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For the work item for NR network-controlled repeater (NCR), the following objectives have been identified [1]:
	The objectives of NR NCR WI follow the recommendations defined in TR 38.867 and will focus on scenarios and assumption listed below:
· Network-controlled repeaters are inband RF repeaters used for extension of network coverage on FR1 and FR2 bands based on the NCR model in TR38.867
· For only single hop stationary network-controlled repeaters
· The NCR is transparent to the UE.
· Network-controlled repeater can maintain the gNB-repeater link and repeater-UE link simultaneously
With these considerations, NR NCR supports the following features:

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

Specify control plane signalling and procedures [RAN2, RAN1]
· The configuration of signalling for side control information indication
· NOTE: Down-selection of solutions in section 7.2 of TR 38.867 is needed


In this contribution, we present our views on side control information signaling and NCR behavior. Since power control will be checked in RAN#98e depending on progress of beamforming, on/off and UL-DL TDD operation for NCR, this contribution focuses on beamforming, on/off and UL-DL TDD operation. The discussion on signaling design and procedures is provided in our companion contribution [2]. 
Beam Operation  
Beamforming for access link
For the access link beam indication, RAN1 agreed the beam of access link for NCR-Fwd is indicated by a beam index where both dynamic indication and semi-static indication, including semi-persistent indication. Meanwhile, RAN1 agreed that the time domain resource corresponding to an access link beam is explicitly determined based on the explicitly indicated time domain resources per beam indication. A single beam indication can indicate one or multiple beams. In the following, the detailed design for time domain resource indication, beam index indication is provided.
· Time domain resource determination 
For semi-static beam indication, gNB can configure a set of time domain resources with a list of starting symbol/slot and duration for multiple time domain resources, wherein the symbols are consecutive within a time domain resource. For each starting symbol/slot, gNB can configure slot-level offset and starting symbol with reference to a time instant. The reference time instant can be a configured SFN or SFN 0 (similar to Type-1 CG PUSCH TDRA configuration), or the slot with side control information reception, or the slot with HARQ-ACK feedback of the side control information as shown in Figure 1 below, or the earliest slot after the application time. For each duration, multiple symbols can be indicated which are in same or different consecutive slots, e.g., both 4th time domain resource and 5th time domain resource consist of symbols in multiple consecutive slots.  Furthermore, the periodicity is provided for each set of time domain resources. 



Figure 1 5 Time domain resources by a side control information with the slot of HARQ-ACK feedback as reference time instant for slot offset indication 

For dynamic beam indication, gNB can configure multiple sets of time domain resources by higher-layer signaling, wherein each set of time domain resources is provided with a list of starting symbol/slot and duration. Then, one set of time domain resources can be dynamically indicated by a PDCCH, which is similar to multi-SLIV for multi-PDSCH/PUSCH in Rel-17. For example, gNB can configure 64 rows and each row is configured with a set of time domain resources, and 8 bits in PDCCH is used to indicate one of rows for time domain resources. 
For semi-persistent beam indication, at least one set of time domain resources is configured with periodicity. Similar to SPS PDSCH/Type-2 CG PUSCH activation, the time domain resource with periodicity can be applied periodically after activation DCI. 
Proposal 1: For time domain resource indication for beamforming for access link, 
· For semi-static indication, a set of time domain resource with a list of starting symbols/slots and durations with periodicity is configured. A starting slot is derived by slot-level offset with reference to a time instant and a duration can be multiple symbols in one slot or in multiple consecutive slots. 
· For dynamic indication, multiple sets of time domain resources are configured by higher-layer signaling and one set of time domain resource is indicated by PDCCH. 
· For semi-static indication, at least one set of time domain resource is configured with periodicity, and it is activated by PDCCH if the set of time domain resources is indicated in the PDCCH. 

