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1 Introduction
The work scope of NR network-controlled repeaters was discussed in RAN#94 meeting [1], and the objectives for the SI were agreed as the following:
	· The study on NR smart repeaters are to focus on the following scenarios and assumptions:
· [bookmark: OLE_LINK16][bookmark: OLE_LINK19][bookmark: OLE_LINK17][bookmark: OLE_LINK18]Smart 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 smart repeaters
· Smart repeaters are transparent to UEs.
· Smart repeater can maintain the gNB-repeater link and repeater-UE link simultaneously. 
NOTE1: Cost efficiency is a key consideration point for smart repeaters.
· Study and identify which side control information below is necessary for smart repeaters including assumption of max transmission power [RAN1]:
· Beamforming information
· Timing information to align transmission / reception boundaries of smart 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]
· Study the following aspects of smart repeater management
· Identification and authorization of smart repeaters [RAN2, RAN3]
NOTE2: Coordination with SA3 may be needed.


In this document, we review some typical side control information (SCI) and discuss which is/are the enabling SCI for NR network-controlled repeaters.
2 Discussion
2.1 Beamforming information
	Agreement (RAN1#109e)
From the perspective of signalling 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
· [bookmark: OLE_LINK21][bookmark: OLE_LINK22]Option #2-3: Dynamic beam indication and semi-static beam indication
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.
The time at which the NCR applies an access link beam indication should be considered.
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 signalling


[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK38][bookmark: OLE_LINK39][bookmark: OLE_LINK9][bookmark: OLE_LINK15][bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK20]According to the agreement in RAN1#109e, beam information is beneficial and recommended as the side control information for network-controlled repeater to control the behavior of NCR at least for access link. For access link beam indication, following are some aspects that need to be discussed:
· The scenarios for semi-static and dynamic indication
· Some beam indication details
[bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK23][bookmark: OLE_LINK24]For broadcast signals/channels, e.g., SIBX, CORESET#0, Paging, RO for Msg1 transmission, they are transmitted periodically in basically fixed direction, and the gain provided by the wide beam could meet their performance requirements, so the semi-static beamforming information is more suitable. 
[bookmark: OLE_LINK49][bookmark: OLE_LINK52]For UE special signals/channels, e.g., PDCCH, PDSCH, PUCCH, PUSCH or UE-specific reference signals for channel quality or interference measurements, they are transmitted in specific directions and only the gain provided by the narrow beam could meet their performance requirements, so the dynamic beamforming information is more suitable. In addition, to reduce the dynamic signalling indication, for UE special signals/channels, a semi-static indicated default beam can be beneficial. The scenarios of semi-static and dynamic indication are shown in Figure 1.


[bookmark: _Ref111043019][bookmark: OLE_LINK81][bookmark: OLE_LINK82][bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK73][bookmark: OLE_LINK74]Figure 1: The scenarios of semi-static and dynamic beam indication
Because NCR only forwards analog signal, it cannot and does not need to know what signal or channel is transmitted for a specific the duration, so the beam indication can only include beam ID and corresponding time domain resource. 
1. Beam ID indication
There are two options for beam ID in the agreement in RAN1#109e:
· Option 1: A beam index
· Option 2: An index of a source RS (e.g. a TCI-like indicator)
For option 1, the procedure can be performed as follows:
Step 1: gNB obtains NCR capability of beam forwarding
The capability can include the maximum number of beams according to UE reporting by RRC/MAC-CE e.g., 1 wide beam for broadcast transmission and 3 narrow beams for UE special directional. The gNB can also obtain other beam information through OAM, such as beam width and direction, which can assist the gNB to configure the RRC parameter and make scheduling decisions.
Step 2: Beam index indication for special time domain duration.
The gNB indicates NCR which beam index is used for special time domain duration (e.g., symbol level). Both dynamic beam indication and semi-static beam indication can be supported. 
To ensure receiving beam information and improve reliability, after receiving the beam indication, the NCR may confirm the beam indication.
[bookmark: OLE_LINK65][bookmark: OLE_LINK66]For option 2, gNB can assign certain number of TCI states to NCR. The number of TCI states should be up to the maximum beam number NCR supported, so the NCR also needs to report the maximum number of beam supported. And confirming the beam indication also helps improve reliability.
2. Time domain information indication
The granularity of beamforming information is another parameter that affects the overhead of SCI. It can be slot-level or symbol-level. There are two possible schemes for the beam indication:
· Option 1 (Figure 2): beam pattern indication by RRC/MAC-CE
· Each symbol is mapped a beam indication.
· [bookmark: OLE_LINK34][bookmark: OLE_LINK35]Duration is one or more slots.
· Benefit of this option is flexible beam indication. 
· The disadvantage of this option is high overhead.

