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1. Introduction
In this contribution, we share some discussions on the L1/L2 signaling for side control information based on the current agreements [1]. 
2. Discussion
2.1. Configuration for receiving L1/L2 signaling of side control information
Regrading configuration for receiving L1/L2 signaling of side control information, the following agreement were made in RAN1#109-e meeting.
	[bookmark: _Hlk109658067]Agreement
The NCR-MT can obtain the necessary configuration for receiving the L1/L2 signaling of the side control information.
· Option 1: The necessary configuration is from RRC.
· Option 2: The necessary configuration is from OAM or hard-coded.
· Option 3: The necessary configuration is partially configured by RRC and partially configured by OAM or hard-coded.
Agreement
For an NCR-MT, the necessary configurations from RRC and/or OAM(or hard-coded) contain:
· The configurations of PHY channels to carry the L1/L2 signaling: 
· The configurations for receiving PDCCH and PDSCH.
· The configurations for transmitting PUCCH, if needed.
· The configurations for transmitting PUSCH, if needed.
· The configurations of L1/L2 signaling: 
· The configurations for DCI.
· The configurations for UCI, if needed.
· The configurations for MAC CE, if needed.
Agreement
[bookmark: _Hlk109664612]For the parameters in the necessary configurations for L1/L2 signaling, the existing parameters for PDCCH, PDSCH, PUCCH, PUSCH, DCI, UCI and MAC CE in Rel-17 are the baseline for further discussion.
· Note 1: This does not imply that all Rel-17 parameters will be supported for the NCR-MT. 
· Note 2: This does not imply that PUCCH, PUSCH, UCI and MAC CE are currently agreed to be supported. Further consideration is needed.


According to the agreements, NCR-MT may obtain necessary configurations for L1/L2 signaling from RRC or OAM. In any case, L1/L2 signaling will be provided by gNB. Therefore, no matter how the NCR-MT obtains the configurations, RAN1 needs to discuss the L1 features for NCR-MT to enable its communication with gNB. To save standardization effort, it is suggested to take IAB-MT L1 features in Table 4.2.15.1-1 of TS38.306 as the starting point.
In our view, it is necessary for the NCR-MT to at least support basic initial access channels and procedures (e.g., RACH preamble format, SSB based measurement etc.) to build connection with gNB. Meanwhile, it should be noted that there is no user-plane data exchanged between gNB and NCR-MT and the traffic volume of the configurations for L1/L2 signaling (if any) and side control information is small. Besides, according to the SID [2], the study should focus on stationary NCR and cost efficiency is a key consideration point. With that said, it is preferred not to support the functions/features for data rate and throughput improvement, mobility enhancement or advanced beamforming, such as unlicensed, multi-carrier (CA/DC), eMIMO (except unified TCI) etc.
Proposal 1: For NCR-MT L1 features,
· Take IAB-MT L1 features in Table 4.2.15.1-1 of TS38.306 as the starting point 
· NCR-MT at least supports basic initial access channels and procedures (e.g., RACH preamble format, SSB based measurement etc.) to build connection with gNB.
· NCR-MT does not support functions/features for data rate and throughput improvement, mobility enhancement or advanced beamforming, such as unlicensed, multi-carrier (CA/DC), eMIMO (except unified TCI) etc.
2.2. Beam information for access link
In RAN1#109-e meeting, the following agreements were achieved for beam management for control access link, with some FFS points. 
	Agreement
Both the dynamic indication and semi-static indication can be considered for the beam of access link for NCR-Fwd.
· FFS: the details of each indication
· FFS: the maximum number of beams configured for NCR-Fwd access link
Agreement
From the perspective of signaling design, following mechanisms can be considered for the access link beamforming of the NCR-Fwd. 
· Option #2-1: Dynamic beam indication only
· Option #2-2: Semi-static beam indication only
Option #2-3: Dynamic beam indication and semi-static beam indication
Agreement
In the access link beam indication, an access link beam can be indicated by:
· Option 1: A beam index
· FFS: How to indicate the corresponding time domain resource of the beam. 
