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1. Introduction
In RAN#97-e meeting, a new WID on NR network-controlled repeaters was approved [1]. RAN1-led objectives are as follows.
	  The objectives of NR NCR WI follow the recommendations defined in TR 38.867 and will focus on scenarios and assumption listed below:
· Network-controlled repeaters are inband RF repeaters used for extension of network coverage on FR1 and FR2 bands based on the NCR model in TR38.867
· For only single hop stationary network-controlled repeaters
· The NCR is transparent to the UE.
· Network-controlled repeater can maintain the gNB-repeater link and repeater-UE link simultaneously
With these considerations, NR NCR supports the following features:

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


In this contribution, we discuss signaling and behavior of beamforming/TDD operation/ON-OFF indication of NW controlled repeater.
2. Discussion 
2.1 Beamforming at NCR-Fwd for backhaul link
For beamforming at NCR-Fwd for backhaul link, it was agreed during study item and captured in TR 38.867 [2] that following options can be considered.
· Option 1: The beam of backhaul link is indicated by a new signaling. The new signaling is dynamic signaling and/or semi-static signaling (e.g., RRC signaling/ MAC CE) indicating a beam(s) from the set of beams of the C-link. This does not imply that the beam of backhaul link is always indicated by the new signaling
· Option 2: The beam of backhaul link is determined by a pre-defined rule, e.g., in slots/symbols with simultaneous DL receptions / UL transmissions in both C-link and backhaul link, the beam of backhaul link is the same as the beam of C-link. Otherwise, the beam of backhaul link follows one of the beams of the C link.
As mentioned in TR, as baseline the same large-scale properties of the channel, i.e., channel properties in Type-A and Type-D (if applicable), are expected to be experienced by C-link and backhaul link. Thus, same beam can be used for C-link and backhaul link. Therefore, option2 is preferred, i.e., the beam of backhaul link can follow one of the beams of C-link. New signaling is not needed. 
With option2, in slots/symbols with simultaneous operation of C-link and backhaul link, the beam of backhaul link is the same as the beam of C-link. In slots/symbols with only backhaul link, details on how to determine a beam of C-link to be used for backhaul link need to be discussed. For beam management at NCR-MT for C-link, beam management framework for normal UE can be reused. For normal UE, in Rel-15/16, TCI state can be indicated per channel/RS, which is very flexible but also complex. In Rel-17, considering that gNB may indicate a same TCI state for most DL/UL channels/RSs, unified TCI framework was introduced for more efficient beam management. With Rel-17 unified TCI framework, the indicated unified TCI state can be applied to multiple DL/UL channels/RSs. For beam management at NCR-MT for C-link, the flexible beam management as Rel-15/16 UE may not be needed and Rel-17 unified TCI framework is more suitable and can be supported. With Rel-17 unified TCI framework used for C-link, in slots/symbols with only backhaul link, the indicated unified TCI for C-link can be used for backhaul link.
Proposal 1:  
·  Support Rel-17 unified TCI framework for beam management at NCR-MT for C-link.
Proposal 2:  
· For NCR-Fwd backhaul link beam indication, support option2, i.e., the beam of backhaul link is determined by a pre-defined rule.
· In slots/symbols with simultaneous operation in C-link and backhaul link, the beam of backhaul link is the same as the beam of C-link. 
· In slots/symbols with only backhaul link, when Rel-17 unified TCI framework is used for NCR-MT C-link, the indicated unified TCI for C-link can be used for backhaul link.

2.2 Beamforming at NCR-Fwd for access link
For beamforming at NCR-Fwd for access link, it was agreed that both semi-static and dynamic indication are recommended. Meanwhile, it was agreed that both slot-level and symbol-level granularity are recommended. For semi-static beam indication for NCR-Fwd at access link, a periodic beam pattern can be indicated via RRC signaling. For semi-static slot-level beam indication, following options can be considered.
· Option1: separate beam index is indicated for each slot in the periodicity.
· Option2: a beam index and its corresponding slot index in the periodicity are indicated.
If a beam indication is needed for every slot or most of the slots in the periodicity, option1 can be considered. On the other hand, if a beam indication is only needed for some slots in the periodicity, option2 is beneficial for saving signaling overhead.
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Figure1: semi-static slot-level NCR access link beam indication 

