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1	Introduction
A new Rel-18 work item (WI) on Air-to-ground network for NR was approved Error! Reference source not found. and RAN4 has reached good progress in defining the core RRM requirements as most CRs were endorsed at last meteing. In this contribution, we discuss and provide our initial view on the performance requirements based on the agreed core requirements.  
2	Test configurations

Test configuration
Following the ATG WID in [1], the ATG requirements apply to NR FR1 operation only. Thus, the new test cases introduced for ATG shall apply to FR1 only.
RMC:
The RRM test cases use reference measurements channels (RMCs) in the different types of test cases to verify the core requirements. More specifically, following types of RMCs are needed:
· RMC for PDSCH, 
· CORESET for RMSI scheduling 
· CORESET for RMC scheduling 
It is recalled that the release 18 work item on ATG involved mainly RAN4, and thus no changes were made to the physical channels and signals which were reused by ATG. Therefore, it might be possible to reuse the legacy RMCs defined for NR. 
Proposal 1 The legacy NR RMCs defined in section A.3.1 of TS 38.133 are reused for ATG test cases. 
 
OCNG
OFDM Channel Noise Generator (OCNG) is also used in the RRM test cases to model the usage of the radio resources. The legacy OCNG defined in section A.3.2.1 of TS 38.133 include also OCGN specific to FR2. However since release 18 ATG supports only FR1 operation, the FR1 specific OCNGs as listed below are reused for ATG test cases. 
Proposal 2 Following legacy NR OCNGs are reused for ATG test cases: 
· Generic OCNG pattern for all unused REs defined in A.3.2.1.1 in TS 38.133.
· Generic OCNG pattern for unused REs in the same bandwidth as CORESET defined in A.3.2.1.3 of TS 38.133.
· Generic OCNG pattern for all unused REs outside SSB slot(s) defined in A.3.2.1.4 in TS 38.133

SCell impact
In Rel-18 ATG, only single carrier is supported. Thus, RAN4 shall not define any test cases related to the SCC.
Proposal 3 RAN4 not to define test cases for SCC.

DRX impact
In legacy UE test cases, RAN4 has defined test cases with both both DRX and non-DRX configuration. However, ATG UE is not expected to have power consumption issue. Thus, RAN4 can define test cases with non-DRX only. 
Proposal 4 RAN4 to define test cases with non-DRX only.

TDD impact
A new TDD pattern is being considered for ATG operation and discussions are ongoing. Since the legacy test cases include TDD configurations, RAN4 needs to discuss additional test cases based on the new TDD configuration (if agreed). 
Proposal 5 RAN4 to discuss additional test cases considering the new TDD pattern for ATG (if agreed).


2	Type of test cases
RRC_IDLE state mobility
The new IDLE state cell reselection requirements for ATG were endorsed in [2]. The main difference compared to the legacy requirements is that, for ATG UE IDLE mode cell reselection requirements, RAN4 introduced a new signaling from the network to the UE which indicates which set of requirements the UE shall meet. There will be two set of requirements called set1 and set2, corresponding to legacy Rel-15 cell reselection requirements and Rel-17 HST cell reselection requirements, respectively. Therefore, the new test shall be designed to verify that the UE can meet the cell reselection requirements indicated by the signalled information. 

Proposal 6 RAN4 to introduce new IDLE mode cell reselection test cases to verify that UE can meet the set of cell reselection requirements indicated by the new network indicator. 
Proposal 7 The new ATG cell reselection test cases shall verify following two types of cell reselections:
· Cell reselection to FR1 intra-frequency 
· Cell reselection to FR1 inter-frequency

RRC_CONNECTED state mobility
The new CONNECTED state mobility requirements for ATG were endorsed in [3] and they include requirements for handover, RRC re-establishment, random access and RRC connection release with redirection as discussed below. 
Handover
The legacy handover requirements were reused for ATG. As mentioned above, since the legacy test configurations cannot be reused for ATG since it is different type of UE and RAN4 may need to define new handover test cases. 
Although the conditional requirements for ATG were reused from the corresponding Rel-17 NR NTN, new test cases are still needed since the test configurations will be different compared to NR NTN. For example, the current test configurations include satellite specific data which are not relevant for ATG, instead new ATG specific parameters might be needed.
Proposal 8  RAN4 to introduce new test cases to verify the handover and conditional handover requirements as follows:
· Intra-frequency handover from FR1 to FR1; known target cell
· Intra-frequency handover from FR1 to FR1; unknown target cell
· Inter-frequency handover from FR1 to FR1; unknown target cell
· Intra-frequency conditional handover from FR1 to FR1
· Inter-frequency conditional handover from FR1 to FR1

For other CONNECTED mode mobility procedures (RRC re-establishment, Random access, RRC connection release with redirection), RAN4 agreed to reuse the legacy NR requirements and no ATG specific requirements were introduced. Nevertheless, RAN4 needs to first discuss and agree on the test configurations. If the legacy test configurations cannot be reused for ATG (which is likely the case), RAN4 may need to define new test cases for these CONNECTED mode mobility procedures. In below proposal we list the new test cases which may be needed for remaining ATG CONNECTED mode mobility procedures.

