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Introduction
[bookmark: _Hlk110588231]RAN #94 agreed to study network-controlled repeaters with the following assumptions and scenarios [1]:
	[bookmark: _Hlk108183691]The study on NR network-controlled repeaters is to focus on the following scenarios and assumptions:
· Network-controlled repeaters are inband RF repeaters used for extension of network coverage on FR1 and FR2 bands, while during the study FR2 deployments may be prioritized for both outdoor and O2I scenarios.
· For only single hop stationary network-controlled repeaters
· Network-controlled repeaters are transparent to UEs
· Network-controlled repeater can maintain the gNB-repeater link and repeater-UE link simultaneously
NOTE1: Cost efficiency is a key consideration point for network-controlled repeaters.


Specifically, RAN1 was tasked with the following objectives:
	Study and identify which side control information below is necessary for network-controlled repeaters including assumption of max transmission power [RAN1]
· Beamforming information
· Timing information to align transmission / reception boundaries of network-controlled repeater
· Information on UL-DL TDD configuration
· ON-OFF information for efficient interference management and improved energy efficiency
· Power control information for efficient interference management (as the 2nd priority)
Study and identify L1/L2 signalling (including its configuration) to carry the side control information [RAN1]


In addition to this contribution, we discuss the required control information in our accompanying contribution [2].
[bookmark: _Ref178064866]Discussion
General considerations
For Rel-18 NCR, the following agreements were made in the RAN1#109-e meeting [3].
	[bookmark: _Hlk103233442]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
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 SID, NCR is rather a RAN1-only objective. However, it could clearly have impact on RAN2 signalling (i.e., MAC CE and RRC etc.). It can be foreseen that RAN1 will make agreements on what type of signalling can (“can” since this is so far only a study item) be used between the gNB and the NCR. However, considering the ToR of RAN2 [4], it is clear that RAN2 is the WG who is responsible for “radio interface protocols between UE and RAN”. Then, given that the NCR-MT has the UE functionality to a large extend, we assume that when the WI starts, RAN2, or in the case for OAM, RAN3, will be responsible for determining how to best specify signalling between the gNB and the NCR-MT. For example, the decision whether something should be signalled over RRC or MAC is a decision for RAN2, including how such signalling should look like.
[bookmark: _Toc111235230]Similar to how RAN2 is responsible for specifying higher layer protocols between the gNB and the UE, RAN2 is responsible for specifying higher layer protocols between the gNB and the NCR-MT.
As we will explain in the following, with respect to different topics such as beam control, ON-OFF, power control, etc. before going into the details of the signaling, we need to know what/if side control information is required. Therefore, we believe that the discussions on the signalling should be postponed until we reach a common understanding on the required side control information in AI 9.8.1.
[bookmark: _Toc111235231]Decide on signaling when the side control information discussions have progressed further.
In RAN1#109-e [3], it was agreed that the time at which the NCR applies an access link beam indication should be considered. With this respect, and considering other configurations, it is worth noting that, in NR, the configuration application delay for different legacy DCIs depends mainly on the design principle of each DCI signaling. For example, HARQ ACK, DL and UL scheduling have associated K0/1/2 parameters ensuring common understanding on gNB and UE side when certain configured operation should take place. Some other DCIs, e.g., DCI format 2_0 and DCI format 2_5 start from the slot when the DCI format was detected. Depending on how each NCR side control signaling, e.g., beamforming and ON/OFF etc. is configured and signaled, NCR and gNB require a similar mechanism to know when to apply certain configuration and when a certain configuration is applied, respectively. 
[bookmark: _Toc111235232]The side control signal application delay depends on the design of each signaling. 
Beamforming signalling
For Rel-18 NCR, the following agreements on beamforming control were made in the RAN1#109-e meeting [3].
	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
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


