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1 Introduction

The WI on the Network Controlled Repeater has been approved in [1] in RAN#97e. The objective is shown below:

	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 behavior 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 contribution, we discuss the RAN2 led objectives and share our views. 
2 Discussion
2.1  Configuration of signalling for side control information
In the NCR WID, one of the RAN2 led objectives is to specify control plane signaling for side control information indication. According to TR [2], the necessary configuration of signalling for L1/L2 side control information indication contains:

-
The configurations of PHY channels to carry the L1/L2 signaling including 

-
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 including

-
The configurations for DCI.

-
The configurations for UCI, if needed.

-
The configurations for MAC CE, if needed.

It is also captured in TR that “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.”
According to the TR, there are 3 options for the NCR-MT to 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.

Since the L1/L2 signaling for side information transmission are generated by gNB, it is natural to reuse existing signaling and configuration. Compared to OAM and hard-coded solution, RRC solution is more flexible. Furthermore, RRC solution (option 1) can fully utilize existing NR control plane procedure and signaling, which will reduce the specification work load as much as possible.
Proposal 1: 
Use RRC signalling(Option 1) to configure NCR-MT to receive the L1/L2 signalling of side control information. 

In the WID, several side control information needs to be specified: TDD UL/DL configuration, beam indication, and ON-OFF information. The potential signaling for side control information includes semi-static configuration and dynamic indication. Since the side control information are more or less related to physical layer, and RAN1 is continue discussing the details, it is better for RAN2 to wait for RAN1’s conclusion before discussing RAN2 specification impacts.
Proposal 2:
RAN2 waits for RAN1’s conclusion on the details of side control information.

Following figure shows the general procedure of NCR setup, it includes configuration of NCR-MT for receiving L1/L2 side control information, and receiving the side control information from the gNB.
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Figure 1: Procedure of NCR setup
Step 1: NCR-MT selects a NR cell and initiates RRC establishment procedure. NCR-MT indicates the “UE type” in Msg5 or UE capability.

Step 2: After gNB recognizes the NCR-MT, the gNB configures NCR-MT for receiving L1/L2 side control information. (Note, the configuration may be sent in the first RRCReconfiguration message).

Step 3: The gNB indicates side control information to NCR-MT via L1/L2 signalling (details up to RAN1).

Step 4: NCR-MT forwards the side control information to NCR-Fwd. (this is up to NCR implementation; no specification is needed).

Step 5: NCR-Fwd starts forwarding and behaves according to the received side control information.

2.2  Support of SRB/DRB
The NCR is an enhancement of traditional RF-repeater, the main functionality is to amplify and forward UE’s data under network’s control. In this sense, NCR-MT is not expected to establish normal 5G services (e.g. video or voice call). It seems DRB is not necessary for NCR-MT.

Observation 1: NCR-MT is not expected to establish normal 5G services, so DRB seems not necessary for NCR-MT

Signaling only connection is supported since Rel-15. But there are some limitations defined in specifications. For example, SRB2 is not configured, and handover or RRC Re-establishment cannot be triggered. However, as discussed in this document, handover and RRC re-establishment are needed for NCR-MT in some scenarios.
Observation 2: “Signalling only connection” is introduced in Rel-15. In this case, SRB2 and DRB are not configured and the UE cannot trigger handover or RRC re-establishment.

On the other hand, if OAM connectivity is needed for NCR-MT, then PDU session and DRB could be the simple option for transmitting the OAM traffics, this is similar to IAB. 

Thus, if DRB is not supported for NCR-MT, then we remove the limitations added to “Signalling only connection”, for instance, allow the establishment of SRB2, handover and cell (re)selection. Otherwise, the simpler way is to allow DRB configuration for NCR-MT, then current spec can be fully reused.

For simplicity, we suggest to confirm that both SRB (SRB 0/1/2) and DRB are supported by NCR-MT.
Proposal 3: 
NCR-MT supports SRB (SRB 0/1/2) and DRB. 

2.3  Applicable RRC states

As a network-controlled repeater, NCR-MT is supposed to always in RRC Connected mode for receiving semi-static and dynamic side control information.  
Observation 3: NCR-MT is supposed to be always in RRC_CONNECTED state during its operation.

RRC INACTIVE is introduced to balance UE power consumption and delay of RRC state transition. For NCR-MT, transition to RRC_INACTIVE brings very limited power saving benefit because the power consumption of NCR-Fwd is much higher and the power consumption of NCR-MT can be ignored. And NCR device is assumed to have stable power supply.
Furthermore, RAN1 is discussing the fallback mechanism for NCR, when NCR-MT enters RRC_IDLE/INACTIVE states, the NCR-Fwd can still work as a traditional RF-repeater. However, even for the purpose, we did not see much benefit for supporting RRC_INACTIVE state mainly because the power saving gain is limited to NCR. In addition, SDT is not needed for NCR-MT, so we think that supporting RRC_CONNECTED and RRC_IDLE states are enough.
Proposal 4:
As a baseline, NCR-MT supports RRC_CONNECTED and RRC_IDLE states. 
2.4  IDLE mode behaviors 

Although NCR is regarded as stationary device, it makes sense to support IDLE mode functions such as idle mode RRM measurements and cell (re)selection, so NCR can be deployed without pre-setting the access cell(s). Such behavior is similar to legacy UEs.

