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[bookmark: _Toc116995841]Introduction
At the previous RAN4#109 meeting the final version of the bigCR to TS 38.106 on RRM core requirements for NR network-controlled repeater was agreed [1]. The changes are already reflected in the latest version of the TS 38.106.
At RAN#110 the discussion of necessary RRM performance requirements and test cases starts.
Therefore, in this paper we discuss what tests shall be introduced for NCR nodes. We use IAB-MT test cases as a reference and also justify a need for a new TC on the latency of NCR-Fwd Access link beam change.

[bookmark: _Toc116995842]Discussion
Overview of IAB-MT RRM test cases
Conceptually, static IAB-MTs (Rel-16/Rel-17) and NCR-MTs are close to each other from the RRM requirements point of view. The scope of RRM requirements for IAB nodes specified in TS 38.174, Section 12 shall be considered when introducing RRM requirements for IAB-MT nodes.
Below in the Table 1 we map static IAB-MT RRM requirements relevant to NCR-MT and corresponding test cases introduced for IAB-MTs:
[bookmark: _Ref158404997]Table 1: Mapping of relevant IAB-MT RRM requirements and Test Cases.
	IAB-MT requirement
	IAB-MT TC

	12.1.1.1 SA: RRC Re-establishment
	G.2.1.1.1.1 Inter-frequency RRC Re-establishment in FR1 for LA IAB-MT
The purpose is to verify that the NR inter-frequency RRC re-establishment delay in FR1 to an unknown target cell is within the specified limits.

G.2.1.1.1.2 Intra-frequency RRC Re-establishment in FR1 without serving cell timing for LA IAB-MT
The purpose is to verify that the NR intra-frequency RRC re-establishment delay in FR1 without serving cell timing is within the specified limits.

G.2.1.1.1.3 Inter-frequency RRC Re-establishment in FR2-1 for LA IAB-MT
The purpose is to verify that the NR inter-frequency RRC re-establishment delay in FR2-1 without known target cell is within the specified limits.

G.2.1.1.1.4 Intra-frequency RRC Re-establishment in FR2-1 without serving cell timing for LA IAB-MT
The purpose is to verify that the NR intra-frequency RRC re-establishment delay in FR2-1 without serving cell timing is within the specified limits


	12.2.1 IAB-MT transmit timing
	G.2.2.1.1 NR IAB-MT Transmit Timing Test for FR1
The purpose of this test is to verify that the IAB-MT can follow frame timing change of the connected gNodeb and that the IAB-MT initial transmit timing accuracy, maximum amount of timing change in one adjustment, minimum and maximum adjustment rate are within the specified limits. This test will verify the requirements in clause 12.2.1.2. Local area IAB-MT type 1-H shall be tested with this test.

G.2.2.1.2 NR IAB-MT Transmit Timing Test for FR2-1
The purpose of this test is to verify that the IAB-MT can follow frame timing change of the connected gNodeb and that the IAB-MT initial transmit timing accuracy, maximum amount of timing change in one adjustment, minimum and maximum adjustment rate are within the specified limits. This test will verify the requirements in clause 12.2.1.2. Local area IAB-MT type 2-O shall be tested with this test.


	12.3.1.2 Requirements for SSB based radio link monitoring
	G.2.3.1.1 Radio Link Monitoring Out-of-sync Test for FR1 PCell configured with SSB-based RLM RS in non-DRX mode
The purpose of this test is to verify that the IAB-MT properly detects the out of sync and in sync for the purpose of monitoring downlink radio link quality of the PCell. This test will partly verify the FR1 radio link monitoring requirements in clause 12.3.1.

G.2.3.1.2 Radio Link Monitoring In-sync Test for FR1 PCell configured with SSB-based RLM RS in non-DRX mode
The purpose of this test is to verify that the IAB-MT properly detects the out of sync and in sync for the purpose of monitoring downlink radio link quality of the PCell. This test will partly verify the FR1 radio link monitoring requirements in clause 12.3.1.