· Option 2: An index of a source RS (e.g. a TCI-like indicator)
· FFS: The definition of the source RS. 
· FFS: How to indicate the corresponding time domain resource of the beam.
· FFS: The definition of the association between the source RS and the beam.
· Note: The above does not imply that the NCR can or cannot generate and transmit reference signals to a UE or receive and process reference signals from a UE.
RAN1 to select one of the two options, combine the two options, or select both options in RAN1#110
Agreement
The beam correspondence is assumed for:
· the DL/UL of the access link at NCR-Fwd
Agreement
As for the time-domain granularity of the access link beam indication, one or both of the following options can be considered:
· Option 1: slot-level
· Option 2: symbol-level
· FFS: The details of indication signaling
Agreement
The time at which the NCR applies an access link beam indication should be considered.


According to the first agreement, both dynamic indication and semi-static indication can be considered for the beam of access link. In the legacy, dynamic scheduling is supported. For a specific slot/symbols, gNB may dynamically schedule a DL/UL transmission (e.g. PDSCH/PUSCH) and determine which DL/UL beam should be used for the transmission. Introduction of NCR should not limit gNB’s scheduling flexibility. From NCR’s perspective, it should support dynamically change of beam for access link, and at least dynamic indication for beam of access link should be supported.
However, dynamic indication only for all cases may result in large signalling overhead. Considering that, it is beneficial to support semi-static indication as well. For example, semi-static indication can be used to indicate the beam of access link for forwarding SSB, SIB1 and PRACH etc.
Proposal 2: For beam indication for access link, support both dynamic indication and semi-static indication.
According to the third agreement, RAN1 will select the options in RAN1#110 meeting. We would like to share our consideration on the options. 
In our understanding, for both options, association between source RS and the beam of access link is necessary for beam management for the UEs served by the NCR. The difference between Option 1 and Option 2 is whether the source RS associated with a beam of access link is visible to the NCR. 
By Option 1, the gNB simply indicates the beam index of beam for access link to the NCR, and the association between the source RS and the beam (identified by beam index) can be maintained/updated by gNB and totally transparent to NCR. 
By Option 2, the gNB would indicate the index of source RS associated with the beam for access link, hence the source RS associated with the beam for access link should be visible to the NCR, i.e. NCR should know which source RS is associated with which beam of access link. And additional configuration information for the source RS associated with the beam may be needed.
From NCR’s point of view, if it can determine which beam of access link should be used at which time, it can operate properly. With that said, it is redundant for NCR’s proper operation to be informed of source RS associated with the beam of access link. Compared with Option 2, Option 1 only provides least necessary information without redundant information, so it can achieve lower signalling overhead.
In addition, as noted by the SID [2], cost efficiency is a key consideration point for NCR. According to the discussion above, compared with Option1, Option 2 will increase the complexity of NCR due to obtaining and maintaining configurations of source RS for forwarding and the association between the source RS and the beam of access link. Option 1 is preferred considering cost efficiency of NCR. Besides, as indicated by the first and third FFS points under Option 2, Option 2 may require more standardization effort than Option 1 and thus Option 1 is also preferred from time budget point of view.
Based on the discussions above, Option 1 is preferred from perspectives of signalling overhead, cost efficiency for NCR, and time budget of standardization for Rel-18 NCR.
Observation 1: The key difference between Option 1 and Option 2 is whether the source RS associated with a beam of access link is visible to the NCR. 
Observation 2: NCR can operate properly if it can determine which beam of access link should be used at which time. The knowledge about source RS associated with the beam of access link is redundant for NCR.
Observation 3: Compared with Option 1, Option 2 may require additional configuration information for the source RS associated with the beam, increase the complexity of NCR due to obtaining and maintaining configurations of source RS for forwarding and the association between the source RS and the beam of access link, and cost more extra standardization efforts.
Observation 4：For beam indication for access link, Option 1 (i.e. by a beam index) is preferred from perspectives of signalling overhead, cost efficiency for NCR, and time budget of standardization for Rel-18 NCR.
[bookmark: _Hlk110945339]Proposal 3: For beam indication for access link, an access link beam is indicated by a beam index (Option 1).
