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Introduction
In RAN1#111 meeting, based on the modules defined in RAN1#109-e meeting [1] for network-controlled repeater (denoted as “NCR”), the detailed design for the side control information included in the WID was further discussed in RAN1#111 meeting, and some agreements were achieved [2], as shown as follows:
· Beamforming information
	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
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

Agreement
The following pre-defined rules are applied to determine the beam for backhaul link:
· In the time domain resource with simultaneous downlink reception or uplink transmission in C-link and backhaul link, the beam of backhaul link is the same as the beam of C-link regardless whether there is beam indicated by the dedicated signal for 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 signalling for backhaul beam indication or if no beam is indicated for backhaul link by the dedicated signal, 
· When 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 lowest PUCCH resource ID in the C-link is applied for the DL and UL of 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 signalling is applied for backhaul link.

Agreement
For each periodic beam indication for access link, one RRC signalling is used including the information defined by the following:
· A list of X () forwarding resource, each is defined as {Beam index, time resource}
· FFS: The value of , other details
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 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 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 access link. 
·  fields to indicate the time resource;
· Note: A list of time resource is pre-defined by RRC signalling. The bitwidth of this field for time resource indication is determined by the length of 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.


· ON-OFF information
	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 for indicating “ON” state of NCR-Fwd



· TDD information
	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.


In this contribution, we provide views on more details of beam indication and the related time domain resource indication for access link of network-controlled repeaters.
Discussion
Periodic beam indication
A list of forwarding resources for periodic access beam indication of NCR-Fwd was agreed in RAN1#111 meeting, and the forwarding resource was composed of beam index and time resource. For the time resource applied for each beam index, the detail information includes slot offset, start symbol within the first slot, and duration in terms of symbols. For all forwarding resources in the list, two additional common parameters are indicated together, which are period for determining the start slot within a period, and subcarrier spacing for determining the absolute time duration of a slot/symbol respectively.
Based on these progress made in the last meeting, one important thing left is to determine the maximum number of forwarding resources in the list. And the directly way is setting the maximum value equal to the maximum number of access beams, which is shared to the gNB via OAM, due to the stable and regular periodic behavior.
As we all known, beam with different beam width is applicable for different scenarios. For example, a more robust link requiring low quality is maintained by a wide beam due to a wider coverage is provided, and a higher throughput is achieved via a narrow beam due to a higher beam gain is provided. Furthermore, in general, the forwarding resources in a same periodic beam configuration are used for beam training of a same channel. Therefore we can introduce an additional parameter for the periodic beam indication, to reduce the signaling overhead corresponding to the beam index indication. For example, the additional parameter can be beam type or beam set. With this new parameter, the maximum forwarding resources for each periodic beam indication is reduced to the maximum number of beams under a given/configured beam width.
Based on the agreements of beam information in the last meeting, we known that both the information of physical beam supported by the NCR, and the beam used for access link of NCR are informed to gNB and NCR via OAM, and the detail characteristics of the beam are based on implementation. If beams with multiple beam width are supported, then, from our previous analysis, a high probability of beam sweeping among different beam widths will be expected. And the signaling of beam index indication in periodic beam configuration based on the whole beam set will introduce unnecessary overhead. Therefore, beam width should be included in the beam configuration via OAM at least. As a result, a beam type should be indicated for the periodic beam indication, when more than one beam sets with different beam width are informed.
Moreover, in the past few meetings, beam indication associated with coverage area was proposed, by considering different beam set had different coverage area.  To combine these scenarios and scenarios with different beam widths with a general solution, beam set can be used to take place of beam width indicated for periodic beam indication. That is to say, several beam sets can be pre-configured/informed to gNB and NCR via OAM, according to the beam width, or coverage area, or something else. Then a beam set indication is included based on the more than one informed beam sets. For example, a beam set index is indicated for forwarding resource, wherein the relationship between beam set indexes and beam sets is pre-defined or pre-informed.
Proposal 1: Support the beam information informed or configured to gNB and NCR via OAM including a new parameter for beam width or beam set.
Proposal 2: Support the forwarding resource for periodic beam indication including beam width indication or beam set index.
Proposal 3: Support the maximum number of forwarding resources in a periodic beam indication being equal to the maximum number of beam under a configured beam width.
If beam width or beam set is indicated for forwarding resources, whether a common configuration for all the forwarding resources or separate configurations for each forwarding resource should be determined further. Take the application of periodic beam indication into consideration, a group of beams with same characteristics are used in general. Then, we propose to use a common configuration of beam width or beam set for the forwarding resources in the list of periodic beam indication, leading to a more efficient signalling overhead.
Proposal 4: Support a common beam width indication or beam set index is configured for the list of forwarding resources in a periodic beam indication.
If beam width is applied for the configuration, beam type classified into limited levels according to the absolute beam width can be defined as an example of the indication parameters. The mapping relationship between the beam types and the physical beam widths is pre-defined by several thresholds as shown in the table1 as follow: 
Table 1 Mapping relationship between physical beam width and beam type
	Physical 3dB beam width
	Beam type

