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[bookmark: _Toc116995841]Introduction
At RAN4#110 all of the RRM test cases were mostly agreed to local area NCR-MT.
The only open issues is related to the testing of Access beam switching delay latency:
	1.Open issue
For Access beam switching delay test case 
· Option 1: To define the test case  
· Option 2:  Not to define the test case



In this paper we elaborate why it is important to test the access beam switching delay latency for local area NCR-MTs.

[bookmark: _Toc116995842]Discussion
RAN1 has agreed two optional NCR capabilities to configure the NCR-Fwd Access link beam based on the indication in DCI or MAC-CE [1]:
	
	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. 




Some additional comments can be fond in the TS 38.306 that defines NCR-MT capabilities as follows:
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	ncr-AperiodicBeamInd-AccessLink-r18
Indicates whether NCR supports aperiodic beam indication for access link. The capability signalling comprises the following parameters:
-	ncr-AperiodicBeamInd-r18 indicates whether NCR supports aperiodic beam indication for access link,
-	ncr-SlotOffset-r18 indicates the value of supported slot-offset for reference slot. ncr-SlotOffset-r18 is selected based on the SCS of the PDCCH received by the NCR-MT. If 0 is reported, the NCR expects that the time resource in NCR-AperiodicFwdConfig of the aperiodic beam indication is at least after the end of time resource for PDCCH carrying the DCI for aperiodic beam indication.
	NCR-MT
	No
	No
	No

	ncr-Semi-PersistentBeamInd-AccessLink-r18
Indicates whether NCR supports semi-persistent beam indication for access link, priority flag for semi-persistent indication and MAC CE override of the RRC configured of the beam index(es) at activation of semi-persistent beam indication.
	NCR-MT
	No
	No
	No



Finally, the corresponding information elements containing the NCR-Fwd configurations are provided in RAN2 TS 38.331, e.g., in the case of aperiodic beam configuration:
	NCR-AperiodicFwdConfig
The IE NCR-AperiodicFwdConfig is used to configure a list of aperiodic forwarding time resources for NCR-Fwd access link.
NCR-AperiodicFwdConfig information element
-- ASN1START
-- TAG-NCR-APERIODICFWDCONFIG-START

NCR-AperiodicFwdConfig-r18 ::= SEQUENCE {
    aperiodicFwdTimeRsrcToAddModList-r18  SEQUENCE (SIZE (1..maxNrofAperiodicFwdTimeResource-r18)) OF NCR-AperiodicFwdTimeResource-r18
                                                                                                        OPTIONAL, -- Need N
    aperiodicFwdTimeRsrcToReleaseList-r18 SEQUENCE (SIZE (1..maxNrofAperiodicFwdTimeResource-r18)) OF NCR-AperiodicFwdTimeResourceId-r18
                                                                                                        OPTIONAL, -- Need N
    referenceSCS-r18                      SubcarrierSpacing                                             OPTIONAL, -- Need M
    aperiodicBeamFieldWidth-r18           INTEGER (1..6)                                                OPTIONAL, -- Need M
    numberOfFields-r18                    INTEGER (1..32)                                               OPTIONAL, -- Need M
    ...
}

NCR-AperiodicFwdTimeResource-r18 ::= SEQUENCE {
    aperiodicFwdTimeRsrcId-r18           NCR-AperiodicFwdTimeResourceId-r18,
    slotOffsetAperiodic-r18              INTEGER (0..14),
    symbolOffset-r18                     INTEGER (0..maxNrofSymbols-1),
    durationInSymbols-r18                INTEGER (1..28)
}

NCR-AperiodicFwdTimeResourceId-r18 ::= INTEGER (0..maxNrofAperiodicFwdTimeResource-1-r18)

-- TAG-NCR-APERIODICFWDCONFIG-STOP
-- ASN1STOP

	NCR-AperiodicFwdConfig field descriptions

	aperiodicBeamFieldWidth
Indicates the bitwidth of each beam index field in DCI carrying aperiodic beam indication.

