

	
[bookmark: _Hlk32315000]3GPP TSG RAN WG4 Meeting #106	R4-2202628
Athens, Greece, February 27 - March 03, 2023
Agenda Item:	9.27.3
Source: 	Ericsson
Title:	Analysis of RRM requirements for network-controlled repeater
Document for:	Discussion
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the last RAN4 meeting a WF on NCR RRM was approved. The WF contained issues related to NCR-MT transmit timing and adaptive beamforming for NCR-MT, which needed further investigation [1].
In this paper, we further analyze the identified RRM issues related to NCR-MT. 
Analysis of RRM requirements
Timing related requirements
In the last RAN4 meeting, the following was agreed regarding the NCR-MT timing related requirements:
· Further discuss and define, if necessary, NCR-MT timing requirements based on further RAN1/RAN2 progress
· Candidate requirements include 
· NCR transmit timing (Te and gradual timing adjustment)
· NCR timer accuracy
· Timing advance
NCR-MT transmit timing:
In an earlier RAN1 meeting (RAN WG1 #110bis-e), it agreed that the TA adjustment mechanism used for the UE also applies for the NCR-MT on the C-link: 

Agreement:
The TA adjustment mechanism of legacy UEs is supported for NCR-MT in C link.

Our interpretation of the above RAN1 agreement is that the relation between the NCR-MT transmission timing and the downlink frame timing from the reference cell is the same as for the UE i.e., separated by:.

More specifically, uplink frame transmission of the NCR-MT takes place  before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell (from gNB). 
Therefore, in principle the existing UE transmit timing error requirements defined in clause 7.1 of TS 38.133 for single carrier operation and for FR1 and FR2-1 can be reused for the NCR-MT. 
It was proposed in [2] that it is not necessary to define gradual timing adjustment requirements for NCR-MT transmit timing because the NCR-MT is static node, unlike the UE. We agree with this observation that for NCR-MT it is sufficient to define the transmit timing error requirements. 
NCR-MT timer accuracy:
	
[bookmark: _Hlk126849473]Since NCR is a fixed node, typically the timer value may be set to much higher value than for the UE. Depending on the use case, different levels of accuracies may be required. To prevent implementation constraint and limitation, we suggest not to specify the NCR-MT timer accuracy requirements.


NCR-MT timing advance:
As per RAN1 agreement, the UE based TA adjustment mechanism also applies for the NCR-MT. Therefore, the TA adjustment accuracy requirements defined in clause 7.3 of TS 38.133 for FR1 and FR2-1 for the UE can be reused for the NCR-MT on the C-link. This means the accuracy should be defined for the UL SCS up to 120 kHz. 
Applicability to NCR classes:
The following two NCR classes have been agreed by the RF group/session for the NCR operation on the network side, i.e., between the gNB and the NCR [3]:
· Local area (LA) NCR class and
· Wide area (WA) NCR class
The classes are similar to IAB classes in that the LA class is used for operation in the local area (e.g., pico cell) and the WA class is used for operation in the wide area (e.g., macro cell) with well planned deployment. 
In our view both NCR-MT transmit timing error and NCR-MT TA adjustment accuracy can be applicable to both local area (LA) and wide area (WA) NCR classes.
Adaptive NCR-MT beamforming related requirements
In the last RAN4 meeting, the following was agreed regarding the NCR-MT beam management related requirements:
· Further discuss and define, if necessary, NCR-MT beam management related requirements based on further RAN1/RAN2 progress. 
· Candidate requirements include 
· Active TCI state switching delay
· Uplink spatial relation switch delay
· Active downlink TCI switching delay for unified TCI
· Active uplink TCI switching delay for unified TCI
· L1-RSRP measurement and reporting
· FFS on requirements applicability to different NCR classes
In RAN WG1 #111 meeting, RAN1 made the following agreements regarding the TCI state indication/configuration for the NCR-MT on the C-link: 
Agreement
The semi-static beam indication for backhaul link is supported as:
· If the beam indication framework in Rel-15 is used for NCR-MT
· The DL beam is indicated by MAC CE to select one of TCI state ID from the RRC-configured list of beams for C-link
· The UL beam is indicated by SRI on C-link via MAC CE.
· If the beam indication framework in Rel-17 is used for NCR-MT
· The DL and UL beam are indicated by MAC CE to select one of TCI state ID from the RRC-configured list of beams for C-link
From the above agreement it can be concluded that TCI state switching related procedures are supported for the NCR-MT on C-link. In deployment scenario based on the WA NCR, the beams on the C-link will be well planned. Thanks to the network planning, the beam connection between the WA NCR and gNB is not likely to be obstructed by any movable or even fixed object. Therefore, the beams are not likely to change except when there is major reconfiguration/upgrade to the NCR. On the other hand, LA NCR will be typically deployed at lower height than WA NCR. The planning for LA NCR may also be difficult in some local areas. Therefore, the beams between the LA NCR and gNB could occasionally be impacted due to movement of the objects. Based on these arguments, we propose that the requirements for the adaptive NCR-MT beamforming are specified only for LA NCR and not for WA NCR.