Proposal 9 RAN4 to introduce new test cases to verify the RRC re-establishment requirements:
· Intra-frequency RRC Re-establishment in FR1
· Inter-frequency RRC Re-establishment in FR1

Proposal 10 RAN4 to introduce new test cases to verify the random access requirements:
· 4-step RA type contention based random access test in FR1 for NR standalone
· 4-step RA type non-contention based random access test in FR1 for NR standalone
· 2-step RA type contention based random access test in FR1 for NR standalone
· 2-step RA type non-contention based test in FR1 for NR standalone


Proposal 11 RAN4 to introduce new test cases to verify the RRC connection release with redirection requirements:
· Redirection from NR in FR1 to NR in FR1


Timing
We propose to develop ATG RRM timing performance requirements based on NTN test cases in TS 38.133 A.14.3 Timing for Satellite Access. In A14.3 we have:
· [bookmark: _Hlk146716083]A.14.3.2 	NR UE Transmit Timing Test for FR1
· A.14.3.2	Timing advance for satellite access
 
The purpose of the NR UE Transmit Timing Test for FR1 is to verify that the UE can follow frame timing change of the reference cell and that the UE initial transmit timing accuracy, maximum amount of timing change in one adjustment, minimum and maximum adjustment rate are within the specified limits.
The purpose of the Timing advance for satellite access test is to verify UE Timing Advance adjustment delay and accuracy requirement.
Proposal 12 RAN4 to introduce new test cases to verify the ATG timing requirements as follows: 
· NR UE Transmit Timing Test for FR1: to verify that the UE can follow frame timing change of the reference cell and that the UE initial transmit timing accuracy, maximum amount of timing change in one adjustment, minimum and maximum adjustment rate are within the specified limits.

· Timing advance for ATG test is to verify UE Timing Advance adjustment delay and accuracy requirement.

Signalling characteristics
The new requirements for signalling characteristics for ATG were endorsed in [4], and they include requirements for following procedures: 
· radio link monitoring, 
· link recovery,  
· active BWP switching delay, 
· active TCI state switching delay, 
· UE-specific CBW change delay, 
· pathloss reference signal switching delay,
· Active downlink TCI state switching delay for unified TCI for ATG ,
· Active uplink TCI state switching delay for unified TCI for ATG

It is noted that most of these requirements were reused from corresponding legacy NR requirements. However, since the test configurations are expected to be different for ATG the legacy test cases cannot be reused. Therefore RAN4 may need to define ATG specific test cases to verify the abovementioned requirements. Below we provide a detailed list of ATG specific test cases that need to be introduced.  

Proposal 13 RAN4 to introduce new test cases to verify the ATG RLM requirements as follows:
· Radio Link Monitoring Out-of-sync Test for FR1 PCell configured with SSB-based RLM RS in non-DRX mode
· Radio Link Monitoring In-sync Test for FR1 PCell configured with SSB-based RLM RS in non-DRX mode
· Radio Link Monitoring Out-of-sync Test for FR1 PCell configured with CSI-RS-based RLM in non-DRX mode
· Radio Link Monitoring In-sync Test for FR1 PCell configured with CSI-RS-based RLM in non-DRX mode

Proposal 14 RAN4 to introduce new test cases to verify the ATG link recovery requirements as follows:
· Beam Failure Detection and Link Recovery Test for FR1 PCell configured with SSB-based BFD and LR in non-DRX mode
· Beam Failure Detection and Link Recovery Test for FR1 PCell configured with CSI-RS-based BFD and LR in non-DRX mode


Proposal 15 RAN4 to introduce new test cases to verify the ATG active BWP switch delay requirements:
· DCI-based and Timer-based Active BWP Switch
· RRC-based Active BWP Switch


Proposal 16 RAN4 to introduce new test cases to verify the ATG UE specific CBW change requirements as follows:
· [bookmark: _Hlk54090261]UE specific CBW change on PCell in FR1 in non-DRX

Pathloss reference signal switching delay
Proposal 17 RAN4 to introduce new test cases to verify the pathloss reference signal switching delay requirements as follows:
· MAC-CE based pathloss reference signal switch delay

RAN4 defined requirements for active TCI state switching delay for ATG using MAC-CE, DCI and RRC based switching in section 8.10X in [5]. In addition, active downlink and uplink  TCI switching delay for unified TCI were defined for ATG. Discussions are needed whether to define test cases for those and to identify the type of test cases. 
Proposal 18 RAN4 to discuss the test cases for TCI switching delay requirements for MAC-, DCI and RRC-based TCI state switching delay requirements. 


