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RAN4 had initial discussions to identify the performance requirements for Rel-18 feature of air-to-ground [1]. A set of highlevel agreements on test configurations were made and a preliminary list of test cases were identified for further discussions, see [1]. In this contribution we discuss and provide our view on those.  
Discussions of RRM performance requirements

TDD impact
At last meeting it was agreed to define a new test configuration for ATG with 30 kHz SSB SCS with 40 MHz bandwith for TDD. It is also recalled that discussions are ongoing to define a new TDD pattern for ATG. Since the legacy test cases include TDD configurations, RAN4 needs to discuss additional test configurations for the new TDD configuration (if agreed). 

RAN4 to discuss additional test cases considering the new TDD pattern for ATG (if agreed).

RMC:
It was agreed to use the legacy RMCs as baseline for ATG test cases [1]. Following types of RMCs are defined and used in the legacy RRM test cases, see section A.3.1 in TS 38.133:

· RMC for PDSCH, 
· CORESET for RMSI scheduling 
· CORESET for RMC scheduling 

The parameters used in the RMCs are related to the physical channels and 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, our view is that the legacy RMCs can be reused directly for ATG and no further work is expected. 

The legacy NR RMCs defined in section A.3.1 of TS 38.133 are reused for ATG test cases. 

OCNG
It was agreed to use the legacy OCNG as baseline for ATG test cases [1]. 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. Unlike LTE OCNG, it is recalled that the OCNG design of NR is quite generic and can be applied in any test configurations regardless of the channel bandwidth. Therefore, our view is that the legacy NR OCNG can be reused directly for defining the ATG test cases and we do not expect any further modifications. 

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


TCI state switching test cases

RAN4 defined active TCI state switching delay requirements for ATG in section 8.10D in TS 38.133 for three types:

· MAC-CE based TCI state switch,
· DCI based TCI state switch,
· RRC based TCI state switch. 

It is also noted that the TCI state switching requirements defined in this section apply to UEs that do not support antenna array in FR1 [3]. It remains open whether the same requirements can be applied for UEs supporting antenna arrays. Our view is to define test cases for core requirements which already exist. Therefor we make following proposal:

RAN4 to define tests to verify the TCI state switching delay requirements for ATG UEs not supporting antenna arrays. FFS whether to define similar tests for ATG UEs supporting antenna arrays. 

Channel model
The channel model to consider for the RRM test cases was discussed at last meeting based on the following option [1]:

	Issue 6-2-10: Channel model
Proposals
· Option 1: Use the AWGN with residual doppler channel model for RRM test cases.




It is noted that similar test method is used in the ATG demodulation test cases already. It is further recalled that similar test method was used in the HST RRM tests as well, i.e. AWGN channel with a Doppler shift. Since the propagation channel conditions may be be similar to those of classical TN network test cases, we are fine to use the AWGN channel with Doppler shift for defining the RRM test cases for ATG.

AWGN with Doppler shift is used as the channel model for defining the ATG RRM test cases. 

Test method for UE with antenna array
RAN4 defined two set of delay requirements depending on UE’s capability to support operation with antenna arrays. For example, the L3 measurements in CONNECTED mode requirements are defined for two types of UEs: 1) UEs supporting phase antenna arrays, 2) UEs not supporting phase antenna arrays, i.e. in this case omnidirectional antenna is assumed. For the measurements using antenna arrary, a beam sweeping factor is introduced which depends on the network assistance on ATG cell reference location. Other CONNECTED mode mobility procedures (such as handover, RRC re-establishment, RRC connection release with redirection), requirements were defined following similar approach. 

RAN4 discussed test cases to verify those requirements with following outcome [1]: 

	Issue 6-2-5: Test method for UE with antenna array (not discussed in adhoc session)
Agreement:
· On the test method for UE with antenna array, further discuss: 
· Whether OTA test is feasible.
· Whether/how if conducted test is to be used. FFS whether scaling factor needs to be considered in the test requiremetns.




However, it is noted that a new test method would be needed, where the UE requirements depend on beamsweeping in FR1. Since this requires a new testing method, we propose to consult RAN5 for feedback on the feasibility. 

RAN4 to consult RAN5 feedback on whether it is feasibility to define test cases for ATG UEs in FR1 with beamsweeping capability. 
GNSS setup:
It was discussed whether to follow the GNSS setup from NR NTN based on which option 1 was made as follows [1]:

	Issue 6-2-7: GNSS setup
Proposals
· Option 1: GNSS is viable via AT command for all test cases, and GNSS only changed during the test for location-based CHO.
· Other Options are not precluded.



Based on the discussion from perevious meeting it is reasonable to assume that GNSS is viable via AT command for all test cases, and GNSS only changed during the test for location-based CHO.” is fine and therefore we propose:

GNSS is viable via AT command for all test cases, and GNSS only changed during the test for location-based CHO. 

Neighbour cell configurations
Neighbour cell configurations for the RRC_IDLE mode cell reselection test cases were discussed with following outcome [1] : 

	Issue 6-2-9: Neighbour cell configuration
Proposals
· Option 1: For the FDD cell re-selection test and intra/inter-frequency measurement test for UE with omnidirectional antenna, configure 1 neighbour cell. For the TDD cell re-selection test and and intra/inter-frequency measurement test for UE with antenna array, choose some test cases to configure 2 neighbour cells.
· Other Options are not precluded




The issue proposed in [4] can be divided into two parts:
1) Neighbour cell configurations for FDD cell reselection test cases for both intra- and inter-frequency NR case for ATG UE with antenna array, configure 1 neighbour cell.
2) Neighbour cell configurations for TDD cell reselection test cases for both intra- and inter-frequency NR case for ATG UE with antenna array, choose some test cases to configure 2 neighbour cells.