	BW<=BW0
	Level 0 / Narrow

	BW1<BW<=BW2
	Level 1 / Medium

	BW2<BW
	Level 2 / Wide


Wherein, {BW0, BW1, BW2} are pre-defined thresholds for determining the beam type, and BW is the physical 3dB beam width. By comparing the physical beam width with the thresholds shown in this mapping relationship, a unique beam type is determined.  Making use of the beam type for the related information and configuration, the beam is indicated accurately with significantly reduced signalling overhead.
Proposal 5: Support beam type determination and indication based on a mapping relationship between physical beam width and beam type.
If the number of beam types determined according to the mapping relationship for a given NCR is 1, for example, all the supported beam width is less than BW0, then the corresponding beam type information and configuration is omitted. In this case, the beam set including all the beams with narrowest beam width supported by the NCR, can be defined as a default configuration, and it’s applied for beam determination when beam type or beam set index isn’t configured or the configuration is invalid.
Proposal 6: Support the default beam set for beam index indicated by periodic beam indication is the set composed of all the beams with narrowest beam width, and the default beam set is applied when beam type or beam set index isn’t configured or the configuration is invalid.
Aperiodic beam indication
For aperiodic beam indication, the similar contents as periodic beam indication was agreed in the last meeting, which includes  beam index indication fields and  time domain resource indication fields. And for the time domain resource indication, a resource list similar as TDRA table for PDSCH/PUSCH resource allocation is configured via RRC signalling. The remaining aspects are determining the maximum value of  and the association between indicated  beam indexes and  time domain resources.
A) Additional contents of aperiodic beam indication
Before we discuss these aspects, we will pay a little attention on the enhancement of contents included in the aperiodic beam indication. First of all, a more efficient table for time domain resources indication is proposed, which includes the definition of each time domain resource and indication of list of time domain resources:
1) For each time domain resource: Number of slot for duration indication of time domain resource should be included together with number of symbols for the last slot as illustrated in Figure 1. Aperiodic beam indication is used for data transmission generally, then the time duration of a beam may across multiple slots due to a framework of Rel-17 supports multiple PDSCH/PUSCH scheduling. If only number of symbols is defined for time duration of the resource, an additional operation is needed for NCR to determine the resource, for example, determining the number of slots according to the CP type is necessary. And as an condition, the CP type must be indicated to NCR also. However, this operation can be avoid if number of slots and the number of symbols within the last slot are indicated separately..
[image: ]
Figure 1. Parameters for consecutive application time indication for an access beam of NCR-Fwd
2) For list of time domain resources in a row: Gap between two adjacent time domain resource should be used to indicate the first slot for all the time domain resource except the first one, just as demonstrated in Figure 2. If slot offsets corresponding to the slot carrier the signaling are used for multiple time domain resource indication, a high pressure on the RRC signaling overhead will be introduced, due to value of the slot offset increases with the number of time domain resources, and also the time duration of each time domain resource,. So, making use of the much smaller value range of the gap between two adjacent time domain resources, and taking the place of slot offset by the gap saves a large overhead on signaling.


Figure 2. Parameters for multiple time domain resources indication for an access beam of NCR-Fwd

