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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. 
[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).
2.2 PHY channels of NCR-MT
2.2.1 HARQ for PDCCH
	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 semi-static indication by RRC signalling, it is supported ACK/NACK of PDSCH as already supported by legacy UE to improve reliability. However, for dynamic indication by DCI, it is not supported ACK/NACK of PDCCH by legacy UE since the low latency requirements of dynamic indications will render ACK/NACK (HARQ) useless and cause excessive overhead.
[bookmark: _GoBack]Furthermore, by adjusting the aggregation level and number of repetitions, the demodulation performance of PDCCH can be adjusted to meet SCI transmission requirement. Generally, the most cases of the C-link path between gNB and NCR is LOS scenario, and the SINR usually meets the minimum requirement of PDCCH transmission. Due to time constraint, HARQ-ACK feedback for PDCCH carrying side control information is not supported in Rel-18.
Due to time constraint, HARQ-ACK feedback for PDCCH carrying side control information is not supported in Rel-18.
2.2.2 DCI format
	Agreement (RAN1#111)
· Legacy Rel-15 initial/random access procedure is supported for NCR-MTs in C link. 
· Note: No additional enhancement is necessary from RAN1 point of view.
· The CRC bits of the PDCCHs carrying side control information are scrambled by a new dedicated RNTI 
· Applicable only for NCR-MT



A new DCI format (e.g., DCI format 5-0) can be introduced for dynamic access link beam indication which is only required for NCR-Fwd and different from typical UEs. Like DCI format 2-0, the maximum length of DCI format 5-0 should not exceed 128bits.
For dynamic access beam indication, a new DCI format can be designed for aperiodic indication with the following information field: 
·  fields are used to indicate the beam information and each field refers to one beam index ; 
· Note: The bitwidth of this field is determined by the number of beams used for access link. 
·  fields to indicate the time resource;
· Note: A list of time resource is pre-defined by RRC signalling. The bitwidth of this field for time resource indication is determined by the length of list. 
· Down-select between or .
The bitwidth of beam information is determined by the number of beams  used for access link, which is calculated by:

The bitwidth of time resource information is determined by the length of time resource list  used for access link. For flexibility of indication,  is preferred. The bitwidth of time resource information for is calculated by:

The  and  is configured by gNB through RRC. The actual number of beams indicated can be less than .

The new DCI format (e.g., DCI format 5-0) can be used for dynamic access link beam indication with a maximum length of 128bits.
The maximum number of beams used for access link () and the maximum number of beam indication field () are configured by gNB through RRC. The actual number of beam indicated can be less than.
2.3 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 operated in TDM way, the switching 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 operated 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. As power saving is not an important requirement of NCR, no additional enhancement needs to be designed.
For C-link and backhaul link operated in TDM way, the switching time between C-link and backhaul link needs to be considered. 
For C-link and backhaul link operated simultaneously, the max power of C-link needs to be indicated by the gNB.
No additional enhancement is for repeater power saving.
2.4 Features and capabilities
2.4.1 Frequency gap
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). 
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 reported via OAM 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 required minimum frequency gap depends on NCR’s simultaneous UL transmission capability, which needs to be reported to gNB via OAM. 
Advanced capability NCR can also dynamically switch between simultaneously and TDM way. 
2.4.2 Internal delay
For legacy RF repeater, the impact of internal delay is nanosecond level and no significant effect was observed. So it is not necessary to report the internal delay of legacy RF repeater to gNB. However, for advanced capability NCR, in order to reduce interference and noise, it can filter the received signal in frequency domain before forwarding which will cost a much longer internal delay than legacy RF repeater. The internal delay of this advanced capability NCR will affect the coverage distance of NCR. So it is necessary to report the internal delay of NCR to gNB via OAM. The gNB will design the network deployment according to the internal delay of NCR.
As NCR may have different capability in term of internal delay, it is beneficial to report the internal delay to gNB via OAM.
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).
Proposal 2: Due to time constraint, HARQ-ACK feedback for PDCCH carrying side control information is not supported in Rel-18.
Proposal 3: The new DCI format (e.g., DCI format 5-0) can be used for dynamic access link beam indication with a maximum length of 128bits.
Proposal 4: The maximum number of beams used for access link () and the maximum number of beam indication field () are configured by gNB through RRC. The actual number of beam indicated can be less than.

Proposal 5: For C-link and backhaul link operated in TDM way, the switching time between C-link and backhaul link needs to be considered.
Proposal 6: For C-link and backhaul link operated simultaneously, the max power of C-link needs to be indicated by the gNB.
Proposal 7: No additional enhancement is for repeater power saving.
Proposal 8: The required minimum frequency gap depends on NCR’s simultaneous UL transmission capability, which needs to be reported to gNB via OAM. 
Proposal 9: Advanced capability NCR can also dynamically switch between simultaneously and TDM way.
Proposal 10: As NCR may have different capability in term of internal delay, it is beneficial to report the internal delay to gNB via OAM.
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