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1 Introduction
The work scope of NR network-controlled repeaters was discussed in RAN#97-e meeting [1], and the objectives for the WI were agreed as the following:
	The objectives of NR NCR WI follow the recommendations defined in TR 38.867 and will focus on scenarios and assumption listed below:
· Network-controlled repeaters are inband RF repeaters used for extension of network coverage on FR1 and FR2 bands based on the NCR model in TR38.867
· For only single hop stationary network-controlled repeaters
· The NCR is transparent to the UE.
· Network-controlled repeater can maintain the gNB-repeater link and repeater-UE link simultaneously
With these considerations, NR NCR supports the following features:
Specify the signalling and behaviour 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
Specify the solution of network-controlled repeater management (i.e., the identification and authorization/validation of NCR) [RAN3, RAN2]
· NOTE: Down-selection of solutions in section 8 of TR 38.867 is needed taking into account the feedback of other working groups (i.e., SA3 and SA5). From a security point of view, the feasibility of NCR validation procedure in solution 1 and the feasibility of solution 2 will be decided by SA3.The selected solution shall provide inter-vendor interoperability.
Study the RRM functions to be supported and specify the RRM requirements of NCR-MT if necessary [RAN2, RAN4]
Study and specify the RF and EMC requirements of NCR if necessary [RAN4]
Note: The existing requirements defined in RAN4 can be reused if applicable.
Note: The work in RAN4 for beam related is expected to start on FR2 first.


In this document, we review some typical side control information (SCI) and discuss control plane signalling and procedures relevant to RAN1.
2 Discussion
2.1 The configuration for NCR-MT
	Agreement (RAN1#109e)
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.


In RAN2#119e and RAN3#117e, four candidate solutions on NCR management were agreed and captured in TR38.867. Though RAN2 and RAN3 do not explicitly conclude that RRC layer would be supported for NCR, it was observed in one contribution that all candidate solutions in TR 38.867 include RRC connection establishment procedure.
For legacy UEs, the cell common RRC signalling is used to configure the PHY channels to carry the L1/L2 signalling and L1/L2 signalling. The cell common configuration can be received by all the UEs in the cell to establish a link connection. 
For NCR, NCR-MT is able to receive the cell common configuration (e.g., PBCH, SIB1) and access the gNB following a normal UE initial access procedure. NCR-MT can also receive RRC reconfigurations via dedicated RRC signalling. Considering flexibility, the NCR-MT can obtain the necessary configuration for receiving the L1/L2 signalling of the side control information from RRC other than OAM or hard-coded. 
However, the NCR needs to access a donor gNB which is upgraded to Rel-18, and then the NCR-MT between donor gNB and NCR can be supported to transmit SCI. If some configuration of Rel-18 gNB is pre-configured by OAM or hard-coded, it can help NCR search the donor gNB quickly. 
[bookmark: _Ref109547571]The NCR-MT can obtain the necessary configuration for receiving the L1/L2 signaling of the side control information by Option 1(RRC). Option 3 (partially configured by RRC and partially configured by OAM or hard-coded) can help NCR search the donor gNB quickly.
2.2 Initial access procedure of NCR-MT
In the SI, the NCR identification was one of scopes of RAN2/RAN3 and was concluded in TR 38.867. It is noticed that the NCR indication information can be sent in Msg5 or later than Msg5 according to those four candidate solutions on NCR management.
Considering the NCR needs to access a donor gNB which is upgraded to Rel-18, the identity information of the donor gNB also needs to be indicated to the NCR which is shown in Figure 1.


[bookmark: _Ref118212785]Figure 1: The identity information of donor gNB and NCR
There are two possible schemes to indicate the identity information of donor gNB:
Scheme 1：The identity information 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. The identity information is scrambled by NCR specific RNTI. If the gNB does not support NCR access, NCR will release the connection and repeat the cell search/selection and RACH process, until it finds a gNB that support NCR access. The disadvantage is more search time.
Scheme 2：The identity information of the donor gNB is indicated by SIB
· In this scheme, after finding a cell with satisfactory signal quality, NCR can obtain the identity information of the donor gNB which is indicated by some new IEs of SIB or a NCR special SIB. The NCR special SIB means that its corresponding Type0-PDCCH is scrambled by NCR specific RNTI.
Scheme 3：The identity information of the donor gNB is pre-configured by OAM or hard-coded
· In this scheme, some configuration of Rel-18 gNB is pre-configured by OAM or hard-coded, such as frequency point and cell ID list. The configuration can help NCR search the Rel-18 donor gNB. The disadvantage is less flexibility.
According to the analysis above, scheme 2 is preferred. Therefore, before the NCR achieve initial access, the identity information for the donor gNB should be broadcasted to all the neighbouring NCRs. The NCR could launch random access after receiving the information. 
Legacy initial access procedure is reused for NCT-MT. 
The identity information of the donor gNB is preferred to be indicated by SIB.
2.3 PHY channels of NCR-MT
2.3.1 PUCCH (UCI) and PUSCH
	Agreement (RAN1#110-bis)
HARQ-ACK feedback for PDSCH carrying the side control information from higher layer (e.g., MAC-CE, RRC) is supported. The legacy HARQ-ACK feedback mechanism is reused.
· FFS: Whether HARQ-ACK feedback for PDCCH carrying side control information is supported
· Note: This does not mean all legacy HARQ-ACK feedback mechanism will be supported.
PUCCH and PUSCH are supported for NCR-MT.


