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Introduction
During RAN2 #119bis-e meeting, following FFS are captured for NCR:
	· NCR-MT supports RRC_CONNECTED and RRC_IDLE states, FFS on RRC_INACTIVE state (e.g. optional support or not support).
· NCR-MT supports SRB0/1/2 and DRB is optional. FFS on maximum number of DRBs.
· RRM functions supported by NCR-MR:
· Cell selection is mandatory
· Cell reselection, RLM, BFD, BFR are FFS


To conclude on features supported by NCR-MT, in this contribution, we first discuss how to consider the complexity of NCR-MT compared with normal UE and IAB-MT; then discuss the relationship between NCR-MT and NCR-Fwd considering the common link shared between the two. In the end, we further discuss how to indicate NCR capability to gNB, considering two components, i.e. NCR-MT and NCR-Fwd.
Discussion
NCR-MT Functionality
NCR-MT vs. UE
As captured in NCR WID RP-222673 [1], NCR is an enhanced cost effective device over conventional RF repeaters. 
	While an RF repeater presents a cost effective means of extending network coverage, it has its limitations. An RF repeater simply does an amplify-and-forward operation without being able to take into account various factors that could improve performance. A network-controlled repeater is an enhancement over conventional RF repeaters with the capability to receive and process side control information from the network.


However, it is a question on how to understand “cost effective”:
1. NCR-MT is cost effective if it is the same as UE, e.g. reuse legacy UE as much as possible.
2. NCR-MT is cost effective if features are discussed one by one based on the need of NCR-MT.
Based on our understanding, from protocol and general RRC handling perspective, it would be good to reuse legacy UE as much as possible, as they are fundamental design for connection establishment. However, for other features, since NCR deployment scenario is pre-known by operators, it is possible that some mandatory features of a UE is not needed for NCR-MT. For such cases, it would be good to discuss case by case and evaluate whether it can help to reduce the cost.
Observation 1: Fundamental design of NCR-MT, e.g. protocol stack, RRC state should follow legacy UE to improve cost efficiency. Other features need to be discussed case by case based on the need of NCR.
[bookmark: _Ref118394926]Relationship between NCR-MT and NCR-Fwd
When deploying NCR under a gNB, NCR-MT and NCR-Fwd may use the same cell or different cells of the same gNB. Note that this is not the same as IAB and hence many of the agreements for IAB cannot automatically apply for NCR.  As shown in Figure 1, NCR consists of an NCR-FWD and NCR-MT, that provides the backhaul and control links.  
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Figure 1. Conceptual model of Network-controlled repeater

We believe some fundamental deployment aspects of the NCR that should be discussed first:
1) Is NCR a controlled deployment for a specific cell?
2) What is the relationship between the NCR-FWD backhaul cell and NCR-MT cell? (Note that access link also shares the same cell with backhaul link)
Typically, an NCR is used as a repeater if there is a coverage hole in a cell.  That is, the repeater is meant to provide the functionality for a particular cell where this coverage hole is identified.  Typically, these coverage holes are already identified and the NCR is deployed to provide a repeater function for a specific cell.  Hence the NCR-FWD backhaul cell is already known and pre-configured at the NCR when it is deployed.   The backhaul cell could be configured to the NCR via OAM after the NCR-MT connects to a cell or could be preconfigured in the NCR before deployment; this pre-configuration is outside the scope of RAN2.  
Proposal 1: NCR is deployed to provide RF repeater function for a particular cell pre-configured in the NCR.
Considering the links between NCR and gNB and link between gNB and UE via NCR-Fwd, there are three scenarios:
1) NCR-MT and NCR-Fwd share the same cell, i.e. NCR-MT and UE share the same cell; 
2) NCR-MT and NCR-Fwd share different cells, i.e. NCR-MT and UE connect to different cells.
The above relationship between the NCR-FWD backhaul cell and NCR-MT cell impacts many aspects of the NCR design.   For example, if they have to be the same cell, the NCR-MT has to select the same cell to initiate the RRC connection as the one for NCR-FWD repeater cell.   Similarly, if they are the same cell, an RLF in the NCR-MT also implies an RLF in the NCR-FWD backhaul leg; otherwise, we will need to discuss whether to introduce an additional functionality to detect RLF of the NCR-FWD backhaul cell.   These aspects also impact the capability that needs to be supported by the NCR-MT.  These are discussed in more detail further below.
To enforce that NCR-FWD backhaul and NCR-MT has to connect the same cell may not provide flexibility in terms of deployment to use a different band for the NCR-MT and NCR-FWD.  On the other hand, restricting them to the same cell can be simpler, in terms of the cell selection, RLF detection, etc.  