Proposal 5: NCR-MT supports IDLE mode RRM measurements and cell (re)selection (same as legacy UE).

On the other hand, NCR-MT needs to know whether the NR cell supports NCR functionality before initiating RRC establishment, so the gNB can indicate “NCR supported” in SIB1 to facilitate NCR cell selection, such indication can either be an explicit indicator, or based on the presence of other NCR specific configuration (if introduced) in SIB1.
Proposal 6:
gNB can indicate in SIB1 whether the cell supports NCR operation (FFS on explicit or implicit indication).
Another issue for IDLE mode is whether the access control mechanism for legacy UE is applicable for NCR-MT. 

We understand the RRC connection request initiated by NCR-MT should not be barred or delayed during the network congestion, thus UAC should not be applicable to NCR-MT. And we think it is beneficial for NCR-MT to access a cell which is barred for normal UE. The NCR-Fwd can still forward the system information in this case, so the NCR-MT should ignore the cellBarrd and IFRI in MIB, similar to IAB-MT.
Proposal 7:
Cell barring indication and UAC configuration are not applicable to NCR-MT. 

2.5  Connected mode behaviors

Although the NCR-MT is stationary device, the cell quality may change due to many reasons, so RLM/RLF and BFD/BFR function should be supported by NCR-MT, so the NCR-MT can reconnect the cell (via RRC reestablishment, BFR) when cell quality degrades. And, RLM and BFD on the control link can server as backhaul link monitoring function when control link and backhaul link operate in the same frequency carrier.
Proposal 8:
NCR-MT supports RLM, BFD and corresponding failure handling procedures (same as legacy UE).
When NCR-MT is in RRC Connected mode, the serving cell’s quality may fluctuate due to blockage, e.g. movement of people or cars nearby. RRM measurements in RRC Connected mode allows the gNB to handover the NCR-MT to a cell with better radio signal quality. Or the gNB may use handover to switch the NCR to amplify another frequency layer, so it is beneficial to support RRM measurements and handover functions. 
Proposal 9:
NCR-MT supports RRM measurements and handover (same as legacy UE). 

The legacy NR UE can report overheating condition to gNB when overheating problem occurs. For NCR, overheating problem may also happen, so it is reasonable for NCR-MT to support overheating reporting. However, NCR-MT and NCR-Fwd may be implemented as separate physical modules, thus the overheating status of NCR-MT and NCR-Fwd may be different.
Considering the different functions of NCR-MT and NCR-Fwd, it makes sense to differentiate NCR-MT and NCR-Fwd in overheating reporting, so the gNB can take different actions. For example, if the NCR-Fwd is experiencing overheating but the NCR-MT is not, the gNB may indicate “OFF” to the NCR-MT to turn off RF forwarding. If the NCR-MT is experiencing overheating but NCR-Fwd is not, the gNB may release the NCR-MT to RRC_IDLE, at the same time, gNB can indicate a “ON-OFF” pattern to the NCR-Fwd, so the NCR-Fwd can still work as a traditional RF-repeater.
So based on above analysis, we suggest RAN2 to discuss overheating reporting for NCR, and take the differentiation of NCR-MT and NCR-Fwd into consideration.
Proposal 10:
NCR-MT supports overheating reporting procedure (via UEAssistantInformation). And the overheating status of NCR-MT and NCR-Fwd can be reported separately.
3. Conclusion

Observation 1: NCR-MT is not expected to establish normal 5G services, so DRB seems not necessary for NCR-MT

Observation 2: “Signalling only connection” is introduced in Rel-15. In this case, SRB2 and DRB are not configured and the UE cannot trigger handover or RRC re-establishment.

Observation 3: NCR-MT is supposed to be always in RRC_CONNECTED state during its operation.

Proposal 1: 
Use RRC signalling(Option 1) to configure NCR-MT to receive the L1/L2 signalling of side control information. 

Proposal 2:
RAN2 waits for RAN1’s conclusion on the details of side control information.

Proposal 3: 
NCR-MT supports SRB (SRB 0/1/2) and DRB. 

Proposal 4:
As a baseline, NCR-MT supports RRC_CONNECTED and RRC_IDLE states. 
Proposal 5: 
NCR-MT supports IDLE mode RRM measurements and cell (re)selection (same as legacy UE).

Proposal 6:
gNB can indicate in SIB1 whether the cell supports NCR operation (FFS on explicit or implicit indication).
Proposal 7:
Cell barring indication and UAC configuration are not applicable to NCR-MT. 

Proposal 8:
NCR-MT supports RLM, BFD and corresponding failure handling procedures (same as legacy UE).
Proposal 9:
NCR-MT supports RRM measurements and handover (same as legacy UE). 

Proposal 10:
NCR-MT supports overheating reporting procedure (via UEAssistanceInformation), and the overheating status of NCR-MT and NCR-FDW can be reported separately.
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