According to the fourth agreement, beam correspondence is assumed for the DL/UL of the access link. This assumption can simplify the beam refinement between the NCR and the UEs which the NCR serves. It also means that in the access link beam indications from the gNB to the NCR, DL beam (i.e. Tx beam) and UL beam (i.e. Rx beam) can share same indexes.
Proposal 4: Support beam indication with a common beam index for DL/Rx beam and UL/Tx beam of access link.
According to the fifth agreement, slot-level (Option1) and symbol-level (Option 2) of access link beam indication can be considered. 
In the legacy, gNB may switch beam within a slot and UEs are also able to switch beam within a slot. For example, in a slot, gNB may schedule PDSCHs for different UEs using different beams or for a same UE but using different beams. Again, introduction of NCR should not limit the flexibility of gNB as in the legacy. From this perspective, at least symbol-level (Option2) indication should be supported. 
Similar to dynamic indication, symbol-level (Option2) indication only for all cases may result in large signalling overhead. Considering that, it is beneficial to support slot-level (Option1) indication as well to reduce signalling overhead for some cases. 
Proposal 5: For the time-domain granularity of access link beam indication, support both slot-level (Option 1) and symbol-level (Option 2).
2.3. TDD configuration
In RAN1#109-e meeting, the following agreements were achieved for TDD configuration, with some FFS points. 
	Agreement
For the TDD UL/DL configuration of network controller repeater:
· At least semi-static TDD UL/DL configuration is needed for network-controlled repeater for links including C-link, backhaul link and access link.
· FFS: handling of flexible symbols
· Note1: The same TDD UL/DL configuration is always assumed for backhaul link and access link
· Note2: The same TDD UL/DL configuration is assumed for C-link and backhaul link and access link if NCR-MT and NCR-Fwd are in the same frequency band.
Agreement
For the signaling of information on UL-DL TDD configuration, if the NCR-MT can acquire the TDD configuration as legacy UEs or from the OAM, new signaling may not be necessary.
· Note 1: The same TDD UL/DL configuration is assumed for C-link and backhaul link and access link if the NCR-MT and the NCR-Fwd are in the same frequency band.
· FFS: Other cases where new signaling may be necessary.


According to the agreements, same TDD configuration is assumed for control link, backhaul link and access link if the NCR-MT and the NCR-Fwd are in the same frequency band. And as discussed in 2.1, according to conclusion of RAN#96 meeting, RAN1 study should focus on in-band only, which means NCR-MT and NCR-Fwd of Rel-18 NCR are in a same frequency band. Therefore, we can conclude that same TDD configuration is assumed for control link, backhaul link and access link in Rel-18 and we do not need to discuss other cases. 
Observation 5: RAN#96 meeting has concluded that RAN1 study will focus on in-band only, so it is not needed to consider other cases (out-of-band) for discussion on signalling for TDD configuration.
Proposal 6: For TDD UL/UL configuration, remove the FFS in the agreement:
	[bookmark: _Hlk110257601]Agreement (RAN1#109-e)
For the signaling of information on UL-DL TDD configuration, if the NCR-MT can acquire the TDD configuration as legacy UEs or from the OAM, new signaling may not be necessary.
· Note 1: The same TDD UL/DL configuration is assumed for C-link and backhaul link and access link if the NCR-MT and the NCR-Fwd are in the same frequency band.
· FFS: Other cases where new signaling may be necessary.


Regarding signalling for TDD configuration, we think signalling dedicated for NCR-Fwd (backhaul link and access link) is not needed. Although the agreement says, “if the NCR-MT can acquire the TDD configuration as legacy UEs or from the OAM”, according to the discussion in the previous meeting, we do not see that case where the NCR-MT cannot acquire TDD configuration by the ways. NCR-Fwd can always assume the same TDD configuration as NCR-MT.
Proposal 7: For TDD UL/DL configuration, new signalling dedicated for NCR-Fwd is not needed.