Proposal 7: Number of slot should be used together with number of symbols in the last slot for a time domain resource in time domain resource allocation table signalled via RRC.
Proposal 8: A gap between two adjacent time domain resources in the row of TDRA-like table can be used to take place of slot offset for the start slot indication of all the time domain resources except the first one.
Similar as the analysis for periodic beam indication, if the indicated beam index is corresponding to all the physical beams configured/informed, then a large payload  of aperiodic beam indication is introduced, and it increases with the number of access beams supported by NCR. Moreover, a large payload creates too much limitation to design the DCI format for beam indication. So we propose to indicate a beam type or beam set index too, just as the definition in periodic beam indication, to reduce the payload for each beam index by reducing the size of beam set corresponding to the indicated beam index.
Proposal 9: Indicating beam type or beam set for each aperiodic beam indication can reduce the payload.
To make sure the signalling overhead can be saved, the beam type or beam set indication can’t be indicated separately for each beam index in a same signalling. Hence, for the case that the beam type or beam set is a long term parameters, the directly solution for aperiodic beam indication carried by DCI, is to indicate the beam type or beam set via RRC or MAC-CE signalling or combined. For example, several beam sets are pre-configured for aperiodic beam indication, then MAC-CE activates one according to the scheduling scenarios. And for the case that beam type needs dynamically indicated via DCI, one solution is applying a common indication for all the beam indexes indicated by the same DCI. For example, when multiple beam indexes are indicated to provide service of a group of UEs with similar range or within a same coverage area, a same beam type or beam set works. Based on these indication via RRC or MAC-CE or DCI or combined, the size of residue set for dynamic beam indication is smaller, and a small payload is achieved.
Proposal 10: Beam type or beam set index for aperiodic beam indication can be indicated via RRC or MAC-CE or DCI or combined.
Proposal 11: If beam type or beam set index is indicated via DCI, then the indicated beam type or beam set index is applied for all the beam indexes indicated by the same DCI.
B) Association between beam index and time domain resource
According to different value for  and , the mapping relationship between beam index and time domain resource can be divided into the following types:
1) : One beam index is mapped to one time domain resource as shown in the Figure 3(a), and the actual number of the beam index fields is expected to be equal to the actual number of time domain resource fields. And to address the problem when different number of the two fields are indicated, some rules can be pre-defined:
a) : only the first  time domain resources and the beam indexes are valid, as illustrated in Figure 3(b). 
b) : The actual number of time domain resource is an integral multiple (larger than 1) of the actual number of beam index fields, then multiple time domain resource fields can be mapped to a same beam field in a circular or sequential method shown in Figure 4.
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(a)
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(b)
Figure 3 One time domain resource field is mapped to one beam index field when 
[image: ]
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Figure 4 Multiple time domain resource fields are mapped to one beam index field when 
2) : the mapping relationship can be further determined according to the number of time domain resources indicated by one time domain resource field
a) One filed indicates one time domain resources: repeated time domain resources based on the indicated one are applied to all the beam indexes sequentially, as shown in Figure 5 with slot-level repetition and symbol level repetition respectively. 
b) One filed indicates multiple time domain resources: one beam index is mapped to one time domain resource, and the number of time domain resource indicated by the related field is expected to equal to the number of real beam indexes. If the two numbers are different, then pre-defined rules descripted in case 1 can be taken as reference also. 
[image: ]
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Figure 5 Repeated time resources are applied when  and only one time domain resource is included
Both the two options listed here have pros and cons. The mapping relationship for  is so intuitive that independent configurations for each beam index ensures a flexible enough scheduling for the severing UE. For , the main advantage is the smaller payload of DCI, but the flexibility of scheduling is associated with the size/configuration of the TDRA-like table. 
Proposal 12: Both  and  can be applied for determining the mapping relationship between beam index fields and time domain resource fields. And  is slightly preferred due to the smaller payload. 

Conclusions
In this contribution, we discuss side control information of network-controlled repeaters, and have the following observations and proposals:

Proposal 1: Support the beam information informed or configured to gNB and NCR via OAM including a new parameter for beam width or beam set.
Proposal 2: Support the forwarding resource for periodic beam indication including beam width indication or beam set index.
[bookmark: _GoBack]Proposal 3: Support the maximum number of forwarding resources in a periodic beam indication being equal to the maximum number of beam under a configured beam width.
Proposal 4: Support a common beam width indication or beam set index is configured for the list of forwarding resources in a periodic beam indication.
Proposal 5: Support beam type determination and indication based on a mapping relationship between physical beam width and beam type.
Proposal 6: Support the default beam set for beam index indicated by periodic beam indication is the set composed of all the beams with narrowest beam width, and the default beam set is applied when beam type or beam set index isn’t configured or the configuration is invalid.
Proposal 7: Number of slot should be used together with number of symbols in the last slot for a time domain resource in time domain resource allocation table signalled via RRC.
Proposal 8: A gap between two adjacent time domain resources in the row of TDRA-like table can be used to take place of slot offset for the start slot indication of all the time domain resources except the first one.
Proposal 9: Indicating beam type or beam set for each aperiodic beam indication can reduce the payload.
Proposal 10: Beam type or beam set index for aperiodic beam indication can be indicated via RRC or MAC-CE or DCI or combined.
Proposal 11: If beam type or beam set index is indicated via DCI, then the indicated beam type or beam set index is applied to all the beam indexes indicated by the same DCI.
Proposal 12: Both  and  can be applied for determining the mapping relationship between beam index fields and time domain resource fields. And  is slightly preferred due to the smaller payload.
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