· Beam resource determination  
For semi-static beam indication, gNB can configure a list of beam indices with same number of entries as the set of time domain resources. 
For dynamic beam indication, similar to time domain resource configuration, gNB can configure multiple sets of beam indices together with multiple set of time domain resources and indicate one set of beam indices and time domain resources by single bit field in a PDCCH. Alternatively, time domain resources and beam indices can be separately configured and indicated by separate bit field in a PDCCH.  In case of a time resource with both semi-static and dynamic beam information, overriding rule should be defined, e.g., dynamic indication overrides the semi-static indication. 
For semi-persistent indication, as long as the indicated time domain resource is configured with periodicity, the beam indices for the set of time domain resource with periodicity can be applied periodically after activation DCI. Alternatively, activation based on MAC CE can be considered. 
Proposal 2: For beam index indication for beamforming for access link, 
· For semi-static indication, a list of beam indices with same number of entries as the set of time domain resources can be configured. 
· For dynamic indication, multiple beam indices can be configured together with multiple time domain resources for each set by higher-layer signaling, and one set of time domain resource and beam indices is indicated by PDCCH, or separate configuration and separate bit field in a PDCCH for beam indices and time domain resources indication. 
· In case of a time resource with both semi-static and dynamic beam information, dynamic indication overrides the semi-static indication. 

Similar to gNB, beams with different beam width can be considered for NCR, e.g., wider beam to forward broadcast signals and narrow beam to forward unicast signals. Comparing with single beam width, better coverage or smaller overhead can be achieved by multiple beam width. For multiple beam types with different beam width, before the indication of beam information for time domain resource, the linkage between a beam index and a beam type as well as the spatial relation between different beam types should be established first.  
As shown in Figure 2, NCR can be configured with two wide beams (beam A0 and beam A1) to forward cell-specific signals/channels and 8 narrow beams (beam C0~ beam C7) to forward UE-specific signals/channels. With hierarchy beamforming based on wide and narrow beam similar to gNB, it is important to establish the spatial relation between beam A0 and beam C0~C3 as well as beam A1 and beam C4~ C7, to ensure the narrow beams are transmitted within a specific beam coverage. To establish the mapping between beam index and beam types and corresponding spatial relation, the relationship should be provided by higher-layer signaling before beam index indication for a specific time domain resource. Alternatively, if NCR can report beam identifier with beam type (beam width) and spatial information, gNB can configure one-to-one mapping between candidate beam indices for NCR and reported beams. It is noted that gNB may only configure a subset of beams reported by NCR to control the overall overhead in the network. For example, NCR reports 10 beams while gNB only configures 8 beams, then a one-to-one mapping should be provided to identify which 8 of 10 beams reported by NCR are allowed to use per gNB configuration. 
Proposal 3: For beamforming for access link, to support hierarchy beamforming with different beam width, the linkage between a beam index and a beam type (narrow or wide beam) as well as the spatial relation between different beam types should be established, before indication of beam indices for time domain resources
· gNB can configure the linkage by higher-layer signaling 
· NCR can report the supported number of beams, beam type and spatial relation for each beam, and gNB configures a one-to-one mapping between beams to be used by NCR and the beams supported by NCR. 
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Figure 2   Wide beam and narrow beam for NCR access link 


Beamforming for backhaul link
For the backhaul link, both fixed and adaptive beam is supported for different deployments, e.g., adaptive beam for the low-height deployment of NCR. For adaptive beam, two options were studied in SI phase as shown below. 
	Agreement
In case that adaptive beams are adopted for C-link and backhaul link, the following mechanisms can be considered for the indication and determination of beams of backhaul link:
· 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.
· 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.
· Other predefined rules are not precluded