G.2.3.1.3 Radio Link Monitoring Out-of-sync Test for FR2-1 PCell configured with SSB-based RLM RS in non-DRX mode
The purpose of this test is to verify that the IAB-MT properly detects the out of sync and in sync for the purpose of monitoring downlink radio link quality of the PCell. This test will partly verify the FR2-1 radio link monitoring requirements in clause 12.3.1.

G.2.3.1.4 Radio Link Monitoring In-sync Test for FR2-1 PCell configured with SSB-based RLM RS in non-DRX mode
The purpose of this test is to verify that the IAB-MT properly detects the out of sync and in sync for the purpose of monitoring downlink radio link quality of the PCell. This test will partly verify the FR2-1 radio link monitoring requirements in clause 12.3.1.


	12.3.1.3 Requirements for CSI-RS based radio link monitoring
	G.2.3.1.5 Radio Link Monitoring Out-of-sync Test for FR1 PCell configured with CSI-RS-based RLM in non-DRX mode
The purpose of this test is to verify that the IAB-MT properly detects the out of sync for the purpose of monitoring downlink CSI-RS based radio link quality of the PCell. This test will partly verify the FR1 PCell CSI-RS Out-of-sync radio link monitoring requirements in clause 12.3.1.3. This test case is applicable only for local area IAB-MT and for IAB type 1-H.

G.2.3.1.6 Radio Link Monitoring In-sync Test for FR1 PCell configured with CSI-RS-based RLM in non-DRX mode
The purpose of this test is to verify that the IAB-MT properly detects the in sync for the purpose of monitoring downlink CSI-RS based radio link quality of the PCell. This test will partly verify the FR1 PCell CSI-RS In-sync radio link monitoring requirements in clause 12.3.1.3. This test case is applicable only for local area IAB-MT and for IAB type 1-H.

G.2.3.1.7 Radio Link Monitoring Out-of-sync Test for FR2-1 PCell configured with CSI-RS-based RLM in non-DRX mode
The purpose of this test is to verify that the IAB-MT properly detects the out of sync for the purpose of monitoring downlink CSI-RS based radio link quality of the PCell. This test will partly verify the FR2-1 PCell CSI-RS Out-of-sync radio link monitoring requirements in clause 12.3.1.3. This test case is applicable only for local area IAB-MT and for IAB type 2-0.

G.2.3.1.8 Radio Link Monitoring In-sync Test for FR2-1 PCell configured with CSI-RS-based RLM in non-DRX mode
The purpose of this test is to verify that the IAB-MT properly detects the in sync for the purpose of monitoring downlink CSI-RS based radio link quality of the PCell. This test will partly verify the FR2 PCell CSI-RS In-sync radio link monitoring requirements in clause 12.3.1.3. This test case is applicable only for local area IAB-MT and for IAB type 2-O.

	12.3.2.2 Requirements for SSB based beam failure detection
	G.2.3.2.1 Beam Failure Detection and Link Recovery Test for FR1 PCell configured with SSB-based BFD and LR
The purpose of this test is to verify that the IAB-MT properly detects SSB-based beam failure in the set q0 configured for a serving cell and that the IAB-MT performs correct SSB-based link recovery based on beam candidate set q1. The purpose is to test the downlink monitoring for beam failure detection within the IAB-MTs active DL BWP, during the evaluation period, and link recovery. This test will partly verify the SSB based beam failure detection and link recovery for an FR1 serving cell requirements in clause 12.3.2.

G.2.3.2.2 Beam Failure Detection and Link Recovery Test for FR2-1 PCell configured with SSB-based BFD and LR
The purpose of this test is to verify that the IAB-MT properly detects SSB-based beam failure in the set q0 configured for a serving cell and that the IAB-MT performs correct SSB-based link recovery based on beam candidate set q1. The purpose is to test the downlink monitoring for beam failure detection within the IAB-MT active DL BWP, during the evaluation period, and link recovery, when no DRX is used. This test will partly verify the SSB based beam failure detection and link recovery for an FR2-1 serving cell requirements in clause 12.3.2.2.