Measurement procedure
In last meeting, RAN4 agreed to introduce the beam sweeping for phase antenna array in FR1 4GHz. 
	Issue 4-1-1: Phase antenna array impact for L3 measurements
Agreement: 
· Recommend RAN2 to introduce network assistance on neighbor ATG cells reference locations similar to NTN assistance framework
· Do not introduce scaling factor N and the existing measurement requirements can be reused for ATG UEs [with omnidirectional antennas]
· Introduce scaling factor N for L3 measurements for ATG UEs with [antenna arrays]
· N = 3 for the case when network assistance on ATG cells reference locations is provided
· N = 4 otherwise
· FFS if any additional UE capability is needed for ATG UEs with [antenna arrays]
· Note: the terms for UE types need to be further aligned with RF session


Thus, RAN4 needs to define different test cases for 2GHz and 4GHz deployments. In 2GHz, the UE will use omnidirectional antennas to perform L3 measurement. The new test cases for ATG UE can follow the legacy FR1 measurement test case as follow.
Proposal 19 RAN4 to follow the legacy FR1 test case configuration for ATG UE measurement requirements in FR1 2GHz.
In 4GHz, RAN4 agreed to apply the scaling factor N for L3 measurements, where N=3 when network assistance on ATG cells reference locations is provided, and N=4 without network assistant information. During the discussion in last meeting, companies proposed that the flight path of the ATG UE may stay in the middle of two different BSs and the serving cell is behind the ATG UE during the flight trip. Thus, the scaling factor N=3 is introduced. However, how to set the configuration to implement such deployment to test ATG UE is uncertain. RAN4 needs to discuss how to set the test case for FR1 GHz measurement. 
[image: ]
Figure 1 ATG UE with beam sweeping in FR1 4GHz
Proposal 20 RAN4 to discuss how to model the L3 measurement test with beam sweeping in FR1 4GHz.
Different with L3 measurement, RAN4 agreed that no impact to L1-RSRP measurement due to phase antenna array in FR1 4GHz. Thus, L1-RSRP test cases will be same for 2GHz and 4GHz.
	Issue 4-1-2: Phase antenna array impact for L1 measurements
· Option 1: Do not introduce scaling factor N. Existing measurement requirements can be reused, provided that beam steering based on the positioning is capable for the ATG UE.
· Option 2: Introduce scaling factor.
· Option 2-1:
· For FR1 ATG UE with phase array antenna, scaling factor ’P’ for L1 serving cell measurement, L3 neighbouring cell intra-frequency measurement without MG and inter-frequency measurement without MG should be introduced. The impacted requirements including:
· Radio link monitoring
· Link recovery procedures
· L1-RSRP/SINR measurements for Reporting
· intra-frequency measurements without measurement gaps for ATG
· Inter frequency measurements without measurement gaps for ATG
· CSI-RS based intra-frequency measurements
 
Agreement: Option 1



Proposal 21 RAN4 to introduce the following new test cases to verify the ATG UE measurement requirements in FR1.
· Intra-frequency measurement(2GHz)
· SA event-triggered reporting tests without gaps under non-DRX
· SA event-triggered reporting tests with per-UE gaps under non-DRX
· Inter-frequency measurement(2GHz)
· SA event triggered reporting tests without SSB time index detection when DRX is not used
· Intra-frequency measurement(4GHz)
· SA event-triggered reporting tests without gaps under non-DRX
· SA event-triggered reporting tests with per-UE gaps under non-DRX
· Inter-frequency measurement(4GHz)
· SA event triggered reporting tests without SSB time index detection when DRX is not used
· L1-RSRP measurement(2GHz and 4GHz)
· SSB based L1-RSRP measurement when DRX is not used
· CSI-RS based L1-RSRP measurement when DRX is not used

[bookmark: _In-sequence_SDU_delivery]3	Summary
In this contribution we have provided our initial view on RRM performance requirements for ATG based on the endorsed core RRM requirements CRs at last RAN4 meeting. We have discussed both test model, test configuration and list of test cases and made following proposals:
1. The legacy NR RMCs defined in section A.3.1 of TS 38.133 are reused for ATG test cases. 
 
Proposal 23 Following legacy NR OCNGs are reused for ATG test cases: 
· Generic OCNG pattern for all unused REs defined in A.3.2.1.1 in TS 38.133.
· Generic OCNG pattern for unused REs in the same bandwidth as CORESET defined in A.3.2.1.3 of TS 38.133.
· Generic OCNG pattern for all unused REs outside SSB slot(s) defined in A.3.2.1.4 in TS 38.133

Proposal 24 RAN4 not to define test cases for SCC.
Proposal 25 RAN4 to define test cases with non-DRX only.
Proposal 26 RAN4 to discuss additional test cases considering the new TDD pattern for ATG (if agreed).