The NCR should comply with standard UE and NCR-MT can follow legacy UE behaviour. For SCI for NCR, it is supported ACK/NACK for higher layer signalling (semi-static configuration) as already supported by legacy signalling, but not for lower layer signalling (dynamic indication) since the low latency requirements of dynamic indications will render ACK/NACK (HARQ) useless and cause excessive overhead.
Furthermore, considering the low MCS and low rate of channel encoding of PDCCH, the demodulation performance of PDCCH can be regarded as good enough to SCI transmission. Moreover, the most cases of the C-link path between gNB and NCR is LOS scenario, and the SINR can satisfy the requirement of PDCCH transmission. So HARQ-ACK feedback for PDCCH carrying side control information does not need to be supported.
HARQ-ACK feedback for PDCCH carrying side control information does not need to be supported.
2.3.2 PDCCH (DCI)
The new DCI format can at least be used for dynamic access link beam indication or/and the ON/OFF information which is only required for NCR-Fwd and different from typical UEs.
For dynamic access beam indication, a new DCI format can be designed for flexible segment indication, which may include the fields:
a. Duration indication of each segment
b. Beam ID indication of each segment
For dynamic ON/OFF information, a new DCI format can be designed for ON/OFF pattern indication, which may include the fields:
a. The configuration of ON/OFF information(e.g., the granularity and priority)
b. The index of ON/OFF pattern
Furthermore, a new DCI format can be designed for both the dynamic access link beam indication and the ON/OFF information. One field of this DCI format indicates the type of information. The field of DCI format which is shown in Table 1.
[bookmark: _Ref118229471]Table 1: The field of DCI format for both beam indication and ON/OFF information
	Field name
	Information

	Information type
	0: beam indication
1: ON/OFF information

	Duration indication of each segment 
	when information type is 0.

	The configuration of ON/OFF information
	when information type is 1.

	Beam ID indication of each segment
	when information type is 0.

	The index of ON/OFF pattern
	when information type is 1.


The new DCI format can at least be used for dynamic access link beam indication or/and the ON/OFF information.
2.4 TA adjustment, power control and power saving for NCR-MT (C link)
	Agreement (RAN1#110-bis)
The TA adjustment mechanism of legacy UEs is supported for NCR-MT in C link


For C-link and backhaul link performed in TDM way, the switch time between C-link and backhaul link needs to be considered. The length of switch time need to be discussed in RAN4, and it can be reserved between C-link and backhaul link if they transmit continuously. 
For C-link and backhaul link performed simultaneously, the max power of C-link needs to be indicated by the gNB. The max power of C-link should be smaller than the max power of NCR. Otherwise, the total power of C-link and backhaul link will exceed the total power of NCR. The gNB configures the relative value of C-link power and total power of NCR.
According to the discussion in the SI phase, one of the purposes to support NCR-Fwd ON/OFF is to save power of the NCR. For example, when no UE requires the service of the NCR, the gNB can indicate the NCR to ‘OFF’ to save the power consumption. Power saving is not an important requirement of NCR, so no additional measures need to be designed.
For C-link and backhaul link performed in TDM way, the switch time between C-link and backhaul link needs to be considered. For C-link and backhaul link performed simultaneously, the max power of C-link needs to be indicated by the gNB.
No additional measures need to be designed for power saving.
2.5 Beam-relevant functionalities for C link
2.5.1 Beam indication mechanism
	Agreement (RAN1#110-bis)
For NCR-MT which can support adaptive beams in C link, 
· Rel-15 beam indication framework can be reused.
· Rel-17 beam indication framework (i.e., the unified TCI) can be reused as well. The gNB can configure the unified TCI for the NCR-MT, if the NCR-MT supports.


