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1. Introduction
In RAN2#120 [1], there were the following agreements on NCR forwarding behavior in relation to NCR-MT’s RRC states:

	· Introduce an NCR-support indication in SIB1 per PLMN; whether it is also per NPN is FFS
· WA: RRC_INACTIVE is optionally supported without any specific enhancements

On NCR-Fwd ON/OFF:

· When NCR-MT is in RRC_CONNECTED mode, the NCR-Fwd can be ON or OFF following the side control information received from the gNB. 

· After NCR-MT enters RRC_INACTIVE mode, the NCR-Fwd can be ON or OFF following the last configuration received from the gNB.

· Release to RRC-IDLE is FFS.




According the above agreements, when NCR-MT is in RRC_INACTIVE state, the NCR-Fwd can be ON; when the NCR-MT is in RRC_IDLE, the NCR-Fwd behavior is for FFS. Meanwhile, whether/how to support RLM for NCR-MT is still an open issue. This paper investigates the following issues based on existing discussions and agreements:

· NCR-Fwd ON-OFF when NCR-MT is in RRC_INACTIVE state； 
· NCR-Fwd ON-OFF when NCR-MT is in RRC_IDLE state;

· The remaining issues of NCR related system information enhancements;

· RLM for NCR-MT. 
2. Discussion
2.1. NCR-Fwd ON-OFF when NCR-MT is in RRC_INACTIVE state
In the previous discussions, it was concluded that there will be no enhancements with respect to RRC_INACTIVE state of NCR-MT. However, the signaling to configure the NCR-Fwd ON-OFF state after NCR-MT enters RRC_INACTIVE state is still vague and needs to be further addressed. It was said that the NCR-Fwd ON-OFF should follow the last received configuration from the gNB. However, when/how the last configuration on NCR-Fwd ON-OFF is received from the gNB is not clear.
Observation 1 Though it was agreed that the NCR-Fwd can be ON or OFF following the last configuration from the gNB when the NCR-MT is in RRC_INACTIVE state, the exact procedures/contents related to the last configuration is not clear. 
Regarding the signaling to configure the NCR-Fwd ON-OFF state when NCR-MT is in RRC_INACTIVE state, there are the following 3 options:

· Option 1: the effective NCR-Fwd ON-OFF configurations received by NCR-MT in the RRC_CONNECTED state continues to be effective after the NCR-MT enters RRC_INACTIVE state.
For this option, there is no side control information reception by the NCR-MT after NCR-MT enters RRC_INACTIVE state, i.e. the gNB cannot adjust the NCR-Fwd ON-OFF configurations when NCR-MT is in RRC_INACTIVE state.
· Option 2: based on the configuration received by the NCR-MT in RRC_CONNECTED state, the NCR- Fwd can apply the NCR-Fwd ON-OFF configuration when the NCR-MT is in RRC_INACTIVE state.

For this option, before releasing the NCR-MT to RRC_INACTIVE state, the gNB allocates specific radio resource which can be used to receive the side control information when the NCR-MT is in RRC_INACTIVE state.  After the NCR-MT enters the RRC_ INACTIVE state, the NCR-MT monitors the side control information over the allocated specific radio resources. This option allows the gNB to adjust the NCR-Fwd ON-OFF configurations if necessary when NCR-MT is in RRC_INACTIVE state.
According the existing agreements from RAN1#111 below, the NCR-Fwd ON-OFF can be implicitly indicated via beam indication together with the time duration during which the beam indication is applied. And meanwhile, DCI is adopted to transmit the beam indications (i.e. ON-OFF configuration). Please find the following agreements in RAN1#111[2]: 
	For FR2, the “ON” state of NCR-Fwd is indicated:

· Alt-2: Implicit indication via the beam indication (i.e., if there is beam indication, the NCR is assumed to be ON over the indicated time domain resource associated with corresponding beam(s))
Agreement

For each aperiodic beam indication for access link, one DCI is used with the information defined by 

Option-1: 

· [image: image2.png]


 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. 

· [image: image4.png]


 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. 

· FFS: The value of [image: image6.png]


 
· Down-select between [image: image8.png]


or [image: image10.png]


.
· FFS: How to define the association between time indication and beam indication

Each time resource is defined by {Starting slot defined as the slot offset, starting symbol defined by symbol offset within the slot, duration defined by the number of symbols} with dedicated field.