Comparing option 1 and option 2, option 2 would require different rules to determine the beam for backhaul link, depending on whether Rel-15/16 or Rel-17 TCI framework is used for NCR-MT, while option 1 is a unified solution regardless of TCI framework for NCR-MT, therefore option 1 is preferred. 
For option 1, considering appropriate beam for backhaul link does not change frequently, semi-static indication is sufficient, e.g., gNB indicates one beam for backhaul link by MAC CE which is used until another indication is received, and the indicated single beam applies to all carriers for backhaul link if multi-carriers are supported by NCR-Fwd. Another aspect for option 1 is, how to align the beam for backhaul link and access link in slots/symbols with simultaneous DL receptions / UL transmissions in both C-link and backhaul link. To avoid unnecessary signaling overhead to align the beam for backhaul link and access link in such slots/symbols, a simple rule is more desirable, i.e., the beam of backhaul link is the same as the beam of C-link in this case. 
Proposal 4: For beamforming for backhaul link, a new signalling for the beam of backhaul link (option 1) is supported.
· For 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 is determined by a new signalling.  
· Only semi-static beam indication for the new signalling is supported.  

UL-DL TDD operation  
For the TDD UL/DL configuration of NCR, existing semi-static TDD UL/DL configuration can be reused to determine DL or UL forwarding by NCR-Fwd in at least semi-static DL or UL symbol. On the flexible symbols indicated by semi-static TDD UL/DL configuration, RAN1 studied 3 options for determination of forwarding and direction to forward by NCR-Fwd as shown below. 
	Agreement
For the flexible symbol based on the semi-static configuration (e.g., TDD-UL-DL-ConfigCommon, TDD-UL-DL-ConfigDedicated), following options are considered for the NCR-Fwd on these symbols
· Option 1: The NCR-Fwd is expected to be OFF or not forwarding over these symbols
· Option 2: The NCR-Fwd will follow the TDD operation determined by NCR-MT, i.e., determined by NCR-MT based on the received SFI indication or scheduling from gNB 
· Note: It means that no new side control 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