For a slot where different beam is needed for different symbol in the slot, symbol-level beam can be indicated. For semi-static symbol-level beam indication, following options can be considered.
· Option1: a slot index in the periodicity is indicated, and separate beam index is indicated for each symbol in the slot.
· Option2: a beam index and its corresponding slot index in the periodicity, with corresponding starting symbol and number of symbols in the slot are indicated.
Similar as slot-level beam indication, if a beam indication is needed for every symbol or most of the symbols in the slot, option1 can be considered. On the other hand, if a beam indication is only needed for some symbols e.g., a number of consecutive symbols in the slot, option2 is beneficial for saving signaling overhead.
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Figure2: semi-static symbol-level NCR access link beam indication 
Proposal 3:  
· For semi-static beam indication for NCR-Fwd at access link, a periodic beam pattern can be indicated via RRC signaling. 
· For slot-level beam indication, following options can be considered.
· Option1: separate beam index is indicated for each slot in the periodicity.
· Option2: a beam index and its corresponding slot index in the periodicity are indicated.
· For symbol-level beam indication, following options can be considered.
· Option1: a slot index in the periodicity is indicated, and separate beam index is indicated for each symbol in the slot.
· Option2: a beam index and its corresponding slot index in the periodicity, with corresponding starting symbol and number of symbols in the slot are indicated.
For dynamic beam indication for NCR-Fwd at access link, a beam and its corresponding time domain resources can be indicated via DCI and following options can be considered. 
· Option1: one beam index and its corresponding time resources are indicated.
· Option2: multiple beams and corresponding time domain resources of each beam are indicated.
To indicate the time domain resources, similar mechanism as PDSCH/PUSCH scheduling can be reused. With option1, to indicate the time domain resource, slot offset to the DCI, starting symbol, and number of symbols can be indicated. In addition, considering scheduling of PDSCH/PUSCH repetition or TBoMS of a UE, same beam may be used for multiple slots, thus, the number of slots can be indicated.
With option2, for each beam, the time domain resource can be indicated similar as option1, i.e., for each beam, its corresponding slot offset, starting symbol, number of symbols, and number of slots can be indicated.
Furthermore, to save DCI overhead, TDRA table similar as PDSCH/PUSCH scheduling can be configured via RRC, i.e., with option1, each row in the table can include slot offset, starting symbol, number of symbols, and number of slots, while with option2, each row in the table can include multiple sets of {slot offset, starting symbol, number of symbols, number of slots} for multiple beams. A row index can be indicated in DCI.
Between option1 and option2, option1 is more flexible, while option2 can be beneficial to save signaling overhead if gNB may decide scheduling and NCR access link beam to be used for several upcoming slots.
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Figure3. dynamic indication of NCR access link beam
Proposal 4: 
· For dynamic beam indication for NCR-Fwd at access link, beam index and corresponding time domain resources can be indicated via DCI. Following options can be considered.
· Option1: one beam index and its corresponding time resources are indicated. 
· To indicate the time domain resources, RRC signaling configures a table with each row including slot offset, starting symbol, number of consecutive symbols, and number of slots, and DCI indicates a row index.
· Option2: multiple beams and corresponding time domain resource of each beam are indicated. 
· To indicate the time domain resource, RRC configures a table with each row including multiple sets of {slot offset, starting symbol, number of consecutive symbols, number of slots} for multiple beams, and DCI indicates a row index.

2.3 ON-OFF information
For ON-OFF indication, it was agreed that following options can be considered.
· Option 1: Explicit indication with ON-OFF state (e.g., via dynamic or semi-static signalling) or ON-OFF pattern (e.g., periodic/semi-static ON-OFF pattern or new DRX-like pattern for ON-OFF)
· Option 2: Implicit indication via the signalling for other side-control information (e.g., beam, DL/UL configuration, or PC information). It should be noticed that this example does not imply that PC information is necessary or not.
When NCR access link beam is indicated, explicit indication of ON-OFF is not necessary. For example, if a time domain resource is indicated with an NCR access link beam, it can be regarded as ON, otherwise, it can be regarded as OFF. Details can be further discussed after the signaling of NCR beam indication is decided.
Proposal 5: 
· Support implicit ON-OFF indication via NCR access link beam indication. 
· For example, if a time domain resource is indicated with an NCR access link beam, it can be regarded as ON, otherwise, it can be regarded as OFF. 
· Details can be further discussed after the signaling of NCR beam indication is decided.
On the other hand, considering that NCR access link beam control may be optional, if NCR access link beam information is not indicated, explicit indication of ON-OFF will be needed. For explicit indication of ON-OFF, common signaling design as NCR access link beam indication can be considered. The options discussed above for NCR access link beam indication in section 2.2 can be reused with beam indication replaced by ON-OFF indication. Meanwhile, there are some differences between ON-OFF indication and beam indication that need to be considered. First, slot-level indication may be sufficient for ON-OFF, while symbol level indication may not be necessary. Second, it was agreed that NCR is expected to be OFF unless otherwise indicated, thus, only time domain resources corresponding to “ON” need to be indicated.
Proposal 6:  
· Support explicit ON-OFF indication in case NCR access link beam indication is not enabled.
Proposal 7: 
· For semi-static ON-OFF indication, a periodic pattern can be indicated via RRC. Following options can be considered.
· Option1: separate ON/OFF indicator is indicated for each slot in the periodicity.
· Option2: slot index in the periodicity corresponding to “ON” is indicated.
Proposal 8: 
· For dynamic ON-OFF indication, the time domain resources corresponding to “ON” can be indicated via DCI. Following options can be considered.
· Option1: To indicate the time domain resource, RRC configures a table with each row including slot offset, starting symbol, number of consecutive symbols, and number of slots, and DCI indicates a row index.
· Option2: To indicate the time domain resource, RRC configures a table with each row including multiple sets of {slot offset, starting symbol, number of consecutive symbols, number of slots} for multiple beams, and DCI indicates a row index.
2.4 TDD information
For TDD configuration of network controlled repeater, it was agreed that for flexible symbols based on the semi-static configuration, following options can be considered.
· 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. It means that no new side control signalling is needed.
· Option 3: The NCR-Fwd will follow a new dynamic side control signalling of DL/UL forwarding over these symbols to NCR-Fwd
From our perspective, dynamic TDD configuration can be beneficial since it is more flexible and can be supported. Meanwhile, we don’t see the need to indicate different UL/DL direction for NCR-MT and NCR-Fwd. Thus, option 2 is preferred, i.e., NCR-Fwd follows the TDD operation determined by NCR-MT and no new signaling is introduced. Furthermore, considering the case where flexible symbol may still exist after determination based on the dynamic TDD configuration for NCR-MT, option 1 can be applied, i.e., NCR-Fwd is OFF.
Proposal 9: 
· For flexible symbols based on semi-static configuration, the NCR-Fwd will follow the dynamic TDD configuration determined by NCR-MT, i.e., determined by NCR-MT based on the received SFI indication or scheduling from gNB. No new side control signalling is needed.
· For flexible symbols based on dynamic indication, the NCR-Fwd is expected to be OFF or not forwarding over these symbols.
2.5 Power information 
Power control information was discussed duration study item. However, specifying power information is not included in current WID. It is noted in the WID that power control aspect will be checked in RAN#98e. Before power control is agreed to be included in WID in RAN plenary, RAN1 may not need to discuss power aspect.