With respect to the access link beamforming for the NCR-Fwd, we believe that both dynamic and semi-static beam indication, i.e., Option #2-3 in the agreement above, should be supported, as it improves the signaling efficiency and performance. Broadcast NR signals such as SSB, CORESET0 and PRACH are transmitted periodically and can hence be configured semi-statically. This would allow minimal gNB-NCR interaction when no UE is served via the NCR. For the above signals, there is no need for the NCR to have any dynamic configuration for the purpose of their forwarding and that also includes the beam configuration on the UE-side. It is very different for dedicated or UE-specific signals/channels, e.g., PDCCH, PDSCH, PUCCH, PUSCH or UE-specific reference signals for channel quality or interference measurements. These signals are transmitted in random directions, subject to individual scheduling decisions and therefore would benefit greatly from dynamic beamforming. 
As discussed in our accompanying contribution [2], the NCR is not expected to have any signal and channel awareness for signals and channels forwarded by the NCR-Fwd. This assumption should be the baseline for the design of the side control information. For controlling the access link beamforming of the NCR-Fwd, it is the gNB’s responsibility to provide configurations where cell-common signals and channels are prioritized over other aperiodic or periodic signals and channels without requiring any signal and channel awareness at the repeater node. 
[bookmark: _Toc110635655][bookmark: _Toc111235233]RAN1 to support both dynamic and semi-static beam indication for the access link beamforming of the NCR-Fwd.
[bookmark: _Toc111235234]Cell-specific signals and channels have priority over other signals and channels.
The relation between semi-static configurations and dynamic indications is not straightforward, though. Dynamic indication typically takes precedence over semi-static configuration. As discussed above, in an NCR, some semi-static configuration must be allowed to be prioritized ahead of dynamic indications, like broadcast and cell-specific signals, whereas other semi-static configurations, like periodic CSI-RS measurement must not. Without any signal and channel awareness, the NCR may not on its own know which of the semi-static configurations should be prioritized before dynamic indications and which should not.
[bookmark: _Toc111235226]Dynamic indication typically takes precedence over semi-static configuration.
[bookmark: _Toc111235227]Without signal or channel awareness, the NCR cannot independently select which semi-statically configured signals and channels to prioritize before dynamic indications.
Instead, the prioritization can be managed by the gNB such that the dynamic indication includes a reference to the semi-static configuration for the symbols or slots where the semi-static configuration should take precedence.
[bookmark: _Toc111235235]Allow the dynamic signaling to indicate that the semi-static configuration is given precedence for a given symbol or slot.
In the RAN1#109e meeting, two beam indication options, namely, a beam index or an index of a source reference signals, were suggested regarding the access link beam indication, and RAN1 should select between these options (or, their combination). With this respect, it is worth noting that the legacy beam indication framework based on reference signals is useful for two functionally separated nodes like a gNB and a UE where the gNB has no interest in knowing about the internal beam properties of the UE, and vice versa. Also, legacy beam indication framework is based on the gNB and UE both having the channel/signal awareness while the NCR-Fwd unit knows neither about the reference signals nor what data/signal is being forwarded. Finally, without a spatial relation between NCR-Fwd beams, which is the case with a reference signal-based solution, the performance of RRM measurements can be severely decreased, especially with an increased number of NCR-Fwd access beams. Instead, using beam indices allows the gNB to mimic how it utilizes its own beams, i.e., by knowing their relative properties. This fits well the NCR concept as an extension of the gNB. Particularly, using beam indices, the gNB can learn about the spatial arrangement among the repeater node access beams e.g., from a repeater node report. For these reasons, as we have also explained in our accompanying contribution [2], it is preferred to use the logical beam index for the access side beam indication.
[bookmark: _Toc111235236]RAN1 to focus on the required signaling to enable access beam indication via logical beam index.
In RAN1#109-e, it was agreed that for the time-domain granularity of the access link beam indication, one or both of the slot-or symbol-level options can be considered. With this respect, one needs to develop the signaling methods to enable the gNB to efficiently control the adaptation of the repeater beams according to dynamically scheduled signals/channels, using, e.g., beam indices. Here, it is desired that the time indications can have variable time resolutions in both slot- and symbol-level, to support the underlying signals/channels which are known to the gNB, but not necessarily known to the repeater node. In this case, the gNB can provide the NCR with a set of higher-layer parameters, which will be used jointly with a dynamic signaling, e.g., Downlink Control Information (DCI), to indicate the repeater node’s beams and the associated time states.
RAN1 to support variable time resolution for the time-domain access link beam indication.Timing signalling
For Rel-18 NCR, the following agreements on timing signaling were made in the RAN1#109-e meeting [3].
	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

Agreement
The time at which the NCR applies an access link beam indication should be considered.