 
[bookmark: _Ref111043151]Figure 2: beam pattern indication
[bookmark: OLE_LINK69][bookmark: OLE_LINK70]To reduce the overhead, the granularity of time indication can be enlarged to sub-slot, but this will reduce flexibility of beam indication at the same time. Considering the trade-off of performance and overhead of indication, at least symbol-level can be used for semi-static configuration by RRC/MAC-CE. 
The new RRC/MAC-CE fields for beam pattern indication are necessary, which may include:
a. [bookmark: OLE_LINK36][bookmark: OLE_LINK37]Duration of beam pattern indication, e.g., {14 symbols, 28 symbols}, {1 slot, 2 slots}
b. Bits number for each beam indication, depending on maximum number of beams supported, e.g., 2 bits can support 4 different beam indication
c. Beam pattern indication, e.g., {0002222333311} (14 symbols, 4 beam). In this example, the bit overhead is 14*2 =28 bits.
d. The period of beam pattern indication, e.g., {10ms, 20ms}
[bookmark: OLE_LINK42][bookmark: OLE_LINK43]The gNB can change the configuration of these fields based on different deployment scenarios, e.g., the different numbers of UEs belonging to the NCR, the different channel parameters and the different interference levels.
· Option 2 (Figure 3): flexible segmentation for a special time duration by RRC parameter configuration and DCI indication
· Segment number M and total duration of all segments are configured by RRC.
· [bookmark: OLE_LINK29][bookmark: OLE_LINK30]Length of each segment is indicated by DCI.
· A beam indication of each segment is indicated by DCI;
· Benefit of this option is low overhead and flexible segment size indication. 


[bookmark: _Ref111043172]Figure 3: flexible segmentation for a special time duration by a DCI
Because of the lower overhead, option 2 can be used for dynamic indication by L1/L2 signalling for UE specific transmission.
New RRC fields for flexible segment indication are necessary, which may include:
a. Duration of flexible segment indication, e.g., {1 slot, 5 slots, 10 slots}
b. Maximum number of beam, e.g., {4, 8}
c. Maximum number of segments M, e.g., {M=3, 4}
The gNB can change the configuration of these fields based on different deployment scenarios.
The new DCI format for flexible segment indication is necessary, which may include the fields:
a. Duration indication of each segment
b. Beam ID indication of each segment
For beam information of access link, both dynamic beam indication and semi-static beam indication can be supported. The semi-static beam indication can be configured by RRC/MAC-CE and the dynamic beam indication can be transmitted in L1.
The semi-static configuration by the RRC/MAC-CE can be at least symbol-level. The dynamic signaling can indicate M segments within a special duration, and each segment has separate length and beam ID indication.
2.2 TDD UL/DL configuration
	[bookmark: OLE_LINK59][bookmark: OLE_LINK60]Agreement (RAN1#109e)
For the signalling of information on UL-DL TDD configuration, if the NCR-MT can acquire the TDD configuration as legacy UEs or from the OAM, new signalling 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 signalling may be necessary.


[bookmark: OLE_LINK91][bookmark: OLE_LINK92]UL-DL TDD configuration is important information for NR network-controlled repeaters. According to the UL-DL TDD configuration, the NR network-controlled repeater determines the transmission and reception directions of each symbol. UL-DL TDD configuration can be obtained from at least one of: 
· SIB1 of donor gNB
· Side control information
· OAM configuration
1. SIB1 of donor gNB
[bookmark: OLE_LINK40][bookmark: OLE_LINK41]UL-DL TDD configuration can be derived in a similar way used by legacy UEs. In NR, there are two methods to transmit information on UL-DL TDD configuration to UE:
· Configuration through SIB1
· Indicated by DCI format 2-0
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]SIB1 can be used to derive the configuration if full protocol stack is implemented in NCR. An issue is how to deal with flexible symbols
To simplify NCR operation, the flexible symbols may not be used for signal amplify-and-forward operation, which means these symbols may be muted by NCR. On other hand, flexible symbols can be used for transmission or reception of SCI on C-link following legacy rules. 
To reduce interference, gNB could also redefine some downlink/uplink symbols as flexible symbols. These symbols will also be muted which is shown in Figure 4. New signalling may be necessary to redefine some downlink/uplink symbols as flexible symbols.