3. Conclusion
In this contribution, we discussed signaling and behavior of beamforming/TDD operation/ON-OFF indication of NW controlled repeater. Based on the discussion, we made following proposals.
Proposal 1:  
·  Support Rel-17 unified TCI framework for beam management at NCR-MT for C-link.
Proposal 2:  
· For NCR-Fwd backhaul link beam indication, support option2, i.e., the beam of backhaul link is determined by a pre-defined rule.
· In slots/symbols with simultaneous operation in C-link and backhaul link, the beam of backhaul link is the same as the beam of C-link. 
· In slots/symbols with only backhaul link, when Rel-17 unified TCI framework is used for NCR-MT C-link, the indicated unified TCI for C-link can be used for backhaul link.
Proposal 3:  
· For semi-static beam indication for NCR-Fwd at access link, a periodic beam pattern can be indicated via RRC signaling. 
· For slot-level beam indication, following options can be considered.
· Option1: separate beam index is indicated for each slot in the periodicity.
· Option2: a beam index and its corresponding slot index in the periodicity are indicated.
· For symbol-level beam indication, following options can be considered.
· Option1: a slot index in the periodicity is indicated, and separate beam index is indicated for each symbol in the slot.
· Option2: a beam index and its corresponding slot index in the periodicity, with corresponding starting symbol and number of symbols in the slot are indicated.
Proposal 4: 
· For dynamic beam indication for NCR-Fwd at access link, beam index and corresponding time domain resources can be indicated via DCI. Following options can be considered.
· Option1: one beam index and its corresponding time resources are indicated. 
· To indicate the time domain resources, RRC signaling configures a table with each row including slot offset, starting symbol, number of consecutive symbols, and number of slots, and DCI indicates a row index.
· Option2: multiple beams and corresponding time domain resource of each beam are indicated. 
· To indicate the time domain resource, RRC configures a table with each row including multiple sets of {slot offset, starting symbol, number of consecutive symbols, number of slots} for multiple beams, and DCI indicates a row index.
Proposal 5: 
· Support implicit ON-OFF indication via NCR access link beam indication. 
· For example, if a time domain resource is indicated with an NCR access link beam, it can be regarded as ON, otherwise, it can be regarded as OFF. 
· Details can be further discussed after the signaling of NCR beam indication is decided.
Proposal 6:  
· Support explicit ON-OFF indication in case NCR access link beam indication is not enabled.
Proposal 7: 
· For semi-static ON-OFF indication, a periodic pattern can be indicated via RRC. Following options can be considered.
· Option1: separate ON/OFF indicator is indicated for each slot in the periodicity.
· Option2: slot index in the periodicity corresponding to “ON” is indicated.
Proposal 8: 
· For dynamic ON-OFF indication, the time domain resources corresponding to “ON” can be indicated via DCI. Following options can be considered.
· Option1: To indicate the time domain resource, RRC configures a table with each row including slot offset, starting symbol, number of consecutive symbols, and number of slots, and DCI indicates a row index.
· Option2: To indicate the time domain resource, RRC configures a table with each row including multiple sets of {slot offset, starting symbol, number of consecutive symbols, number of slots} for multiple beams, and DCI indicates a row index.
Proposal 9: 
· For flexible symbols based on semi-static configuration, the NCR-Fwd will follow the dynamic TDD configuration determined by NCR-MT, i.e., determined by NCR-MT based on the received SFI indication or scheduling from gNB. No new side control signalling is needed.
· For flexible symbols based on dynamic indication, the NCR-Fwd is expected to be OFF or not forwarding over these symbols.
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