the association between time indication and beam indication.
Each time resource is defined by {Starting slot defined as the slot offset, starting symbol defined by symbol offset within the slot, duration defined by the number of symbols} with dedicated field.

In principle, both cases  and  can be supported, i.e., we do not need to down-select. The association between time information fields and beam information fields can then be defined as follows:
1. If the NCR-MT detects a DCI containing , then, the th beam information field is associated with the th time information field, and thereby to one of the time resources pre-configured by RRC, for all ,.
2. If the NCR-MT detects a DCI containing   and , the  beam information fields are associated with the time information field, i.e., a many-to-one association. 

There are several possible ways to interpret the many-to-one association of case 2. The most straightforward is perhaps the following: Assume that RRC has pre-configured  time resources, indexed from  to . Furthermore, assume that the  time information field selects a time resource  such that . We then associate beam information field 1 with time resource , beam information field 2 with time resource , and so on.
However, other ways of specifying the many-to-one association of case 2 are possible, and companies might not readily agree on one such association. From this point of view, it might be advantageous to consider  as the baseline since it provides a straightforward association between beam indications and pre-configured time resources. We, therefore, propose the following.

Proposal 2.  Consider  as the baseline since it provides a straightforward association between DCI-signaled beam indices and RRC pre-configured time resources. Additionally,  can be adopted if companies agree on an association between beam indices and pre-configured time resources. In such a case, both  and  may be supported.

Another aspect to discuss is the value of . Given that PDCCH resources are scarce,  should be as small as possible while covering the most common use cases. Figure 1 shows a typical use case in which UL data transmissions occur through dynamic grants. The figure suggests at  should be at least two to allow for the DCI containing the UL grant and the PUSCH transmission itself.
Proposal 3.  The value  should be as small as possible, but at least two—to allow for joint indication of DCI UL grants and the associated PUSCH transmission.
[image: ]
[bookmark: _Ref127302888]Figure 1. PUSCH transmissions using a dynamic UL grant. Forwarding between the gNB and the UE must be activated twice in rapid succession: first for the DCI carrying the UL grant and then for the associated PUSCH transmission. In this example, the SR-carrying PUCCH has been forwarded by other mechanisms, such as a periodic configuration of beam indications. 

Semi-persistent beam indication for access link
For semi-persistent beam indication, two options dominated previous discussions. They are summarized in Proposal 1-1-A-3 below:
Proposal 1-1-A-3: For semi-persistent beam indication, one of following option is supported:
· Option-1: 
· A list of  beam indications is configured by one RRC signaling
· Each beam indication in the list corresponds to a list of  forwarding resources, each is defined as {Beam index, time resource}
· FFS: The value of , which refers to the maximum beams indicated in one indication.
· One MAC CE is used to select one of  beam indication from the list
· Option-2: 
· A list of  forwarding resources is configured by one RRC signaling, each is defined as {Beam index, time resource}
· One MAC CE is used to select  forwarding resource(s) from the list
· FFS: The value of , where  refers to the maximum beams indicated in one indication.

Let us now compare the merits of each option. We first notice that Option-1 encompasses Option-2: Option-1 defines a list of  beam indications, each such beam indication being a collection of  forwarding resources, while Option-2 defines a single beam indication comprising  forwarding resources. Thus, the information signaled via RRC with Option-2 can always be signaled using Option-1 by setting  and equating the ’s, in Option-1, and the ’s, in Option-2. Conversely, Option-2 also encompasses Option-1 in the sense that the  beam indications in Option-1 can be “flattened out” into  forwarding resources, which can be signaled using one RRC signaling of Option-2. Also, both options' signaling overheads appear roughly the same. Therefore, Option-1 and Option-2 are equivalent from an RRC signaling point of view.
Observation 2.  Option-1 and Option-2 are equivalent from an RRC-signaling point of view—a given amount of forwarding resources can be configured with both options with roughly the same amount of signaling overhead.

The situation is, however, more complicated when it comes to MAC CE signaling. This is because, with Option-1, MAC CE addresses a single beam indication, while with Option-2, it can address up to  forwarding resources. Option-1 is, therefore, convenient when the gNB has beforehand knowledge of the set of semi-persistent beam indications with which it will ever need to configure, one at a time, the NCR. On the other hand, if this knowledge is unavailable, Option-2 offers flexibility: An Option-2 MAC-CE can activate any combination of forwarding resources from a pre-configured set of forwarding resources, e.g., using a bitmap. By contrast, the same degree of flexibility would require a list of size  beam indications with Option-1. This may imply excessive signaling overhead even for small values of . It, therefore, appears that the down-selection between Option-1 and Option 2 should depend on the amount of required flexibility. 
Proposal 4.  Option-1 and Option-2 are not equivalent from a MAC CE-signaling point of view. Option-2 can create arbitrary beam indications from a pre-configured set of forwarding resources; the price is additional MAC CE signaling overhead. On the other hand, Option-1 cannot generate new beam indications on-the-fly, but it requires the least MAC CE signaling overhead.

As it has the potential to save signaling overhead, Option-1 may be considered the baseline; Option-2 is only selected if a need for flexibility can be motivated.
Proposal 5.  The selection between Option-1 and Option-2 shall be based on the amount of flexibility that NCR systems require. Therefore, option-1 can be considered the baseline; Option-2 may only be selected if a need for flexibility can be motivated.