[bookmark: _Ref111043202]Figure 4: Redefine some downlink/uplink symbols as flexible symbols
2. Side control information
As another alternative, the donor gNB can transmit information about UL-DL TDD configuration to NCR by SCI. The advantage is that NCR will not read SIB-1 or RRC message and NCR is not necessary to support full stack. The shortage is that additional new signal is required.
3. OAM configuration
[bookmark: OLE_LINK93][bookmark: OLE_LINK94]The OAM configuration can also be used to indicate the UL-DL TDD configuration to NCR, but the configuration flexibility may be the shortage. 
Comparing the three methods, method 3 is not flexible, which can be used in Repeaters but not suitable for NCR. Method2 requires adding new signalling. Considering that NCR also need to obtain the necessary configuration for receiving the L1/L2 signalling of the side control information from RRC and/or OAM, method 1 is preferred.
[bookmark: OLE_LINK89][bookmark: OLE_LINK90]UL-DL TDD configuration is important information for NCR, and it can be obtained from SIB1 of donor gNB.
For simplicity, the flexible symbols shall not be used for forwarding. New L2 signaling may be necessary to redefine some downlink/uplink symbols as flexible symbols. 
2.3 Timing information
	Agreement (RAN1#109e)
Legacy UE mechanism is sufficient to achieve DL/UL timing for NCR-MT 
For the signalling of the side control information of timing to align transmission / reception boundaries, new signalling may be unnecessary.
· FFS: the impact of internal delay


The NR network-controlled repeater needs timing information to determine the time boundary for transmission/reception. The timing information could be derived in the same way as legacy UEs. 
For downlink, NCR can determine OFDM symbol boundary by detecting PSS and SSS, and read the SFN information from MIB by detecting PBCH to derive the boundary of sub-frame information. For amplify-and-forward operation, coarse timing synchronization seems sufficient. RAN1 can further study whether finer synchronization is required for SCI transmission and reception. 
For uplink, NCR can obtain the TA from RACH process. After TA adjustment, the uplink timing synchronization error can be within the length of CP. For amplify-and-forward operation, this also seems sufficient too. 
[bookmark: _GoBack]Generally speaking, the impact of internal delay is on nanosecond level. This impact has existed in RF repeaters and no significant effect was observed. Even if the internal delay is reported to gNB, the gNB doesn't seem to be able to handle it. So new signalling is not needed for internal delay
Therefore, timing information to align transmission/reception boundaries of NCR can be obtained by NCR implementation, and is not required to be carried by new signal. It is expected that the standardization effort for DL and UL timing determination of NCR can be minimized.
Observation 1 Timing information can be obtained via NCR implementation, and new signaling of L1/L2 is not needed for internal delay. 
2.4 ON-OFF information
	Agreement (RAN1#109e)
For indication of NCR-Fwd ON-OFF for efficient interference management and improved energy efficiency, both dynamic and semi-static indication can be considered 
· [bookmark: OLE_LINK32][bookmark: OLE_LINK33]FFS: RAN1 to consider whether/how to handle the forwarding of broadcast and cell-specific signals/channels.


The ON-OFF information is beneficial for gNB to flexibly control the NR network-controlled repeaters. Generally speaking, only part of time/frequency resources are occupied by the UEs connected to one repeater. There are many blank physical resources which could be power-off for the repeater. Efficient interference management and improved energy efficiency are expected via power on/off. At least for outdoor scenarios, the benefits of ON-OFF information are very clear. In our view, power ON-OFF operation is only for Forward-link (F-link), while the Control-link (C-link) is not affected and should perform as regular UE. Procedures such as DRX configuration can be used to reduce C-link power consumption.
There are two possible alternatives that the ON-OFF information could be transmitted：
· [bookmark: OLE_LINK10][bookmark: OLE_LINK11]RRC/MAC-CE configuration (semi-static)
· Side control information (dynamic)
The configuration of ON-OFF information usually depends on the statistics of the network, so semi-static configuration for ON-OFF information can be supported by the RRC/MAC-CE configuration (e.g., periodic bitmap). Some forwarding of broadcast and cell-specific signals/channels can be turn off, if it will not affect the UE belong to this NCR.
At least, semi-static configuration for ON-OFF information can be supported by the RRC/MAC-CE configuration (e.g., periodic bitmap).
Some forwarding of broadcast and cell-specific signals/channels can be turn off, if it will not affect the UE belong to this NCR.
2.5 Power Control information
[bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK99][bookmark: OLE_LINK100]The Power-Control information is a further enhancement in addition to ON-OFF information. In legacy Rel-17 repeater, the F-link power control is performed by gNB/UE, and it is transparent to repeater. For NCR, at least, no obvious motivation can be found to support dynamic power control. Whether the semi-static power control information is needed or not can be studied.
The scheme of Power-Control information is different for C-link and F-link, which is shown in Figure 5.
· For C-link:
· Power control procedure for normal UE can be re-used, so new signalling of L1/L2 is not necessary.
· For F-link (both access link and backhaul link): 
· Semi-static configuration of power transmission is supported (e.g., by OAM or RRC configuration).
· Dynamic power control is not supported, so new signalling of L1/L2 is not necessary. 