Option 1 targets NCR under semi-static TDD deployment while option 2 and option 3 targets NCR under dynamic TDD deployment. Though specification supports dynamic TDD which motivates new mechanism to determine forwarding direction in semi-static flexible symbols, the real deployment with dynamic TDD is quite limited, e.g., mainly for some isolated environment, and the coverage for such scenario is not likely to be an issue. Therefore, optimization for dynamic TDD scenario (option 2 and option 3) should not be considered for NCR. With semi-static TDD, the semi-static flexible symbol is configured mainly for a gap for DL-to-UL switch and gNB does not schedule any UEs in the flexible symbol, thus no forwarding by NCR in the flexible symbol is needed. Option 1 is sufficient, i.e., NCR-Fwd is expected to be OFF thus no forwarding over these symbols. 
As analysed above, option 2 and option 3 is useless due to the fact that there is no clear use case for NCR under dynamic TDD. In addition, option 2 is problematic and actually conflicts with the motivation to allow flexible dynamic DL/UL scheduling for a UE in a flexible symbol. More specifically, option 2 restricts a symbol scheduled by gNB for DL reception or UL transmission for a UE under NCR to be within the symbol for NCR-MT DL reception or UL transmission. For example, assuming 2 flexible slots (28 symbols), NCR-MT may only need to receive DL in 3 symbols out of 28 flexible symbols, because NCR-MT does not have DL traffic other than side control information. Then, by option 2, gNB can only schedule UEs who have DL traffic to receive DL within the 3 symbols while no usage of remaining 25 symbols, because NCR-Fwd does not forward any signal in these 25 symbols. Similar or more serious restriction can be expected for UL forwarding, considering typically only PUCCH carrying HARQ-ACK for side control information is transmitted by NCR-MT. Moreover, for NCR incapable of simultaneously transmission of UL by C-link and backhaul link, the symbols with UL transmission by NCR-MT can not be used for UL forwarding unless NCR-MT drops its UL transmission in C-link, which is obviously strange. Furthermore, if DL is dynamically determined by DL scheduling for NCR-MT, there exists ambiguity between NCR and gNB considering uncertainty of the time instant NCR-MT decodes PDCCH to know a symbol of PDSCH as DL symbol which should be forwarded by NCR-Fwd. Comparing with option 2, option 3 is more aligned with the motivation for flexible dynamic DL/UL scheduling for a UE. gNB can dynamically indicate the forwarding direction based on UE traffic and also well control the forwarding direction to avoid confliction with DL reception or UL transmission by NCR-MT including TDM between UL transmission on C-link and backhaul link. However, additional signaling overhead is introduced. 
Another aspect to be considered for DL/UL forwarding is the interaction between DL/UL forwarding and other side control information such as on/off and beamforming. It would be problematic if gNB indicates ON or a beam for a flexible symbol while NCR does not know the direction for forwarding. The simplest way to handle the problem is by gNB proper implementation to avoid any confliction. 
Observation 1: Dynamic TDD is not the target scenario for NCR. Option 2 and option 3 is useless for semi-static TDD. 
Observation 2: If dynamic TDD is supported, Option 2 based on scheduling from gNB for NCR-MT is problematic:
· It leads to scheduling restriction on DL scheduling for UEs within symbols with DL scheduling for NCR-MT.
· It leads to no forwarding for UL for UEs within symbols with UL transmission by NCR-MT or drop of UL transmission by NCR-MT if NCR is incapable of simultaneous transmission on C-link and backhaul link.
· It leads to ambiguity on when to forward due to unspecified PDCCH decoding time.  
Observation 3: If dynamic TDD is supported, Option 3 requires additional signaling overhead though it can avoid restriction on scheduling for UE and avoid confliction with DL reception or UL transmission by NCR-MT including TDM between UL transmission on C-link and backhaul link.
Proposal 5: For the flexible symbol based on the semi-static TDD UL/DL configuration, The NCR-Fwd is expected to be OFF thus not forwarding over these symbols. 
On/Off operation 
For on/off indication by side control information, both explicit and implicit indication were discussed in SI phase. 
	Agreement
The following options can be considered to indicate the ON-OFF information from gNB to NCR for controlling the behaviour of NCR-Fwd:
· Option 1: Explicit indication with on-off state (e.g., via dynamic or semi-static signaling) 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 information (e.g., beam, DL/UL configuration, or PC information)
· Note: This example does not imply that PC information is necessary or not.
· Other solutions (e.g., potential combination of explicit and implication solution) can be further discussed.




The implicit indication relies on other information for NCR, e.g., if NCR receives beam information for a time resource, NCR should be on for the time resource, otherwise, NCR turns off for the time resource. The implicit indication can be used for on/off control for some scenarios, e.g., a symbol is off if the symbol is semi-static flexible symbol, or a symbol is off if the symbol is not provided with any beam information in FR2. However, for other scenarios, implicit indication alone is not sufficient. For example, for a semi-static DL or UL symbol, additional indication for on/off is still needed. In FR1, NCR may work without beamforming while on/off operation is still beneficial for interference reduction or energy saving, thus explicit on/off indication is needed. Furthermore, even for a symbol provided with beam information in FR2, gNB may still want to turn off the symbol. For example, gNB provides semi-static beam information which can be applied for periodic signals/channels, while gNB wants to cancel the periodic signal/channel and reuse the resource for another dynamic signal/channel for UEs under another NCR, so separate on/off indication is needed. And if separate on/off operation for different carriers of an NCR-Fwd can be supported while only single beam is support in a symbol by NCR-Fwd, the on/off indication and beamforming information should be independently indicated. Therefore, explicit indication for on/off is needed. 

Observation 4: Implicit on/off based on DL/UL configuration and/or beam indication is not sufficient for efficient on/off operation. Explicit on/off indication is necessary. 

For explicit on/off indication, different indication options can be considered to support different scenarios. For example, for long-term power saving, the on or off duration can be relatively long, e.g., NCR can be turned off for tens or hundreds of slots, while for interference reduction, e.g., only forwarding a specific SSB, the on or off duration can be relatively short, e.g., NCR turns off for a few symbols. Therefore, the on/off granularity should include both slot-level and symbol-level. 