Given that the NCR-MT in RRC_CONNECTED state already supports to receive the dynamic beam indication via DCI, there is minor additional complexity to allow the NCR-MT in RRC_INACTIVE state to receive dynamic beam indications (i.e. ON-OFF indication), from the perspective of both the standardization and the implementation.

Observation 2 RAN1 agreed that NCR-Fwd ON-OFF is implicitly indicated via beam indications.
Observation 3 RAN1 agreed to support dynamic beam indication via DCI by NCR-MT in RRC_CONNECTED state, which can be easily extended to the case for NCR-MT in RRC_INACTIVE state.
As the UE in RRC_INACTIVE state reserves its radio context, it is feasible to just allow the UE to continue monitor the DCI for beam indication when the NCR-MT is in RRC_INACTIVE state, if configured:
Observation 4 Option 2 can be realized by allowing the UE in RRC_INACTIVE to continue monitoring the DCI for beam indication.
· Option 3： combined Option 1 and Option 2.
According this option, the gNB can provide semi-static NCR-Fwd ON-OFF configurations to be effective after the NCR-MT enters RRC_INACTIVE state via Option 1, and the gNB can continue provide side control configuration to configure the NCR-OFF state via DCI after the NCR-MT enters in RRC_INACTIVE state. 
Proposal 1 RAN2 to consider the following 3 options to configure the NCR-Fwd ON-OFF when NCR-MT is in RRC_INACTIVE state:
· Option 1: by the last side control information received by the NCR-MT in RRC_CONECTED state;

· Option 2: by the last side control information received by NCR-MT in RRC_INACTIVE state;
· Option 3: support both Option 1 and Option 2.

For cell specific signal forwarding, e.g. SSB, system information, paging and PRACH, the beam is not changed in relation to the UE mobility. The NCR-Fwd can just forward these signaling after the NCR-MT enters RRC_INACTIVE state using the beam configuration which is provided when the NCR-MT is in RRC_CONNECTED state.
While for moving UEs serving by NCR, the desired forwarding beam can be changed quickly in relation to the UE mobility. Hence, the beam indication (to control the NCR-Fwd ON-OFF) received when the NCR-MT is in RRC_CONNECTED state can be quickly outdated after the NCR-MT enters RRC_INACTIVE state. This means that Option 1 is not feasible for serving moving UEs via NCR.
Observation 5 Option 1 can be feasible for forwarding of cell specific broadcasting signals (e.g. SSB/CSI-RS/SIB1) whose beams are fixed but not feasible for forwarding of dedicated information for moving users whose beam varies frequently.
Observation 6 Option 2 can be feasible for forwarding of cell specific broadcasting signals (e.g. SSB/CSI-RS/SIB1) whose beam is fixed and forwarding of dedicated signaling for moving users whose beam varies frequently.
As far as our understanding, the NCR whose NCR-MT is in RRC_IANCTIVE state is supposed to forwarding both cell specific signals such as SSBs and system information and the dedicated signals for the UE. The beam for the former can be fixed/semi-static but the beams for the latter has to be frequently adjusted at least for moving UEs. Hence, we propose:
Proposal 2 Option 3 (i.e. both Option 1 and Option 2) should be supported for NCR-Fwd ON-OFF configuration when the NCR-MT is in RRC_INACTIVE state.
For Option 1, semi-static NCR-Fwd ON-OFF operation may be preferred, as it can be assumed that beam in the access link in this case does not change frequently. Semi-static NCR-Fwd ON-OFF is discussed in our companion paper [3]. The gNB can indicate the semi-static NCR-Fwd ON-OFF indications to be effective when NCR-MT is in RRC_INACTIVE state in the RRC message to release the NCR-MT to RRC_INACTIVE state. For Option 2, the related configuration for side control information reception by NCR-MT in RRC_INACTIVE state should be provided. The related configurations can be provided in the RRC message to release the NCR-MT to the RRC_INACTIVE state.
Proposal 3 The NCR-Fwd ON-OFF configurations which are applicable when NCR-MT is in RRC_INACTIVE state can be provided in the RRC message to release the NCR-MT to the RRC_INACTIVE state.
The default behavior on NCR-Fwd ON-OFF after NCR-MT enters RRC_INACTIVE state was not clear. If there is specific signaling to configure the NCR node to sustain the NCR-Fwd forwarding state according the being effective NCR-Fwd configurations, the NCR-Fwd should keep the forwarding state according the being effective NCR-Fwd configurations. Otherwise, if there is no specific side control information to configure the NCR-Fwd forwarding behavior, it is natural that the NCR-Fwd should turn OFF when the NCR-MT enters RRC_INACTIVE state, to reduce the power consumption and the possible interferences due to forwarding of undesired signals.