[bookmark: _Ref111043237] Figure 5: Power-Control information for C-link and F-link
For C-link, Power control procedure for normal UE can be re-used, so new signaling of L1/L2 is not necessary.
For F-link (both access link and backhaul link), only semi-static configuration of power transmission is supported by the RRC/MAC-CE configuration and new signaling of L1/L2 is not necessary.
2.6 Identification information (IDI) for the donor gNB and NCR
The Identification information (IDI) for the donor gNB and NCR is necessary which is shown in Figure 6.
Before a NCR (network-controlled repeater) starts to perform amplify-and-forward operation, the NCR will try to access a donor gNB which is upgraded to Rel-18. Only some gNB will be updated to support C-link between donor gNB and NCR, and updated gNB identify information can be indicated to NCR so that NCR-MT can camp on donor gNB.
After a NCR camping on donor gNB, the NCR needs to inform its Identification information to help gNB distinguish it from a normal UE. Then the gNB can transmit SCI to NCR and enable it work more efficiency. 


[bookmark: _Ref111043259]Figure 6: IDI for the donor gNB and NCR
1. Identification information (IDI) for the donor gNB
There are two possible schemes to enable NCR access to the donor gNB:
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Scheme 1：IDI of the donor gNB is indicated after RACH procedure
· In this scheme, NCR does cell search/selection and RACH procedure as regular UE. After radio link is established, gNB will indicate whether SCI transmission is supported or not. If the gNB does not support SCI transmission, NCR will release the connection and repeat the cell search/selection and PRACH, until it finds a gNB that support SCI transmission.
Scheme 2：IDI of the donor gNB is indicated by SIBX 
· In this scheme, after finding a cell with satisfactory signal quality, NCR can obtain IDI of the donor gNB, and select the gNB that supports SCS transmission to perform access procedure.
According to the analysis above, scheme 2 is preferred. Therefore, before the NCR achieve initial access, the IDI for the donor gNB should be broadcasted to all the neighbouring NCRs. The NCR could launch random access after receiving the information. 
2. Identification information (IDI) for the NCR
[bookmark: OLE_LINK50][bookmark: OLE_LINK51]During the random access process, the identification information of the NCR can be transmitted to donor gNB by new signalling of L1/L2/L3, and then the donor gNB could transmit control information to the NCR by SCI. 
The Identification information of the donor gNB and NCR is necessary and can be indicated by new signaling of L1/L2/L3.
3 Conclusion
Observation 1: Timing information can be obtained via NCR implementation, and new signalling of L1/L2 is not needed for internal delay.   
Proposal 1: For beam information of access link, both dynamic beam indication and semi-static beam indication can be supported. The semi-static beam indication can be configured by RRC/MAC-CE and the dynamic beam indication can be transmitted in L1.
Proposal 2: The semi-static configuration by the RRC/MAC-CE can be at least symbol-level. The dynamic signalling can indicate M segments within a special duration, and each segment has separate length and beam ID indication.
Proposal 3: UL-DL TDD configuration is important information for NCR, and it can be obtained from SIB1 of donor gNB.
Proposal 4: For simplicity, the flexible symbols shall not be used for forwarding. New L2 signalling may be necessary to redefine some downlink/uplink symbols as flexible symbols.
Proposal 5: At least, semi-static configuration for ON-OFF information can be supported by the RRC/MAC-CE configuration (e.g., periodic bitmap).
Proposal 6: Some forwarding of broadcast and cell-specific signals/channels can be turn off, if it will not affect the UE belong to this NCR
Proposal 7: For C-link, Power control procedure for normal UE can be re-used, so new signalling of L1/L2 is not necessary.
Proposal 8: For F-link (both access link and backhaul link), only semi-static configuration of power transmission is supported by the RRC/MAC-CE configuration and new signalling of L1/L2 is not necessary.
Proposal 9: The Identification information of the donor gNB and NCR is necessary and can be indicated by new signalling of L1/L2/L3.
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