	12.3.2.3 Requirements for CSI-RS based beam failure detection
	G.2.3.2.3 Beam Failure Detection and Link Recovery Test for FR1 PCell configured with CSI-RS-based BFD and LR
The purpose of this test is to verify that the IAB-MT properly detects CSI-RS-based beam failure in the set q0 configured for a serving cell and that the IAB-MT performs correct CSI-RS-based link recovery based on beam candicate set q1. The purpose is to test the downlink monitoring for beam failure detection within the IAB-MTs active DL BWP, during the evaluation period, and link recovery. This test will partly verify the CSI-RS based beam failure detection and link recovery for an FR1 serving cell requirements in clause 12.3.2.

G.2.3.2.4 Beam Failure Detection and Link Recovery Test for FR2-1 PCell configured with CSI-RS-based BFD and LR in non-DRX mode
The purpose of this test is to verify that the IAB-MT properly detects CSI-RS-based beam failure in the set q0 configured for a serving cell and that the IAB-MT performs correct CSI-RS-based link recovery based on beam candicate set q1. The purpose is to test the downlink monitoring for beam failure detection within the IAB-MT’s active DL BWP, during the evaluation period, and link recovery, when no DRX is used. This test will partly verify the CSI-RS based beam failure detection and link recovery for an FR2-1 serving cell requirements in clause 12.3.2.



NCR-MT RRM test cases
RRM Core requirements specified for NCR-MTs are summarized below based on Section 10 in TS 38.106 with the comments follow the former RAN4 meeting agreements. With bold we highlight the requirements that have TCs introduces for the AIB-MT counterparts:
· 10.1.1.1.2.1	NCR-MT Re-establishment delay requirement
[Applicable only to LA NCR-MT]
· 10.1.1.2.2	Requirements for 4-step RA type
[Defined only for LA NCR-MT]
[No TCs for IAB-MT]
· Timing requirements:
· 10.2.1	NCR-MT transmit timing
[Gradual timing adjustment requirements are applicable for LA NCR-MT only]
· 10.2.2	NCR-MT timer accuracy
[to define timer accuracy requirement only for LA NCR-MT]
· 10.2.3	NCR-MT timing advance
[To define the TA adjustment requirement for both WA and LA NCR-MT]
· Radio Link Monitoring
[Defined only for LA NCR-MT]
· 10.3.1.2	Requirements for SSB based radio link monitoring
· 10.3.1.3	Requirements for CSI-RS based radio link monitoring
· 10.3.1.4	Minimum requirement for NCR-MT turning off the transmitter
[No TCs for IAB-MT]
· 10.3.1.5	Minimum requirement for L1 indication
[No TCs for IAB-MT]
· 10.3.1.6	Scheduling availability of NCR-MT during radio link monitoring
[No TCs for IAB-MT]
· Link Recovery Procedure
[Defined only for LA NCR-MT]
· 10.3.2.2	Requirements for SSB based beam failure detection
· 10.3.2.3	Requirements for CSI-RS based beam failure detection
· 10.3.2.7	Scheduling availability of NCR-MT during beam failure detection
[No TCs for IAB-MT]
· 10.3.2.8	Scheduling availability of NCR-MT during candidate beam detection
[No TCs for IAB-MT]

By comparing the RRM requirements and corresponding test cases for IAB-MT and NCR-MT we can make the following proposals:
[bookmark: _Toc158409716]The RRM test cases apply for Local-area NCR-MT classes only.
[bookmark: _Toc158409717]Introduce four NCR-MT TCs for Inter-/Intra-frequency RRC Re-establishment in FR1/FR2-1.
[bookmark: _Toc158409718]Introduce two NCR-MT TCs for Transmit Timing for FR1/FR2-1.
[bookmark: _Toc158409719]Introduce eight NCR-MT TCs for Radio Link Monitoring in non-DRX mode: for Out-of-sync /In-synch for FR1/ FR2-1 PCell configured with SSB-based/CSI-based RLM.
[bookmark: _Toc158409720]Introduce four NCR-MT TCs for Beam Failure Detection and Link Recovery in non-DRX mode: for FR1 /FR2-1 PCell configured with SSB-based/CSI-RS-based BFD and LR.