Observation 2:  Whether the NCR-MT and NCR-FWD has to operate on the same cell has impact on the RAN2 specification work.  Limiting them to the same cell can simplify specification.
Proposal 2: Discuss whether it is acceptable to limit that NCR-FWD backhaul cell and NCR-MT has to be on the same cell.
To avoid specifying inter-node signalling, even if the cells are different, a common gNB node should be used to provide the configuration to carry the side control information as well as providing the side control information to NCR-MT for controlling NCR-Fwd.  
The NCR-MT should use its UE functionality to camp and connect to a cell in the same gNB as the NCR-FWD and where the coverage hole has been identified.  This implies that the UE function of the NCR-MT should be modified to select only the appropriate cell that can be used to control the NCR-FWD.  
Proposal 3:  The gNB of the cell that the NCR-MT is connected to, is also the gNB of the cell that NCR is a repeater for.   Inter-gNB signalling is not specified. 
The above proposals imply that the NCR-MT has to select an appropriate cell that meet the above requirements – either the same backhaul cell of the NCR-FWD or the at least the same gNB. Cell selection is only loosely specified, and UE is only required to select a suitable cell where it can initiate an RRC connection.  Hence only a minor modification to the cell selection procedure or a NOTE to select the appropriate cell is sufficient.  
If the NCR-MT is also allowed to be in RRC-IDLE/INACTIVE, the UE function of the NCR-MT will perform cell reselection.  This would need to be restricted to ensure that the NCR-MT will continue to stay in the appropriate cell where it can provide the control function for the NCR-FWD.
Proposal 4: The cell (re)selection procedures of UE should be modified for NCR-MT to only select the cell that can be used to control the NCR-FWD.
When control link of NCR-MT is experiencing a beam failure, if the failure beam used by NCR-MT is the same as the beam used by backhaul link of NCR-Fwd, it will also experience a beam failure. Once BFR is failed, it may lead to RLF of the control link. For scenario 1 and 2 (same cell or carrier), since NCR-MT and NCR-Fwd share the same carrier, once RLF is declared at NCR-MT, it is likely to represent that backhaul link of NCR-Fwd is also experiencing RLF. For the served UEs under NCR’s coverage, they may also detect themselves experiencing RLF due to backhaul link’s unavailability. 
Observation 3: If NCR-Fwd and NCR-MT share the same beam and experience RLF, an RLF of the NCR-MT implies that the failure of the NCR-FWD backhaul link and that UE also experiences RLF
On the other hand, it is also possible that the NCR-MT and NCR-Fwd uses different beams or even in different cell/carriers. The beam failure and/or radio link failure of NCR-MT doesn’t mean NCR-Fwd’s backhaul link doesn’t work. However, due to RLF, NCR-MT cannot receive side control information from gNB anymore. If there’s a change of side control information at gNB side during RLF at NCR-MT, NCR-Fwd cannot use the up-to-date side control information for amplify-and-forwarding. This may lead to a service interruption to the NCR served UEs.
Observation 4: If side control information needs to be updated when RLF is occurs at NCR-MT, NCR served UEs may also experience a service interruption as the side control information at NCR-Fwd is not updated.
Therefore, it is necessary to support RLM/BFD/BFR at NCR-MT, so that the link can be recovered soon and continue signalling forwarding for the UEs.
Proposal 5: RLM, BFD, BFR are supported by NCR-MT.
Protocol stack of NCR-MT
RRC Layer
It was agreed in RAN2 #119bis-e meeting, RRC/DCI/MAC CE may be used for side control information and up to RAN1.
	· RAN2 confirms to use RRC signalling to configure NCR-MT to receive side control information. How the side control information itself is transmitted (i.e. via RRC or DCI or MAC CE) is up to RAN1 (RAN2 may discussion the initial RAN1 decision and revisit if needed).


Recalling that different solutions were also discussed for identification and authorisation of the NCR in the previous meeting and captured in the TR 38.867 [2].  These solutions (with the possible exception of solution 2) require/re-use a normal UE stack. This UE stack provides for the initial access and authorisation of the NCR and can generally be expected to be a normal UE in many respects, there are some exceptions as discussed further below. At very least, this UE stack used for identification/authorisation has an RRC functionality.  
As RAN2 agreed earlier, the NCR-MT L1/L2 signalling to provide the configuration of the side control information must be configured by RRC. RAN1 has not specifically agreed which RRC function this is. Re-using this RRC function of the UE stack that performs the initial access and authorisation (as opposed to a different control stack purely for configuring the L1/L2 of the NCR-MT) maximises re-use of the UE function and simplifies the overall design and reduces cost.  That is, there is only one protocol stack required for both functions.  