To support on/off operation with different flexibility level, both semi-static and dynamic on/off indication can be supported. Since default ‘off’ state is assumed for a symbol/slot without any on/off indication, it seems sufficient to only indicate time domain resources for ‘on’ state, at least for semi-static indication. For dynamic indication, to enable dynamic change of a symbol/slot associated with semi-static ‘on’ state to ‘off’ state or dynamic change of a symbol/slot associated with semi-static ‘off’ state (default ‘off’ state) to ‘on’ state, it requires ‘on’ or ‘off’ state indication for time domain resources.  
Regarding the interaction between explicit on/off indication and implicit indication, for FR2, the case that a symbol is indicated as ON while no beam information is provided for the symbol should be avoided by gNB.    
Regarding on/off control when NCR-MT is in RRC idle/inactive state, NCR-Fwd can perform on/off based on the received on/off information regardless of RRC state of NCR-MT.  
Proposal 6: For on/off information, explicit on/off indication is supported. 
· NCR-Fwd determines on/off operation based on explicit on/off indication with granularity of symbol-level or slot-level. 
· For semi-static indication, a set of time domain resource for ‘on’ state is configured with periodicity. 
· For dynamic indication, multiple time domain resources for on/off is configured and one set is indicated by PDCCH. 
· Further study whether ‘on’ state is assumed for the indicated set of time domain resources, or on/off state is indicated for the set of time domain resources to support dynamic overriding for on/off indication.
Others
Multiple carriers of NCR-Fwd was discussed in SI phase, which may require separate signaling for different carriers. Considering large standard effort and complexity to support separate beamforming and TDD DL/UL operation for different carriers, e.g., additional beam management, it is undesirable to reopen the discussion for beamforming and TDD UL/DL operation. For on/off operation, the extension of single on/off operation for all carriers to separate on/off operation for carriers seems manageable. With independent on/off operation for carries in different passband, interference reduction gain can be improved as well as energy saving, considering different traffic load and interference for different carriers. The group of carriers can be configured by gNB, e.g., gNB can configure carriers in multiple passbands into one group to save signaling overhead or configure same number of groups as passbands. gNB indicates on/off for single or multiple carrier groups by one side control information. 
Proposal 7: Independent on/off information for different carrier group can be supported 
· gNB configures multiple carrier groups, wherein each carrier group consists of all carriers in one passband or multiple carriers in multiple passbands.
· gNB indicates on/off information for single or multiple carrier groups respectively by one side control information. 
Considering implementation complexity and cost, NCR may not be able to support simultaneous UL transmission in C-link and backhaul link. gNB should ensure no simultaneous UL transmission in C-link and backhaul link by proper scheduling for NCR-MT and forwarding control for NCR-Fwd part, e.g., turning off NCR-Fwd part in the symbol with UL transmission by NCR-Fwd part. But if gNB may not well coordinate C-link and backhaul link for some cases, a rule to drop one link should be defined. For example, if NCR-Fwd UL forwarding in flexible symbol is determined by UL transmission by NCR-MT by option 2 in section 2, a rule is needed to drop one link. Furthermore, if contention-based PRACH transmission by NCR-MT is allowed after initial access by NCR-MT, the collision between C-link and backhaul link for UL transmission may also happen. Therefore, RAN1 should further discuss whether gNB can always ensure no simultaneous UL transmission in both C-link and backhaul link. 
Proposal 8: Further discuss whether gNB can always ensure no simultaneous UL transmission in both C-link and backhaul link by proper scheduling. If not, a rule is needed for NCR which is incapable of simulations UL transmission in C-link and backhaul link. 
[bookmark: _Ref52481833]Conclusions
In this contribution, we presented our views on side control information and NCR behaviour. Further, we summarize the observations and proposals as follows:
Observation 1: Dynamic TDD is not the target scenario for NCR. Option 2 and option 3 is useless for semi-static TDD. 
Observation 2: If dynamic TDD is supported, Option 2 based on scheduling from gNB for NCR-MT is problematic:
· It leads to scheduling restriction on DL scheduling for UEs within symbols with DL scheduling for NCR-MT.
· It leads to no forwarding for UL for UEs within symbols with UL transmission by NCR-MT or drop of UL transmission by NCR-MT if NCR is incapable of simultaneous transmission on C-link and backhaul link.
· It leads to ambiguity on when to forward due to unspecified PDCCH decoding time.  
Observation 3: If dynamic TDD is supported, Option 3 requires additional signaling overhead though it can avoid restriction on scheduling for UE and avoid confliction with DL reception or UL transmission by NCR-MT including TDM between UL transmission on C-link and backhaul link.
Observation 4: Implicit on/off based on DL/UL configuration and/or beam indication is not sufficient for efficient on/off operation. Explicit on/off indication is necessary. 