Access beam switching latency
RAN1 agreed on two optional NCR capabilities to configure the NCR-Fwd Access link beam based on the indication in DCI or MAC-CE [2]:
	
	43. NR_netcon_repeater
	43-3
	Aperiodic beam indication for access link
	1.Support aperiodic beam indication for access link
2. Supported slot-offset k values for reference slot
	43-1
	Yes
	N/A
	NCR-MT cannot decode the aperiodic beam indication

	43. NR_netcon_repeater
	43-4
	Semi-persistent beam indication for access link
	1.Support semi-persistent beam indication for access link
2. Priority flag for semi-persistent indication
3.Support of MAC CE override of the RRC configured beam index(es) at activation of semi-persistent beam indication
	43-1
	Yes
	N/A
	NCR-MT cannot decode the semi-persistent beam indication







Corresponding NCR RAN1 requirements can be found in TS 38.213, Clause 20:
	The NCR can be provided by semiPersistentFwdRsrcSetToAddModList a list of sets of resources for transmissions or receptions on the access link and the NCR Access Link Beam Indication MAC CE command can indicate a set of resources for the NCR to use or to stop using based on a corresponding identity provided by semiPersistentFwdRsrcSetId [11, TS 38.321]. The NCR uses or stops using the set of resources starting from the first slot that is after slot  where  is the slot where the NCR-MT would transmit a PUCCH with HARQ-ACK information associated with the PDSCH providing the MAC CE command and  is the SCS configuration for the PUCCH transmission.

The NCR-MT can be configured to monitor PDCCH according to USS sets for detection of a DCI format 2_8 with CRC scrambled by an NCR-RNTI. A time resource and a corresponding beam index for transmissions or receptions on the access link are indicated by corresponding fields in DCI format 2_8 [4, TS 38.212]. When the NCR detects more than one DCI formats 2_8 that indicate beam indexes for time resources overlapping in a set of symbols, the NCR uses for the set of symbols a beam index that is indicated by a DCI format 2_8 that the NCR-MT detects in a most recent PDCCH monitoring occasion. The time resource starts at a slot that is offset by slotOffsetAperiodic slots from a reference slot and at a symbol that is offset by symbolOffset from the start of the slot, and has a duration provided by durationInSymbols for a SCS provided by referenceSCS and the cyclicPrefix of the active DL BWP. The reference slot is the first slot with the SCS provided by referenceSCS that starts no earlier than the start of a slot that is after a slot of a PDCCH reception that provides the DCI format 2_8 by a number of slots indicated by AperiodicBeamIndicationForAccessLink [18, TS 38.306] with the SCS of PDCCH reception. 




Access link beam switching is one of the distinguishing and essential functionalities of NCR node. Depending on the approach, the access link beam switching can be configured in a static manner (with RRC signalling) or change dynamically. When access link beam is indicated dynamically, it is important to ensure that the access UEs can be scheduled by the gNB over NCR-Fwd links only when the access beam is ready. Otherwise, the transmitted packets might be forwarded though the wrong beam or lost completely.
[bookmark: _Ref134739450][bookmark: _Toc135067150][bookmark: _Toc158409721]To avoid any impacts on the quality of data transmission to/from the access UEs, it is important that NCR node is strictly following the access link beam configuration/switching procedure.

At RAN4#107 meeting it was agreed that specific RAN4 requirements on NCR-Fwd access link beam configuration/switching procedures are not needed [3]. The reason for that was that these requirements are already well described in RAN1, as we also present above. However, it does not mean that it should not be any test cases to verify this feature very specific and important for NCR nodes.
[bookmark: _Toc158409722]RAN4 to introduce new test cases to verify latency of NCR-Fwd access link beam configuration/switching for LA NCR nodes supporting aperiodic and/or semi-persistent beam indication for access link.