According to the agreements, it has been agreed that at least semi-static TDD UL/DL configuration is needed for NCR. And we think dynamic TDD configuration should be supported as well. The dynamic TDD configuration can be supported by the legacy method based on DCI format 2_0. It will cost a little or no standardization effort and can guarantee same scheduling flexibility as in legacy. For example, if gNB dynamically schedule PDSCH/PUSCH for UEs served by the NCR on the flexible symbols configured by semi-static TDD configuration for NCR-MT, the gNB can overwrite the flexible symbols to be DL/UL by DCI format 2_0, so that NCR-Fwd can properly perform DL/UL forwarding for the scheduled PDSCH/PUSCH according to the dynamically indicated direction. In this way, for any symbols/slots with DL/UL transmission between gNB and UEs, corresponding transmission direction can be indicated to NCR and NCR-Fwd can amplify and forward accordingly. For the remaining flexible symbols according to both semi-static TDD configuration and dynamic TDD configuration, NCR-Fwd can assume no DL/UL transmission between gNB and UEs and does not amplify and forward signals. 
Proposal 8: Same TDD UL/DL configuration is assumed for NCR-MT and NCR-Fwd.
· NCR-MT acquires semi-static TDD UL/DL configuration by RRC signaling and dynamic TDD UL/DL configuration by DCI format 2_0 as in the legacy. 
· For the remaining flexible symbols according to both semi-static TDD UL/DL configuration and dynamic TDD UL/DL configuration, NCR-MT transmits or receives on the flexible symbols as legacy UEs, and NCR-Fwd assumes no DL/UL transmission between gNB and UEs served by the NCR and does not amplify and forward signals.
2.4. ON-OFF information
Application of ON-OFF information is useful for improving NCR performance in terms of power consumption and interference control. In the RAN1#109-e meeting, the following agreements were made.
	Agreement
ON-OFF information is beneficial and recommended for network-controlled repeater to control the behaviour of NCR-Fwd.
· FFS: Detailed mechanism of ON-OFF indication and determination
· FFS: explicit indication or implicit indication of ON-OFF information
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 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 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.
Agreement
For indication of NCR-Fwd ON-OFF for efficient interference management and improved energy efficiency, both dynamic and semi-static indication can be considered 
· FFS: RAN1 to consider whether/how to handle the forwarding of broadcast and cell-specific signals/channels.


According to the agreements, both explicit indication and implicit indication can be considered. And both dynamic indication and semi-static indication can be considered. According to the discussion in the previous meeting, there are so many candidate methods in details. It is expected to further narrow down the discussion scope in RAN1#110 for lighter workload in the future.
It is natural that the NCR should be ON if there is DL/UL transmission between the gNB and the UEs served by the NCR and should be OFF otherwise to save power and reduce interference as much as possible. With that in mind, if other information can perfectly match with actual DL/UL transmissions between the gNB and the UEs served by the NCR, NCR-Fwd could just turn ON/OFF according to the other information and explicit indication would be unnecessary. Therefore, we would like to analyze Option 2 first.
In Option 2, beam information, TDD UL/DL configuration, and PC information are considered to implicitly indicate ON/OFF. In our understanding, the beam information refers to the beam indication for access link. As discussed in 2.2.2, beam indication for access link can be semi-static and/or dynamic, and symbol-level and/or slot-level. If beam indication for access link is semi-static only and/or has coarse granularity, it may well not perfectly match the actual transmission between gNB and UEs. For example, for several symbols/slots semi-statically configured with beam for access link, there may not be actual transmissions between gNB and UEs and the NCR-Fwd is expected to be OFF. And if beam indication for access link can be dynamic and has fine granularity, it is probably fine to implicitly indicate ON-OFF. Similar things happen to TDD UL/DL configuration and power control information.
As discussed above, whether implicit indication by other information can work well depends on how the signaling for other information is designed. It may be difficult to down select the options before the more progress on other information. However, the discussions on the ON-OFF information and other information should be parallel due to limited time budget.