We expect that the existing timing framework for the NCR-MT, including the NCR-MT DL Rx timing and NCR-MT UL Tx timing, can be re-used and is in principle sufficient for NCR to set or determine signal timing and coordinate beam switching. Especially, we think internal delay can be handled by implementation and therefore no signaling is required for internal delay. 
[bookmark: _Toc111235237]No signaling is required for internal delay since it can be handled by implementation.
TDD configuration signalling
For Rel-18 NCR, the following agreements on UL/DL TDD signaling were made in the RAN1#109-e meeting [3].
	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.


It is reasonable to assume that all UEs in the serving cell have in principle the same semi-static TDD configuration. From that it follows that also the semi-static transmission direction (i.e., UL or DL) and the dynamically indicated transmission direction (i.e., flexible symbol) of the NCR-Fwd function can be principally derived from the NCR-MT configurations and there is no need for additional TDD configuration provided the repeater node.
[bookmark: _Toc111235228]There is no directional conflict between the repeater’s operation on backhaul and access link. Operation on both links follows the same TDD configuration.
[bookmark: _Toc111235238]No additional signalling is required for flexible symbols provided the use of flexible symbols for UEs adheres to the MT’s configuration of flexible symbols.
ON/OFF signalling
For Rel-18 NCR, the following agreements on ON/OFF signaling were made in the RAN1#109-e meeting [3].
	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.


[bookmark: _Hlk111190891][bookmark: _Hlk111190484]The repeater node has, from an external point of view, two functions, the NCR-MT and the NCR-Fwd, that are transmitting (and receiving). For the NCR-MT, there already exists a power saving framework based on RRC states RRC_CONNECTED, RRC_INACTIVE and RRC_IDLE. Considering the NCR-Fwd’s reliance on the NCR-MT, ON/OFF of the NCR-Fwd will depend on the NCR-MT’s RRC state. For the case where the NCR-MT is in active mode, it is evident that the NCR-Fwd will follow any configuration or indication as received by the NCR-MT. For the case where the NCR-MT is in inactive or idle mode, the NCR-Fwd’s behaviour is less evident. Two straightforward alternatives can be identified; either the NCR-Fwd follows its semi-static configuration, thereby upholding the cell coverage, or its activities follows the NCR-MT’s RRC state, see Table 1. Both options are feasible but the benefit with RRC inactive or idle modes for the NCR-MT without also including the NCR-Fwd is of limited value considering the substantially higher power consumption by the NCR-Fwd. An extended NCR-Fwd OFF would be managed by a reconfiguration of the semi-static configuration to OFF.
[bookmark: _Ref111038293]Table 1: Relation between MT’s RRC state and Fwd’s ON/OFF behavior.
	
	MT in RRC_CONNECTED
	MT in RRC_INACTIVE or RRC_IDLE

	Fwd ON or OFF?
	Fwd follows its semi-static configuration and/or dynamic indication.
	1. Fwd follows its semi-static configuration, or
2. Fwd follows the MT’s RRC state?