Test configurations
The appendix G.1 of TS 38.174 specifies necessary IAB-MT RRM test configurations. Similar configurations will be needed for testing NCR MT nodes as well.
[bookmark: _Toc158409723]RAN4 to specify NCR-MT RRM test configurations by reusing the Appendix G.1 IAB-MT RRM test configurations from TS 38.174.

Since IAB considered to be network operator-controlled devices the test configurations present in the TS 38.184 are left to implementation. A similar approach can be followed for NCR-MTs:
	The test requirements are derived using the corresponding configuration parameters as example. The actual IAB-MT RRM test can be conducted by any set of configuration parameters which are left to implementations and manufacturer declarations and the corresponding test requirements shall be based on the actual configuration parameters used in the test. For example, TDD pattern and related configurations shall be configurable and left for implementation and declaration including
-	DL/UL scheduling related configuration
-	PRACH configuration
-	SRS configuration
-	SSB configuration
-	CSI-RS configuration
-	BWP configuration
-	SMTC configuration
-	TCI state configuration
-	Antenna configuration
-	AoA configuration




[bookmark: _Toc158409724]RAN4 to agree that similarly to IAB-MT, the actual NCR-MT RRM test can be conducted by any set of configuration parameters which are left to implementations and manufacturer declarations.
Finally, TS 38.174 Appendix H-1 also defines conditions for IAB-MT RRC Connection Re-establishment requirements. These conditions are needed for RAN5 in order to conduct the corresponding tests. Therefore, we also think that some of those conditions should be introduced for LA NCR-MTs.
[bookmark: _Toc158409725]RAN4 to define conditions for measurements on NR Inter/Intra-frequency Cells for RRC Connection Re-establishment for Local Area IAB-MTs (like in Appendix H.1 in TS 38.174 for IAB-MT).
[bookmark: _Toc116995848]

Conclusion
In the paper we provide the analysis of the scope of RRM Test Cases and necessary configurations for NCR nodes.
The following Observations and Proposals were made:
Proposal 1: The RRM test cases apply for Local-area NCR-MT classes only.
Proposal 2: Introduce four NCR-MT TCs for Inter-/Intra-frequency RRC Re-establishment in FR1/FR2-1.
Proposal 3: Introduce two NCR-MT TCs for Transmit Timing for FR1/FR2-1.
Proposal 4: Introduce eight NCR-MT TCs for Radio Link Monitoring in non-DRX mode: for Out-of-sync /In-synch for FR1/ FR2-1 PCell configured with SSB-based/CSI-based RLM.
Proposal 5: Introduce four NCR-MT TCs for Beam Failure Detection and Link Recovery in non-DRX mode: for FR1 /FR2-1 PCell configured with SSB-based/CSI-RS-based BFD and LR.
Observation 1: To avoid any impacts on the quality of data transmission to/from the access UEs, it is important that NCR node is strictly following the access link beam configuration/switching procedure.
Proposal 6: RAN4 to introduce new test cases to verify latency of NCR-Fwd access link beam configuration/switching for LA NCR nodes supporting aperiodic and/or semi-persistent beam indication for access link.
Proposal 7: RAN4 to specify NCR-MT RRM test configurations by reusing the Appendix G.1 IAB-MT RRM test configurations from TS 38.174.
Proposal 8: RAN4 to agree that similarly to IAB-MT, the actual NCR-MT RRM test can be conducted by any set of configuration parameters which are left to implementations and manufacturer declarations.
Proposal 9: RAN4 to define conditions for measurements on NR Inter/Intra-frequency Cells for RRC Connection Re-establishment for Local Area IAB-MTs (like in Appendix H.1 in TS 38.174 for IAB-MT).
[bookmark: _Toc116995849]
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