Considering the situation, it is preferred to support combination of Option 1 and Option 2. For example, the NCR-Fwd is ON/OFF according to explicit ON-OFF information, except that NCR-Fwd is always OFF for flexible symbols/slots according to TDD UL/DL configuration. Another example is, NCR-Fwd turns ON/OFF according to explicit ON-OFF information if it is provided, and according to other information otherwise. 
Observation 6：For ON-OFF information:
· Implicit indication by other information can save signalling overhead. If implicit indication can totally match the actual transmission state between the gNB and UEs, it is unnecessary to support explicit ON-OFF information.
· Whether it is necessary to introduce explicit ON-OFF information depends on the signalling design of the other information. It may be difficult to down select the options before the more progress on other information. However, discussions on the ON-OFF information and other information should be parallel due to limited time budget.
Proposal 9: For ON-OFF information, support both explicit indication (Option 1) and implicit indication (Option 2).
Another thing is about forwarding of broadcast and cell-specific signals/channels. Following the spirit mentioned above, the NCR-Fwd should be ON for the corresponding symbols/slots to forward broadcast and cell-specific signals/channels between gNB and UEs. In our understanding, no matter how the NCR acquires ON-OFF information (explicit/implicit, semi-static/dynamic), the gNB could guarantee that all symbols/slots for all broadcast and cell-specific signals/channels are configured as ON for NCR-Fwd.
Proposal 10: For broadcast and cell-specific signals/channels, it is up to gNB to guarantee that all symbols/slots for all broadcast and cell-specific signals/channels are configured as ON for NCR-Fwd.
2.5. Timing information
The agreements about timing of NCR were achieved in RAN1#109-e meeting as below.
	Agreement
For the timing of NCR, the following assumption is considered as baseline:
· The DL receiving timing of the NCR-Fwd is aligned with the DL receiving timing of the NCR-MT.
· The UL transmitting timing of the NCR-Fwd is aligned with the UL transmitting timing of the NCR-MT.
· FFS: the impact of internal delay on the following timing relationships:
· The DL receiving timing and DL transmitting timing of the NCR-Fwd
· The UL transmitting timing and UL receiving timing of the NCR-Fwd
Conclusion
Legacy UE mechanism is sufficient to achieve DL/UL timing for NCR-MT
Agreement
For the signaling of the side control information of timing to align transmission / reception boundaries, new signaling may be unnecessary.
· FFS: the impact of internal delay


According to the agreements, the impact of internal delay needs to be further studied. 
In our understanding, from NCR’s perspective, it may need to determine its DL transmitting timing and UL receiving timing of NCR-Fwd for beam switching and/or ON-OFF etc. However, it can determine the DL transmitting timing and UL receiving timing of NCR-Fwd according to its internal delay and corresponding DL receiving timing and UL transmitting timing. More specifically, as shown in Figure 1, the DL transmitting timing can be determined according to DL receiving timing and the internal delay, and the UL receiving timing can be determined according to UL transmitting timing and the internal delay. From gNB’s and UE’s perspective, the internal delay is a part of propagation delay. It has impact on TA value. However, similar to the case where legacy RF repeater is deployment, the delay caused by NCR can be handled by the legacy method of transmission timing (or TA) adjustments at UEs. The internal delay of NCR is transparent to gNB and UE and has no impact on signalling.


Figure 1. Timing relationships in case of NCR deployment
Based on the discussions above, we have the following proposal.
Proposal 11: The NCR can determine DL transmission timing and UL receiving timing of NCR-Fwd according to internal delay and respective corresponding DL receiving timing and UL transmitting timing.
· It is up to NCR’s implementation. No spec. impacts.
· Remove the FFS in the agreement as below.
	Agreement (RAN1#109-e)
For the signaling of the side control information of timing to align transmission / reception boundaries, new signaling may be unnecessary.
· FFS: the impact of internal delay


3. Conclusion
In this contribution, we discussed on L1/L2 signaling for side control information for NCR based on the current agreements. The proposals are summarized as follows.
Configuration for receiving L1/L2 signaling of side control information
Proposal 1: For NCR-MT L1 features,
· Take IAB-MT L1 features in Table 4.2.15.1-1 of TS38.306 as the starting point 
· NCR-MT at least supports basic initial access channels and procedures (e.g., RACH preamble format, SSB based measurement etc.) to build connection with gNB.