Proposal 4 If configured, releasing NCR-MT to RRC_INACTIVE state does not impact the NCR-Fwd forwarding behavior according to the being effective NCR-Fwd ON-OFF configuration(s).
2.2. NCR-Fwd ON-OFF when NCR-MT is in RRC_IDLE state

When the NCR is deployed in FR1, the beams for NCR can be wide enough to cover the target coverage area, there is no need to frequently adjust the beams in the access link for NCR-Fwd once the gNB has provided semi-static beam configurations. In this case, the gNB may release the NCR-MT to RRC_IDLE in order to save the radio resources in control link after providing side control information for the NCR-Fwd and allow the NCR-Fwd control perform forwarding according the received beam indications.  

Observation 7 For NCR in FR1, the gNB can configure static/semi-static wide beam(s) for access link to cover the target area and allow the NCR to perform forwarding with these beam(s) after releasing the NCR-MT to RRC_IDLE mode.
Proposal 5 NCR-Fwd ON can be supported when NCR-MT is in RRC_IDLE state.

After the NCR-MT in RRC_CONNECTED state is released to RRC_IDLE, the gNB cannot provide side control information to configure the NCR-Fwd ON-OFF. If the gNB wants the NCR node to perform forwarding after the NCR-MT enters RRC_IDLE state, the gNB should provide specific configurations before the UE enters RRC_IDLE state (i.e. NCR-MT in RRC_CONNECTED state). If there is no such specific signaling, which is received by NCR-MT in RRC_CONNECTED state, to configure the NCR-Fwd behavior after the NCR-MT enters RRC_IDLE state, it means that the gNB wants to turn OFF the NCR node for power saving, i.e. in this case the NCR can stop forwarding after the NCR-MT enters RRC_IDLE state. While if there is such specific signaling, which is received by NCR-MT in RRC_CONNECTED state, to configure the NCR-Fwd ON-OFF after the NCR-MT enters RRC_IDLE state, it means that the gNB wants to transit the NCR-MT to idle state to save the radio resource consumption in the control link while allow the NCR-Fwd continue to provide relaying services after the NCR-MT enters in RRC_IDLE state. Such specific signaling can be provided in the RRC message to release the NCR-MT to RRC_IDLE state.
Proposal 6 If configured, releasing NCR-MT to RRC_IDLE state does not impact the NCR-Fwd forwarding behavior according the being effective NCR-Fwd ON-OFF configuration.

Proposal 7 The NCR-Fwd ON-OFF configurations which are applicable when NCR-MT is in RRC_IDLE state can be provided in the RRC message to release the NCR-MT to RRC_IDLE state.
After the NCR-MT enters the RRC_IDLE state, the RRC context of the NCR-MT is released according existing specification. Hence, there is no way for NCR-MT to receive the side control information via dedicated signaling. There could be other options to transmit ON-OFF indication in broadcasting signals such as paging message, or broadcasting PDCCH. However, this would encounter security issue. Hence, we propose:
Proposal 8 Reception of NCR-Fwd ON-OFF configuration by the NCR-MT in RRC_IDLE state should be down-prioritized in R18.
2.3. Related system information enhancements
Related enhancements that had been defined for IAB can be referred to as an example for the system information enhancement for NCR. In 38.304 v17.2.0, the following are defined for IAB-MT:
	NOTE 0:
IAB-MT ignores the cellBarred, cellReservedForOperatorUse, cellReservedForFutureUse, and intraFreqReselection (i.e. treats intraFreqReselection as if it was set to allowed) as defined in TS 38.331 [3]. IAB-MT also ignores cellReservedForOtherUse for cell barring determination (i.e. NPN capable IAB-MT considers cellReservedForOtherUse for determination of an NPN-only cell) as defined in TS 38.331 [3].

-
iab-Support (IE type: "true")
Indicated in SIB1 message. In case of multiple PLMNs or NPNs indicated in SIB1, this field is specified per PLMN or per SNPN.


Observation 8 For IAB, iab-support is indicated per SNPN.
We observe no benefit to perform specific enhancement for NCR-indication regarding NCR support with respect to NPN comparing to iab-Support. Hence, the similar signaling can be defined for NCR-MT:
Proposal 9 If there are multiple NPNs, NCR-support is indicated per SNPN.  