	aperiodicFwdTimeRsrcToAddModList
List of aperiodic forwarding time resources to be added or modified.

	aperiodicFwdTimeRsrcToReleaseList
List of aperiodic forwarding time resources to be released.

	durationInSymbols
Indicates the time duration in number of symbols.

	numberOfFields
Indicates the number of time resource fields in DCI carrying aperiodic beam indication.

	referenceSCS
Indicates the reference subcarrier spacing for all the time resources in the list. Only values kHz15, kHz30, kHz60, kHz120 and kHz240 are applicable.

	slotOffsetAperiodic
Indicates the slot offset used to define the start slot of aperiodic time resource.

	symbolOffset
Indicates the symbol offset in one slot.








[bookmark: _Ref163211983]Figure 1: An illustration of NCR-Fwd Access link beam management.

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/periodic manner (with RRC signalling) or change dynamically: in a semi-persistent way (with MAC CE indication) or aperiodically (DCI indication). 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 through the wrong beam or lost completely.
For example, if after the reception of the DCI indication it takes longer time form the NCR-Fwd to switch the access beam (e.g. from beam #1 to beam #2 as shown in Figure 1), gNB will already start data transmission to the UE2. However, NCR might still use access beam #1 or be in switching to beam #2. In both cases, the data set towards UE2 will be lost.
[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 and latency requirements. This is especially important for Local Area NCRs deployment without though deployment planning.

At RAN4#107 meeting it was agreed that specific RAN4 requirements on NCR-Fwd access link beam configuration/switching procedures are not needed [2]. 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.
RAN4 requirements for NCR-Fwd access link beam switching latency are not defined only because these requirements are already available from RAN1 TS 38.213, Clause 20. Hence, the duplication of the requirement is not needed.

The testability of such latency requirements was channelled by some of the companies at RAN4#110 meeting. In our view, the conventional RF (e.g., Rel-17) NR repeaters the conformance testing Over The Air (OTA) setup is already available in Annex E.1 of TS 38.115-2 for maximum EIRP testing and can be reused to identify the beam switch.
There is no need to configure the change in between multiple beams, especially in the case of aperiodic indication. For testing purposes, it should be sufficient to switch in between two access beams with sufficiently different beam pattern/power in a certain direction.
An existing example of measuring system set-up from TS 38.115-2 is show below:
	[bookmark: _Toc121818494][bookmark: _Toc121818718][bookmark: _Toc124158473][bookmark: _Hlk131069189]E.1	OTA output power EIRP, OTA Frequency stability, OTA Error Vector Magnitude and OTA Transmit ON/OFF power
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Figure E.1-1: Measuring system set-up for maximum EIRP testing
Note 1:	The repeater is a bi-directional device. The signal generator may need protection.
Note 2:	The OTA chamber shown in figure E.1-1 is intended to be generic and can be replaced with any suitable OTA chamber (Far field anechoic chamber, etc.)
Note 3:	UL/DL timing can be provided to the repeater.



Existing OTA output power EIRP testing setup (e.g., from TS 38.115-2, Clause E.1) can be used to identify the change of the access beam, especially when the powers of the beams are sufficiently different in a certain direction.
Taking into account observations above, we think that it is important and feasible to define a new test case:
[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.

[bookmark: _Toc116995848]Conclusion
In the paper we provide further motivation for a new test case verifying the latency of NCR-Fwd access beam change delay.
The following Observations and Proposal were made:
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 and latency requirements. This is especially important for Local Area NCRs deployment without though deployment planning.

1. RAN4 requirements for NCR-Fwd access link beam switching latency are not defined only because these requirements are already available from RAN1 TS 38.213, Clause 20. Hence, the duplication of the requirement is not needed.

Existing OTA output power EIRP testing setup (e.g., from TS 38.115-2, Clause E.1) can be used to identify the change of the access beam, especially when the powers of the beams are sufficiently different in a certain direction.

1. 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.
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