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
In RAN1#110, it is agreed that beam index is used to indicate an access link beam. 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.
2. Time domain information indication
In RAN1#110, it is accepted that both dynamic beam indication and semi-static beam indication are recommended for access link and both slot-level and symbol-level granularity are recommended for the time-domain resource indication and determination of the access link beam. 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.
· Duration is one or more slots.
· Benefit of this option is flexible beam indication. 
· The disadvantage of this option is high overhead.

 
[bookmark: _Ref118236457]Figure 2: beam pattern indication
The new RRC/MAC-CE fields for beam pattern indication are necessary, which may include:
a. 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}
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.
· 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: _Ref118471793]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
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.
2.5.2 Beam management
	Agreement (RAN1#110-bis)
To support CSI measurement/reporting mechanisms for NCR-MT in C-link
· The necessary legacy mechanism for receiving CSI-RS is reused for NCR-MT.
· The necessary legacy mechanism for reporting CSI is reused for NCR-MT.
· FFS: The details of the necessary mechanisms will be further discussed and decided.
· Note: this does not mean all the legacy procedures for receiving CSI-RS and reporting CSI will be supported.
To support the sounding procedure for NCR-MT in C link, the necessary mechanism of legacy UE sounding procedure is supported.
· FFS: The details of the necessary mechanism of legacy UE sounding procedure.
· Note: This does not mean all legacy UE sounding procedure will be supported.


To support the beam indication for NCR-MT with adaptive beams in C link, CSI measurement and report as well as the legacy sounding procedure are necessary for beam management. But it does not need to support all functions of them. To simplify configuration, the Rel-15 CSI measurement and report as well as the legacy sounding procedure can be reused. The beam management can also follow the process of Rel-15.
The Rel-15 CSI measurement and report as well as the legacy sounding procedure can be reused. The beam management can also follow the process of Rel-15.
2.6 Features and capabilities
According to the agreement in RAN1#110-bis, simultaneous UL transmission of C-link and backhaul link should be NCR’s capability.
For C-link and backhaul link performed in simultaneous way, the interference between UL of C-link and UL of backhaul link generally comes from the energy leakage of the different filters. The farther the two bands are from each other, the less energy leakage affects them. ​So the intensity of interference depends on the frequency gap between C-link and backhaul link. Because different NCRs use different filters, they have different minimum frequency gap between C-link and backhaul link for simultaneous transmission (anti-interference abilities). 
[bookmark: _GoBack]If the gNB knows NCR’s minimum frequency gap for simultaneous transmission, it can schedule frequency resources of C-link and F-link to satisfy the gap requirement to make sure no interference affect each other. The minimum frequency gap between C-link and backhaul link can be used to report as the NCR’s simultaneous UL transmission capability. NCR can also dynamically switch between simultaneously and TDM transmission. The details of the signaling and rules for dynamic switching need to be discussed.
The minimum frequency gap between C-link and backhaul link is required to ensure no interference for each other when they transmit simultaneously.
The required minimum frequency gap depends on NCR’s simultaneous UL transmission capability, which needs to be reported to gNB. 
Advanced capability NCR can also dynamically switch between simultaneously and TDM way. The details of the signaling and rules for dynamic switching need to be discussed.
3 Conclusion
Proposal 1: The NCR-MT can obtain the necessary configuration for receiving the L1/L2 signaling of the side control information by Option 1(RRC). Option 3 (partially configured by RRC and partially configured by OAM or hard-coded) can help NCR search the donor gNB quickly.
Proposal 2: Legacy initial access procedure is reused for NCT-MT. 
Proposal 3: The identity information of the donor gNB is preferred to be indicated by SIB.
Proposal 4: HARQ-ACK feedback for PDCCH carrying side control information does not need to be supported.
Proposal 5: The new DCI format can at least be used for dynamic access link beam indication or/and the ON/OFF information.
Proposal 6: For C-link and backhaul link performed in TDM way, the switch time between C-link and backhaul link needs to be considered. For C-link and backhaul link performed simultaneously, the max power of C-link needs to be indicated by the gNB.
Proposal 7: No additional measures need to be designed for power saving.
Proposal 8: The semi-static beam indication can be configured by RRC/MAC-CE and the dynamic beam indication can be transmitted in L1.
Proposal 9: 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 10: The Rel-15 CSI measurement and report as well as the legacy sounding procedure can be reused. The beam management can also follow the process of Rel-15.
Proposal 11: The minimum frequency gap between C-link and backhaul link is required to ensure no interference for each other when they transmit simultaneously.
Proposal 12: The required minimum frequency gap depends on NCR’s simultaneous UL transmission capability, which needs to be reported to gNB. 
Proposal 13: Advanced capability NCR can also dynamically switch between simultaneously and TDM way. The details of the signalling and rules for dynamic switching need to be discussed.
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