Proposal 27 RAN4 to introduce new IDLE mode cell reselection test cases to verify that UE can meet the set of cell reselection requirements indicated by the new network indicator. 
Proposal 28 The new ATG cell reselection test cases shall verify following two types of cell reselections:
· Cell reselection to FR1 intra-frequency 
· Cell reselection to FR1 inter-frequency

Proposal 29 RAN4 to introduce new test cases to verify the handover and conditional handover requirements as follows:
· Intra-frequency handover from FR1 to FR1; known target cell
· Intra-frequency handover from FR1 to FR1; unknown target cell
· Inter-frequency handover from FR1 to FR1; unknown target cell
· Intra-frequency conditional handover from FR1 to FR1
· Inter-frequency conditional handover from FR1 to FR1

Proposal 30 RAN4 to introduce new test cases to verify the RRC re-establishment requirements:
· Intra-frequency RRC Re-establishment in FR1
· Inter-frequency RRC Re-establishment in FR1

Proposal 31 RAN4 to introduce new test cases to verify the random access requirements:
· 4-step RA type contention based random access test in FR1 for NR standalone
· 4-step RA type non-contention based random access test in FR1 for NR standalone
· 2-step RA type contention based random access test in FR1 for NR standalone
· 2-step RA type non-contention based test in FR1 for NR standalone

Proposal 32 RAN4 to introduce new test cases to verify the RRC connection release with redirection requirements:
· Redirection from NR in FR1 to NR in FR1

RAN4 to introduce new test cases to verify the ATG timing requirements as follows: 
· NR UE Transmit Timing Test for FR1: to verify that the UE can follow frame timing change of the reference cell and that the UE initial transmit timing accuracy, maximum amount of timing change in one adjustment, minimum and maximum adjustment rate are within the specified limits.

· Timing advance for ATG test is to verify UE Timing Advance adjustment delay and accuracy requirement.

Proposal 33 RAN4 to introduce new test cases to verify the ATG RLM requirements as follows:
· Radio Link Monitoring Out-of-sync Test for FR1 PCell configured with SSB-based RLM RS in non-DRX mode
· Radio Link Monitoring In-sync Test for FR1 PCell configured with SSB-based RLM RS in non-DRX mode
· Radio Link Monitoring Out-of-sync Test for FR1 PCell configured with CSI-RS-based RLM in non-DRX mode
· Radio Link Monitoring In-sync Test for FR1 PCell configured with CSI-RS-based RLM in non-DRX mode

Proposal 34 RAN4 to introduce new test cases to verify the ATG link recovery requirements as follows:
· Beam Failure Detection and Link Recovery Test for FR1 PCell configured with SSB-based BFD and LR in non-DRX mode
· Beam Failure Detection and Link Recovery Test for FR1 PCell configured with CSI-RS-based BFD and LR in non-DRX mode
· 

Proposal 35 RAN4 to introduce new test cases to verify the ATG active BWP switch delay requirements:
· DCI-based and Timer-based Active BWP Switch
· RRC-based Active BWP Switch


Proposal 36 RAN4 to introduce new test cases to verify the ATG UE specific CBW change requirements as follows:
· UE specific CBW change on PCell in FR1 in non-DRX

Proposal 37 RAN4 to introduce new test cases to verify the pathloss reference signal switching delay requirements as follows:
· MAC-CE based pathloss reference signal switch delay

Proposal 38 RAN4 to discuss the test cases for TCI switching delay requirements for MAC-, DCI and RRC-based TCI state switching delay requirements. 

Proposal 39 RAN4 to follow the legacy FR1 test case configuration for ATG UE measurement requirements in FR1 2GHz.
Proposal 40 RAN4 to discuss how to model the L3 measurement test with beam sweeping in FR1 4GHz.

Proposal 41 RAN4 to introduce the following new test cases to verify the ATG UE measurement requirements in FR1.
· Intra-frequency measurement(2GHz)
· SA event-triggered reporting tests without gaps under non-DRX
· SA event-triggered reporting tests with per-UE gaps under non-DRX
· Inter-frequency measurement(2GHz)
· SA event triggered reporting tests without SSB time index detection when DRX is not used
· Intra-frequency measurement(4GHz)
· SA event-triggered reporting tests without gaps under non-DRX
· SA event-triggered reporting tests with per-UE gaps under non-DRX
· Inter-frequency measurement(4GHz)
· SA event triggered reporting tests without SSB time index detection when DRX is not used
· L1-RSRP measurement(2GHz and 4GHz)
· SSB based L1-RSRP measurement when DRX is not used
· CSI-RS based L1-RSRP measurement when DRX is not used
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