Other related requirements
BFD, BFR and RLM:
According to following RAN1 agreement in RAN WG1 #111 meeting, BFD, BFR and RLM are optional features for the NCR-MT: 
Agreement
As optional functionalities for the NCR-MT, at least Rel-15 legacy BFD/BFR/RLM mechanisms are supported
· FFS: The behavior of NCR-Fwd when BFR/RLF happen in C link.
We therefore do not see any need to define any requirements for BFD, BFR and RLM. At least no requirements should be defined for the WA NCR since beams are fixed because the deployment is well planned as described in section 2.2. 
Mobility related procedures:
In the last RAN2 meeting (RAN WG2 meeting #119bis-e), RAN2 made the following agreement related to the NCR-MT mobility procedures:
	gNB cell that NCR-Fwd is forwarding is the same cell the NCT-MT is connected to. Whether the NCR-Fwd can forward other cells is up to implementation
NCR-MT indicates the maximum number of supported DRB in UE capability, values {1, 16}. If absent, the NCR-MT does not support DRB.
SRB2 is mandatory feature for NCR-MT.
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.
On NCR-MT RLF:
· After RLF is declared by NCR-MT, NCR-MT performs cell selection and trigger RRC re-establishment;
· If NCR-MT enters RRC_IDLE due to no suitable cell is find, NCR-Fwd is OFF;
· During RRC re-establishment procedure, NCR-Fwd is OFF.
NCR-MT mandatorily support cell reselection and RRM measurements in RRC_IDLE and RRC_INACTIVE.
In Rel-18, NCR-MT does not support handover and RRM measurements in RRC_CONNECTED.
For reporting the capabilities of NCR-MT, the existing UECapabilityEnquiry and UECapabilityInformation messages are reused.
In NCR-MT capability discussion, to focus on mandatory features that are required for NCR-MT.
All existing optional features are considered as applicable to NCR-MT unless explicitly excluded (Same as IAB-MT). FFS on taking IAB specified features as a baseline for future discussion.
NPN capable NCR-MT should consider cellReservedForOtherUse for determination of an NPN-only cell. 


According to the above RAN2 agreements, NCR-MT does not support handover and RRM measurements in RRC_CONNECTED state. 
[bookmark: _Hlk126850044]However, NCR-MT supports cell reselection and RRM measurements in RRC_IDLE and RRC_INACTIVE states. The NCR-MT also supports RRC re-establishment upon triggering the RLF. The NCR-MT will perform cell reselection extremely rarely since the NCR is fixed node. There is no data transmission in RRC_IDLE and RRC_INACTIVE states, therefore the cell reselection is also not time critical for the NCR-MT. We therefore do not see any motivation to define any RRM measurement requirements for NCR-MT in RRC_IDLE and RRC_INACTIVE states. 
Similarly, RLF, which is already optional for the NCR-MT, will happen very rarely. This means the subsequent procedure, the RRC re-establishment will also be a rare event. The measurements during the RRC re-establishment are done more frequently than in RRC_IDLE and RRC_INACTIVE states. Therefore, defining the RRC re-establishment requirement for NCR-MT in some sense is tantamount to defining RRM measurements in RRC_CONNECTED. Therefore, we do not see any motivation to define any RRC re-establishment requirements for NCR-MT. 
Summary
The following are the observations and the proposals related to RRM requirements for NCR-MT:
NCR-MT timing requirements:
· Observation #1: According to RAN1 agreement, “The TA adjustment mechanism of legacy UEs is supported for NCR-MT in C link”.
· 
Observation #2: The uplink frame transmission of the NCR-MT takes place  before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell (from gNB).
· Observation #3: The timer value may typically be set to much higher value than for the UE in several procedures (e.g. RLF) since NCR is fixed node and tigher accuracy may not always be needed. 
· Proposal #1: Specify initial transmit erro (Te) requirements for NCR-MT by reusing Te requirements defined for UE in clause 7.1 in 38.133 for FR1 and FR2-1 and for single carrier operation.
· Proposal #2: Do not specify gradual timing adjustment requirements for NCR-MT.
· Proposal #3: Do not specify timer accuracy requirements for NCR-MT.
· Proposal #4: Specify TA adjustment accuracy requirements for NCR-MT by reusing the TA adjustment accuracies defined for UE in clause 7.3 in 38.133 for FR1 and FR2-1.
· Proposal #5: Te and TA adjustment accuracy requirements are applicable to both local area NCR and wide area NCR classes. 
Adaptive NCR-MT beamforming:
· Observation #4: The TCI state indication/configuration for the NCR-MT on the C-link is supported like for the UE. 
· Observation #5: The NCR is fixed node and radio conditions between gNB and NCR-MT will be quite stable especially for wide area NCR, which has planned deployment. 
· Proposal #6: The adaptive NCR-MT beamforming requirements are applicable only to local area (LA) NCR class.
BFD, BFR and RLM:
· Observation #6: The BFD, BFR and RLM procedures are optional for the NCR-MT on the C-link. 
· Proposal #7: Do not specify requirements for BFD, BFR and RLM for NCR-MT on the C-link.
Mobility procedures:
· Observation #7: Cell reselection and RRM measurements are supported only in RRC_IDLE and RRC_INACTIVE states.
· Observation #8: The cell reselection will be performed by the NCR-MT very rarely and delay will not be time critical since NCR is fixed node.
· Observation #9: Handover and RRM measurements are not supported in RRC_CONNECTED state.
· Observation #10: The RRC re-establishment, which occurs due to the RLF, will be performed by the NCR-MT also very rarely since NCR is fixed node.
· Proposal #8: Do not specify requirements for cell reselection for NCR-MT on the C-link.
· Proposal #9: Do not specify requirements for RRC re-establishment for NCR-MT on the C-link.
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