[bookmark: _Toc111235239]The NCR-MT can reuse the existing power saving signalling framework.
[bookmark: _Hlk111118906][bookmark: _Toc111235240][bookmark: _Hlk111118782]Two alternatives are identified for Fwd operation in case of MT is in RRC_INACTIVE or RRC_IDLE:
[bookmark: _Toc111235241]Fwd follows its semi-static configuration, or
[bookmark: _Toc111235242]Fwd follows the MT’s RRC state.
Regarding the ON/OFF signalling for the NCR-Fwd, it is worth noting that OFF signalling is mutually exclusive from beam indication in the sense that no beam needs to be configured if repeater-Fwd is configured OFF and vice versa. For that reason, OFF can be viewed as a null beam, or a special state of the beam configuration, and will benefit from both semi-static and dynamic signalling.
[bookmark: _Toc111235229]The requirements for repeater-Fwd ON/OFF are very similar to the repeater-Fwd beamforming requirements in its need for both semi-static and dynamic signalling and can be studied together with that.
Power control
Because the NCR-MT has similar functionalities as a UE, it can inherit legacy UE power control and, thereby, no further signaling is required for the NCR-MT power control. 
With respect to the NCR-Fwd, due to, e.g., power amplifiers efficiency, it is desirable that the NCR operates with a gain as high as possible most probably all the time. Then, the receive power of the UE signals is usually gNB controlled (TPC); UE signals are ideally received with very similar power levels. Because of that, it can also be assumed that UE signals received by the NCR can be at very similar power level. Moreover, as we have also explained in our accompanying contribution [2], the NCR-Fwd gain control must not jeopardize the gNB’s ability to power control the UE, e.g., by operating on the same or similar time constants as the UE power control. Finally, given that the NCR is a less capable node than a gNB and the gNBs typically do not have power control for network interference management, it does not make sense to have gain control for network interference management in NCRs. For these reasons, even if required, the NCR-Fwd gain control is a matter of higher layer signalling (and therefore rather a matter of RAN2/3), e.g., OAM, with a significantly longer time constant than that of the UE power control. 
We think that the only case for which gain control may be of interest is to interrupt the NCR self-oscillations. In such cases where the NCR’s transmitted signal may unexpectedly be reflected back to its receive antennas and put the NCR in an unstable state, the NCR can reduce the amplification gain to avoid self-oscillations and inform the gNB accordingly.
[bookmark: _Toc111235243]The NCR-MT can inherit legacy UE power control.
[bookmark: _Toc111235244]Even if required, NCR gain control is a matter of higher layer signalling and should be limited to repeater self-oscillation.
Different companies have different understanding about the principal purpose of repeater power control. As this can have impact on the specification of the power control signalling, we think discussions in this matter should wait until the purpose of power control is worked out in AI 9.8.1.
[bookmark: _Toc111235245][bookmark: _Toc111221254][bookmark: _Toc111221316][bookmark: _Toc111221402][bookmark: _Toc111221524][bookmark: _Toc111232965][bookmark: _Toc111235165][bookmark: _Toc111221255][bookmark: _Toc111221317][bookmark: _Toc111221403][bookmark: _Toc111221525][bookmark: _Toc111232966][bookmark: _Toc111235166]Signalling for NCR power control to be down prioritized in RAN1 discussions until RAN1 has a consensus on the purpose for the power control.
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Conclusion
In the previous sections we made the following observations: 
Observation 1	Dynamic indication typically takes precedence over semi-static configuration.
Observation 2	Without signal or channel awareness, the NCR cannot independently select which semi-statically configured signals and channels to prioritize before dynamic indications.
Observation 3	There is no directional conflict between the repeater’s operation on backhaul and access link. Operation on both links follows the same TDD configuration.
Observation 4	The requirements for repeater-Fwd ON/OFF are very similar to the repeater-Fwd beamforming requirements in its need for both semi-static and dynamic signalling and can be studied together with that.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Similar to how RAN2 is responsible for specifying higher layer protocols between the gNB and the UE, RAN2 is responsible for specifying higher layer protocols between the gNB and the NCR-MT.
Proposal 2	Decide on signaling when the side control information discussions have progressed further.
Proposal 3	The side control signal application delay depends on the design of each signaling.
Proposal 4	RAN1 to support both dynamic and semi-static beam indication for the access link beamforming of the NCR-Fwd.
Proposal 5	Cell-specific signals and channels have priority over other signals and channels.
Proposal 6	Allow the dynamic signaling to indicate that the semi-static configuration is given precedence for a given symbol or slot.
Proposal 7	RAN1 to focus on the required signaling to enable access beam indication via logical beam index.
Proposal 8	No signaling is required for internal delay since it can be handled by implementation.
Proposal 9	No additional signalling is required for flexible symbols provided the use of flexible symbols for UEs adheres to the MT’s configuration of flexible symbols.
Proposal 10	The NCR-MT can reuse the existing power saving signalling framework.
Proposal 11	Two alternatives are identified for Fwd operation in case of MT is in RRC_INACTIVE or RRC_IDLE:
Proposal 12	Fwd follows its semi-static configuration, or
Proposal 13	Fwd follows the MT’s RRC state.
Proposal 14	The NCR-MT can inherit legacy UE power control.
Proposal 15	Even if required, NCR gain control is a matter of higher layer signalling and should be limited to repeater self-oscillation.
Proposal 16	Signalling for NCR power control to be down prioritized in RAN1 discussions until RAN1 has a consensus on the purpose for the power control.
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