Proposal 1: For time domain resource indication for beamforming for access link, 
· For semi-static indication, a set of time domain resource with a list of starting symbols/slots and durations with periodicity is configured. A starting slot is derived by slot-level offset with reference to a time instant and a duration can be multiple symbols in one slot or in multiple consecutive slots. 
· For dynamic indication, multiple sets of time domain resources are configured by higher-layer signaling and one set of time domain resource is indicated by PDCCH. 
· For semi-static indication, at least one set of time domain resource is configured with periodicity, and it is activated by PDCCH if the set of time domain resources is indicated in the PDCCH. 
Proposal 2: For beam index indication for beamforming for access link, 
· For semi-static indication, a list of beam indices with same number of entries as the set of time domain resources can be configured. 
· For dynamic indication, multiple beam indices can be configured together with multiple time domain resources for each set by higher-layer signaling, and one set of time domain resource and beam indices is indicated by PDCCH, or separate configuration and separate bit field in a PDCCH for beam indices and time domain resources indication. 
· In case of a time resource with both semi-static and dynamic beam information, dynamic indication overrides the semi-static indication. 
Proposal 3: For beamforming for access link, to support hierarchy beamforming  with different beam width, the linkage between a beam index and a beam type (narrow or wide beam) as well as the spatial relation between different beam types should be established, before indication of beam indices for time domain resources
· gNB can configure the linkage by higher-layer signaling 
· NCR can report the supported number of beams, beam type and spatial relation for each beam, and gNB configures a one-to-one mapping between beams to be used by NCR and the beams supported by NCR. 

Proposal 4: For beamforming for backhaul link, a new signalling for the beam of backhaul link (option 1) is supported.
· For 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 is determined by a new signalling.  
· Only semi-static beam indication for the new signalling is supported.  

Proposal 5: For the flexible symbol based on the semi-static TDD UL/DL configuration, The NCR-Fwd is expected to be OFF or not forwarding over these symbols. 
Proposal 6: For on/off information, explicit on/off indication is supported. 
· NCR-Fwd determines on/off operation based on explicit on/off indication with granularity of symbol-level or slot-level. 
· For semi-static indication, a set of time domain resource for ‘on’ state is configured with periodicity. 
· For dynamic indication, multiple time domain resources for on/off is configured and one set is indicated by PDCCH. 
· Further study whether ‘on’ state is assumed for the indicated set of time domain resources, or on/off state is indicated for the set of time domain resources to support dynamic overriding for on/off indication. 
Proposal 7: Independent on/off information for different carrier group can be supported 
· gNB configures multiple carrier groups, wherein each carrier group consists of all carriers in one passband or multiple carriers in multiple passbands.
· gNB indicates on/off information for single or multiple carrier groups respectively by one side control information. 
Proposal 8: Further discuss whether gNB can always ensure no simultaneous UL transmission in both C-link and backhaul link by proper scheduling. If not, a rule is needed for NCR which is incapable of simulations UL transmission in C-link and backhaul link. 
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