Priority rules
The introduction of a priority rule to select between time-domain behaviors in a conflict among several beam indications arises was also brought up by some companies.
Proposal 1-1-A-4: For the priority rule of the beam indication among periodic, semi-persistent and aperiodic indication, one of following option is supported:
· Option-1: No conflict is expected on the beam indication from different types of indication.
· Option-2: If there is conflict among beam indication from different type of indication, the order of priority is defined as: Aperiodic beam indication > semi-persistent beam indication > periodic beam indication
· Option-3: If there is conflict among beam indication from different type of indication, the order of priority is defined as: Periodic beam indication > aperiodic beam indication > semi-persistent beam indication

In our view, we prefer Option-1. Since the gNB controls the NCR, it can avoid the conflicts above by appropriately configuring beam indications to the NCR; no additional rule is needed. 
Proposal 6.  Down-select Option-1; no conflict is expected on the beam indication from different (or the same) types of indications.

Moreover, we note that Option-2 and Option-3 only cover the case of conflicts among beam indications with different time-domain behavior; they do not cover conflicts among beam indications with the same time-domain behavior. But if one cannot trust the gNB to prevent the former type of conflict, why should one trust it to prevent the latter? It, therefore, follows that only Option-1 rules out conflicts completely, while Option-2 and Option-3 leave conflicts among beam indications with the same time-domain behavior unresolved.
Observation 3.  Option-2 and Option-3 leave unresolved conflicts among beam indications with the same time-domain behavior.

Reference of slot offsets of access link time resources
For the access link, RAN1#111 [1] defined time resources as a tuple {Starting slot defined as the slot offset in one period, starting symbol defined by symbol offset within the slot, duration defined by the number of symbols}, for periodic beam indications, and {Starting slot defined as the slot offset, starting symbol defined by symbol offset within the slot, duration defined by the number of symbols}, for aperiodic beam indications. RAN1#111 [1] did not define a time resource for semi-persistent beam indications, but we assume one of the above two definitions will be reused; we, therefore, do not discuss semi-persistent beam indications further.

For the first beam indication type, i.e., semi-persistent beam indication, the reference of the “slot offset” is clear: it is the start of each period. However, the situation is confusing for aperiodic beam indications since a reference is not provided. For aperiodic beam indications, we propose that the “slot offset” should be taken relative to the slot in which the DCI carrying the beam indication was received. If the DCI contains more than one time resource, for example, if  then the “slot offset” of the second time resource could be taken relative to the beginning of the first time resource, the “slot offset” of the third one relative to the beginning of the second one, and so on. Figure 2 illustrates this.

[image: ]
[bookmark: _Ref127363040]Figure 2. Aperiodic beam indication with . RRC has pre-configured three time resources, of which the beam indication selects . The slot offset in the first time resource is with respect to the slot containing the beam indication (i.e., containing the blue DCI in the figure); the slot offset in the second time resource is with respect to the beginning of the first time resource.

Proposal 7.  For aperiodic beam indications, define the slot offset of the first time resource with respect to the slot containing the beam indication. If , define the slot offset of the second time resource with respect to the beginning of the first time resource, and so on.

ON/OFF information
The following proposal was discussed in RAN1#111 [4][5]:Proposal 3-1-1-2: The dynamic indication of “OFF” is supported.


And this one is from RAN1#110bis-e [6]–[9]:
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 [10] 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.

We, therefore, make the following proposal:
Proposal 8.  The dynamic indication of “OFF” is supported in an explicit way.

[bookmark: _Hlk47387515]Conclusions
We made the following observations and proposals:
Observation 1.  The value of  does not need to be particularly small since the associated RRC signaling occurs infrequently.
Observation 2.  Option-1 and Option-2 are equivalent from an RRC-signaling point of view—a given amount of forwarding resources can be configured with both options with roughly the same amount of signaling overhead.
Observation 3.  Option-2 and Option-3 leave unresolved conflicts among beam indications with the same time-domain behavior.

Proposal 1.  Select  large enough that it can accommodate all expected use cases involving periodic traffic with a common periodicity.
Proposal 2.  Consider  as the baseline since it provides a straightforward association between DCI-signaled beam indices and RRC pre-configured time resources. Additionally,  can be adopted if companies agree on an association between beam indices and pre-configured time resources. In such a case, both  and  may be supported.
Proposal 3.  The value  should be as small as possible, but at least two—to allow for joint indication of DCI UL grants and the associated PUSCH transmission.
Proposal 4.  Option-1 and Option-2 are not equivalent from a MAC CE-signaling point of view. Option-2 can create arbitrary beam indications from a pre-configured set of forwarding resources; the price is additional MAC CE signaling overhead. On the other hand, Option-1 cannot generate new beam indications on-the-fly, but it requires the least MAC CE signaling overhead.
Proposal 5.  The selection between Option-1 and Option-2 shall be based on the amount of flexibility that NCR systems require. Therefore, option-1 can be considered the baseline; Option-2 may only be selected if a need for flexibility can be motivated.
Proposal 6.  Down-select Option-1; no conflict is expected on the beam indication from different (or the same) types of indications.
Proposal 7.  For aperiodic beam indications, define the slot offset of the first time resource with respect to the slot containing the beam indication. If , define the slot offset of the second time resource with respect to the beginning of the first time resource, and so on.
Proposal 8.  The dynamic indication of “OFF” is supported in an explicit way.
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