If an RRC (besides L1 and MAC CE) is also used for NCR-side control, the RRC of the UE function for authorisation can also be used for this (similar to the proposal above for MAC-CE).  Whether the L1 of the NCR-MT can also be part of the L1 of the UE function can be left to RAN1.
Proposal 6: RRC function of the protocol stack used to perform the NCR identification and authorisation is also used to provide the L1/L2 configuration for NCR-MT.   
MAC Layer
When MAC CEs are used for side control, there are two options possible to carry the MAC-CE. A MAC layer could be modelled above the L1 of the side control in the NCR-MT. Alternatively, the MAC of the UE function used for authorisation can itself carry the side control MAC CEs.  
It is simpler to re-use the MAC of the UE function used for NCR authorisation to directly provide the side control information (if needed) rather than develop a mini-user plane stack for NCR-MT of PHY and MAC for side control.  
Proposal 7: MAC of the UE function used for NCR authorisation can directly provide the side control information MAC CE (if needed) 
Such protocol stack based on the above proposals can be modelled as shown in the figure below. 


Figure 1. Protocol stack model for NCR using “UE” function used for NCR authorization also for carrying side control MAC-CE and configuring the L1 of side control signalling 

Proposal 8: The combined function for the side control information and the UE function associated with the initial access and authorisation is termed as NCR-MT.
NCR-MT Feature List
The functionality to support at the NCR-MT should be discussed from two aspects:
1) Mandatory functionality of a UE that is not essential for NCR-MT and can be made optional to potentially reduce NCR-MT cost.  As discussed many times previously, cost reduction mainly comes from re-use rather than eliminating RRC functionality. 
2) Functionality of a UE that needs to be different to function as an NCR-MT.  For example, some mandatory features may need to be modified (e.g., cell selection), not supported (e.g., cell reselection) or optional UE features that should be made mandatory for a NCR-MT. 
3) New Functionality introduced specifically for NCR-MT (e.g., new NCR-FWD control MAC-CEs)
Observation 5: NCR-MT feature set should be discussed not just in terms of cost reduction but also about which functionality is essential/modified/cannot be used for NCR-MT.
RRC_INACTIVE state
Whether to support RRC_INACTIVE state at NCR-MT is still FFS in last meeting. As discussed earlier, reducing cost is important for NCR deployment. Reusing UE’s protocol stack and basic design is helpful to reduce cost at NCR-MT. 
On the other hand, the support of RRC_INACTIVE should be discussed in terms of impact to NCR-MT function.  If the NCR-MT is in INACTIVE, it would not be possible to provide control information for the NCR-FWD.  NCR-MT will have to transition to connected whenever any side control information is to be sent.  For DL signalling that will incur a paging DRX cycle delay.  Whether this will be acceptable will depend on RAN1 design of the NCR-FWD – whether NCR-FWD can continue operation without side control information during the Paging DRX delay.  If it not possible, then network can simply not use RRC-INACTIVE for NCR-MT.  Therefore, from specification point of view, there’s no need to prevent the NCR-MT from being in other states – IDLE or INACTIVE. 
Observation 6: Based on the above discussion, it could be more cost effective for NCR-MT to support INACTIVE.  And if INACTIVE cannot be used functionally for an NCR-MT, the network can simply not configure NCR-MT in INACTIVE.
Proposal 9: RRC_INACTIVE state is supported by NCR-MT.  
DRB Number
It was agreed in RAN2 #119bis-e meeting that DRB is optional supported, FFS on the max number. It was clarified during online discussion that DRB may be used to provide OAM connectivity. Similar as IAB-MT, we think 1 DRB would be enough for NCR-MT’s OAM connectivity.
Proposal 10: Max number of DRB in NCR-MT is 1.
Cell reselection
As discussed earlier in section 2.1.2   , the NCR is deployed by operator in a fixed location and the NCR-FWD should be connected to the cell that it is repeating.  And the NCR-MT should connect to the same cell as the NCR-FWD or at least the same gNB cell. Hence, once the appropriate cell is selected, the NCR-MT should not reselect another cell/gNB to camp on. Hence reselection functionality should not be supported by NCR-MT.  
Similarly, handover doesn’t need to be supported.
Proposal 11: Cell reselection and handover are not supported by NCR-MT.
NCR Capability
Since NCR-MT holds a UE functionality, UE capability can be reused for NCR-MT. Then the issue comes to whether and how to report NCR-Fwd capability to gNB.