2.4. RLM for NCR-MT
According to our understanding, BFD/BFR could be very meaningful for FR2, while NCR beam control is the mainly designed for NCR in FR2 according the following part from the justification path of the NCR WID[4]:

	The problem statement is two-fold (a) Many planned NR deployments are TDD and therefore simultaneous, bi-directional amplify-and-forward may not be necessary. This can reduce the pollution problem stated earlier; (b) Beamformed transmissions to individual users is fundamental to coverage esp. in FR2 bands. A simple RF repeater that the network is agnostic to may be unable to achieve the requisite beamforming gain. 


In FR2, the beam being applied between NCR-MT and the gNB may be blocked due to the occasional blockages. In this case, the NCR-MT should have the capability to monitor beam quality and switch to a better beam. The existing BFD/BFR scheme is designed to handle this situation. In such sense, RAN2 should support this feature.
Observation 9 BFD/BFR procedure is mainly designed for FR2 and NCR beam control is fundamental for NCR operated in FR2 according the justification part in the WID.
Proposal 10 RAN2 to support BFD/BFR procedure for NCR-MT.
3. Conclusion

In this contribution, we discuss the upper layer procedures. Based on the discussion, we have the following observations:
Observation 1
Though it was agreed that the NCR-Fwd can be ON or OFF following the last configuration from the gNB when the NCR-MT is in RRC_INACTIVE state, the exact procedures/contents related to the last configuration is not clear.
Observation 2
RAN1 agreed that NCR-Fwd ON-OFF is implicitly indicated via beam indications.
Observation 3
RAN1 agreed to support dynamic beam indication via DCI, which can be easily extended to the case for NCR-MT in RRC_INACTIVE state.
Observation 4
Option 2 can be realized by allowing the UE in RRC_INACTIVE to continue monitoring the DCI for beam indication.
Observation 5
Option 1 can be feasible for forwarding of cell specific broadcasting signals (e.g. SSB/CSI-RS/SIB1) whose beams are fixed but not feasible for forwarding of dedicated information for moving users whose beam varies frequently.
Observation 6
Option 2 can be feasible for forwarding of cell specific broadcasting signals (e.g. SSB/CSI-RS/SIB1) whose beam is fixed and forwarding of dedicated signaling for moving users whose beam varies frequently.
Observation 7
For NCR in FR1, the gNB can configure static/semi-static wide beam(s) for access link to cover the target area and allow the NCR to perform forwarding with these beam(s) after releasing the NCR-MT to RRC_IDLE mode.
Observation 8
For IAB, iab-support is indicated per SNPN.
Observation 9
BFD/BFR procedure is mainly designed for FR2 and NCR beam control is fundamental for NCR operated in FR2 according the justification part in the WID.


Based on the discussions and observations, we have the following proposals:
Proposal 1
RAN2 to consider the following 3 options to configure the NCR-Fwd ON-OFF when NCR-MT is in RRC_INACTIVE state:
-
Option 1: by the last side control information received by the NCR-MT in RRC_CONECTED state;
-
Option 2: by the last side control information received by NCR-MT in RRC_INACTIVE state;
-
Option 3: support both Option 1 and Option 2.
Proposal 2
Option 3 (i.e. both Option 1 and Option 2) should be supported for NCR-Fwd ON-OFF configuration when the NCR-MT is in RRC_INACTIVE state.
Proposal 3
The NCR-Fwd ON-OFF configurations which are applicable when NCR-MT is in RRC_INACTIVE state can be provided in the RRC message to release the NCR-MT to the RRC_INACTIVE state.
Proposal 4
If configured, releasing NCR-MT to RRC_INACTIVE state does not impact the NCR-Fwd forwarding behavior according to the being effective NCR-Fwd ON-OFF configuration(s).
Proposal 5
NCR-Fwd ON can be supported when NCR-MT is in RRC_IDLE state.
Proposal 6
If configured, releasing NCR-MT to RRC_IDLE state does not impact the NCR-Fwd forwarding behavior according the being effective NCR-Fwd ON-OFF configuration.
Proposal 7
The NCR-Fwd ON-OFF configurations which are applicable when NCR-MT is in RRC_IDLE state can be provided in the RRC message to release the NCR-MT to RRC_IDLE state.
Proposal 8
Reception of NCR-Fwd ON-OFF configuration by the NCR-MT in RRC_IDLE state should be down-prioritized in R18.
Proposal 9
If there are multiple NPNs, NCR-support is indicated per SNPN.
Proposal 10
RAN2 to support BFD/BFR procedure for NCR-MT.
4. 
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