· NCR-MT does not support functions/features for data rate and throughput improvement, mobility enhancement or advanced beamforming, such as unlicensed, multi-carrier (CA/DC), eMIMO (except unified TCI) etc.
Beam information for access link
Proposal 2: For beam indication for access link, support both dynamic indication and semi-static indication.
Observation 1: The key difference between Option 1 and Option 2 is whether the source RS associated with a beam of access link is visible to the NCR. 
Observation 2: NCR can operate properly if it can determine which beam of access link should be used at which time. The knowledge about source RS associated with the beam of access link is redundant for NCR.
Observation 3: Compared with Option 1, Option 2 may require additional configuration information for the source RS associated with the beam, increase the complexity of NCR due to obtaining and maintaining configurations of source RS for forwarding and the association between the source RS and the beam of access link, and cost more extra standardization efforts.
Observation 4：For beam indication for access link, Option 1 (i.e. by a beam index) is preferred from perspectives of signalling overhead, cost efficiency for NCR, and time budget of standardization for Rel-18 NCR.
Proposal 3: For beam indication for access link, an access link beam is indicated by a beam index (Option 1).
Proposal 4: Support beam indication with a common beam index for DL/Rx beam and UL/Tx beam of access link.
Proposal 5: For the time-domain granularity of access link beam indication, support both slot-level (Option 1) and symbol-level (Option 2).
TDD configuration
Observation 5: RAN#96 meeting has concluded that RAN1 study will focus on in-band only, so it is not needed to consider other cases (out-of-band) for discussion on signalling for TDD configuration.
Proposal 6: For TDD UL/UL configuration, remove the FFS in the agreement:
	Agreement (RAN1#109-e)
For the signaling of information on UL-DL TDD configuration, if the NCR-MT can acquire the TDD configuration as legacy UEs or from the OAM, new signaling may not be necessary.
· Note 1: The same TDD UL/DL configuration is assumed for C-link and backhaul link and access link if the NCR-MT and the NCR-Fwd are in the same frequency band.
· FFS: Other cases where new signaling may be necessary.


Proposal 7: For TDD UL/DL configuration, new signalling dedicated for NCR-Fwd is not needed.
Proposal 8: Same TDD UL/DL configuration is assumed for NCR-MT and NCR-Fwd.
· NCR-MT acquires semi-static TDD UL/DL configuration by RRC signaling and dynamic TDD UL/DL configuration by DCI format 2_0 as in the legacy. 
· For the remaining flexible symbols according to both semi-static TDD UL/DL configuration and dynamic TDD UL/DL configuration, NCR-MT transmits or receives on the flexible symbols as legacy UEs, and NCR-Fwd assumes no DL/UL transmission between gNB and UEs served by the NCR and does not amplify and forward signals.
ON-OFF information
Observation 6：For ON-OFF information:
· Implicit indication by other information can save signalling overhead. If implicit indication can totally match the actual transmission state between the gNB and UEs, it is unnecessary to support explicit ON-OFF information.
· Whether it is necessary to introduce explicit ON-OFF information depends on the signalling design of the other information. It may be difficult to down select the options before the more progress on other information. However, discussions on the ON-OFF information and other information should be parallel due to limited time budget.
Proposal 9: For ON-OFF information, support both explicit indication (Option 1) and implicit indication (Option 2).
Proposal 10: For broadcast and cell-specific signals/channels, it is up to gNB to guarantee that all symbols/slots for all broadcast and cell-specific signals/channels are configured as ON for NCR-Fwd.
Timing information
Proposal 11: The NCR can determine DL transmission timing and UL receiving timing of NCR-Fwd according to internal delay and respective corresponding DL receiving timing and UL transmitting timing.
· It is up to NCR’s implementation. No spec. impacts.
· Remove the FFS in the agreement as below.
	Agreement (RAN1#109-e)
For the signaling of the side control information of timing to align transmission / reception boundaries, new signaling may be unnecessary.
· FFS: the impact of internal delay
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