First question is what gNB needs to know about NCR-FWD’s capability? The NCR-FWD control signalling supported over NCR-MT will be mostly (e.g. MAC-CE of side control information) reported as the UE capability of the NCR-MT.  However, there may be other NCR-FWD capabilities, the gNB needs to know (depending on RAN1 agreements)  such as L1 side control information, operating frequencies, beamforming configuration, output power and dynamic range, band combination between NCR-MT and NCR-Fwd, etc. Additionally, in future releases, NCR-FWD may support additional optional features.  Having a capability reporting framework already provides forward compatibility for such reporting.
Observation 7: Reporting NCR-Fwd’s capability could be helpful to gNB to configure suitable side control information and for forward compatibility. 
Then, the question comes to how to report the NCR-FWD capability to gNB. Considering that the NCR-MT needs to report its own UE capability to gNB, the same message, i.e. UECapabilityInformation message, can be reused to carry NCR-Fwd’s capability information. 
Similar to the current capability containers for the different RATs, using a container to transfer the NCR-FWD capability provides transparency of NCR-FWD capability to the NCR-MT part.  Alternatively, a container can be added to the UE capability to carry the NCR-FWD capability. Therefore, a container format can be used to carry NCR-Fwd’s capability over UECapabilityInformation which contains NCR-MT’s capability. The gNB can then forward the container to the CN for storage in RRC-IDLE similar to the RAT capability containers. 
Proposal 12: NCR-MT reports NCR-Fwd’s capability via UECapabiltyInformation message in a container. FFS on what capability is included in the container.
Conclusion
In this contribution, we discussed the functionality of NCR based on the consideration of relationship between NCR-MT and NCR-Fwd and comparison between NCR-MT and UE. Further conclude on what information is considered as part of UE capability.
We have following observations and proposals:
NCR-MT vs. UE
Observation 1: Fundamental design of NCR-MT, e.g. protocol stack, RRC state should follow legacy UE to improve cost efficiency. Other features need to be discussed case by case based on the need of NCR.
Relationship between NCR-MT and NCR-Fwd
Proposal 1: NCR is deployed to provide RF repeater function for a particular cell pre-configured in the NCR.
Observation 2:  Whether the NCR-MT and NCR-FWD has to operate on the same cell has impact on the RAN2 specification work.  Limiting them to the same cell can simplify specification.
Proposal 2: Discuss whether it is acceptable to limit that NCR-FWD backhaul cell and NCR-MT has to be on the same cell.
Proposal 3:  The gNB of the cell that the NCR-MT is connected to, is also the gNB of the cell that NCR is a repeater for.   Inter-gNB signalling is not specified. 
Proposal 4: The cell (re)selection procedures of UE should be modified for NCR-MT to only select the cell that can be used to control the NCR-FWD.
Observation 3: If NCR-Fwd and NCR-MT share the same beam and experience RLF, an RLF of the NCR-MT implies that the failure of the NCR-FWD backhaul link and that UE also experiences RLF
Observation 4: If side control information needs to be updated when RLF is occurs at NCR-MT, NCR served UEs may also experience a service interruption as the side control information at NCR-Fwd is not updated.
Proposal 5: RLM, BFD, BFR are supported by NCR-MT.
Protocol stack
Proposal 6: RRC function of the protocol stack used to perform the NCR identification and authorisation is also used to provide the L1/L2 configuration for NCR-MT.   
Proposal 7: MAC of the UE function used for NCR authorisation can directly provide the side control information MAC CE (if needed) 
Proposal 8: The combined function for the side control information and the UE function associated with the initial access and authorisation is termed as NCR-MT.
Feature list
Observation 5: NCR-MT feature set should be discussed not just in terms of cost reduction but also about which functionality is essential/modified/cannot be used for NCR-MT.
Observation 6: Based on the above discussion, it could be more cost effective for NCR-MT to support INACTIVE.  And if INACTIVE cannot be used functionally for an NCR-MT, the network can simply not configure NCR-MT in INACTIVE.
Proposal 9: RRC_INACTIVE state is supported by NCR-MT.  
Proposal 10: Max number of DRB in NCR-MT is 1.
Proposal 11: Cell reselection and handover are not supported by NCR-MT.
UE capability
Observation 7: Reporting NCR-Fwd’s capability could be helpful to gNB to configure suitable side control information and for forward compatibility. 
Proposal 12: NCR-MT reports NCR-Fwd’s capability via UECapabiltyInformation message in a container. FFS on what capability is included in the container.
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