For part 1, our view is that the option 1 is aligned with the legacy way of defining test cases where two cells are considered; 1 current serving cell and 1 neighbour cell to be detected or already detected depending on the type of test cases. Therefore this method can be reused from the legacy cell reselection test cases defined in section A.6.1.1 in TS 38.133. Therefore option 1 is already aligned with legacy testing method and is therefore acceptable to us. 

For neighbour cell configurations for FDD cell reselection test cases for both intra- and inter-frequency NR case for ATG UE with antenna array, configure 1 neighbour cell.

For part 2, the proposed neighbour cell configurations are slightly different compared to the legacy configuration or the configurations proposed for part 1 where omnidirectional antenna is assumed. The motivation is to define test cases to verify the cell reselection requirements for UE which supports antenna arrays. For such UEs, the cell reselection requirements are different because a scaling factor is applied to account for the UE receiver beam sweeping based on the network assistance information on ATG cell reference locations. By modelling two neighbour cells the beam sweeping aspects of the ATG UE can be verified. We are in general fine to define at least one test case to verify this aspect in IDLE mode requirements.
For neighbour cell configurations for TDD cell reselection test cases for both intra- and inter-frequency NR case for ATG UE with antenna array, choose some test cases to configure 2 neighbour cells.

UE mobility assumptions
It was discussed whether to consider UE speed in the test cases as follows [1]:
	Issue 6-2-8: UE mobility assumption
Proposals
· Option 1: For the location-based cell re-selection tests, location-based CHO tests and UL transmit timing tests, the UE mobility should be assumed with 1200km/h. For the other tests, UE could be assumed with no mobility. 
· Other Options are not precluded.



UE speed is typically not explicitly included in the RRM test cases. Instead, the speed is typically modelled using the Doppler shift. Similar approach has been used in earlier RAN4 work such as highspeed train etc. We suggest following similar approach, i.e. to include the Doppler shift corresponding to the ATG UE scenario in the mobility test cases. 

UE speed in RRM mobilty test cases are modelled using the Doppler shift, i.e. no need to consider UE speed explicitly.

Test case list
Our view on the test cases were presented in [5], which are already captured in the way forward in [1]. In general, we prefer to define tests similar to the leacy NR performance requirements. It is noted that the test case list in [1] contains inter-frequency handover test for both known and unknown target cells. Similar to the legacy NR, we propose to define test only for inter-frequency handover with unknown target cell. Likewise, we propose to define intra-frequency RRC re-establishment with known cell and inter-frequency RRC re-establishment with unknown target cell. It is further noted that the RLM test cases captured in [1] include tests with DRX configured. This needs to be corrected to be aligned with [1] where only non-DRX tests in CONNECTED mode is agreed. 
Test case list presented in R4-2317341 is adopted for ATG performance requirements with following changes:
· Only non-DRX mode tests are defined in CONNECTED mode. 
· For HO: only inter-frequency handover with unknown target cell is defined.
· For RRC re-establishment, following tests are defined:
· Intra-frequency RRC Re-establishment with known target cell
· Inter-frequency RRC Re-establishment with unknown target cell

Therefore, we support the test case list presented in [1].
Test case list presented in R4-2317341 is adopted for ATG performance requirements.

Testing principle for ATG
It is recalled that many of the RRM core requirements for ATG were resued from the corresponding legacy NR requirements. But some of the requirements were different and specific to ATG operation. For the case when the requirements are the same or similar to the legacy NR, it would be beneficial to reuse the the existing test cases as well. This will reduce the amount of work for ATG, but more importantly it will reduce the redundancy in the specification. Although the testing purpose and of the configurations may be identical, but there are still ATG specific test configurations which need to be added or replaced with when running the ATG test cases. Therefore, we propose to define new ATG test cases using references to existing test cases whenever they are possible to reuse, i.e. new ATG clauses are introduced but the test environment and configurations from corresponding legacy tests are reused. One example is shown for the intra-frequency cell reselection test case below:

	A.X.1.1.1	Cell reselection to FR1 intra-frequency NR case for ATG UE
A.X.1.1.1.1	Test Purpose and Environment
The purpose of this test case is the same as for the test defined in clause A.6.1.1.1. The supported test configurations are the same as defined in clause A.6.1.1.1. The test parameters are the same except those described in the following clause. The listed parameter values in Tables A.X.1.1.1.1-1 will replace the values of corresponding parameters in Table A.6.1.1.1.2-1. The listed parameter values in Tables A.X.1.1.1.1-2 will replace the values of corresponding parameters in Table A.6.1.1.1.2-2.

Table A.X.1.1.1.1-1: Modified test configurations for ATG for UE with omnidirectional antenna
	Config
	Description

	1
	Source cell: NR 15 kHz SSB SCS, 10 MHz bandwidth, FDD duplex mode
Target cell: NR 15 kHz SSB SCS, 10 MHz bandwidth, FDD duplex mode

	2
	Source cell: NR 30 kHz SSB SCS, 40 MHz bandwidth, TDD duplex mode
Target cell: NR 30 kHz SSB SCS, 40 MHz bandwidth, TDD duplex mode

	Note:	The UE is only required to be tested in one of the supported test configurations







Table A.X.1.1.1.1-2: Modified test parameters for ATG for UE with omnidirectional antenna
	Test parameters
	

	DRX
	Secondary cells
	GNSS setup
	Propgation condition

	Only non-DRX tests apply
	Only tests with PCell apply
	To be updated
	AWGN with xxx Hz Doppler shift

	
	
	
	



A.X.1.1.1.2	Test Requirements
The test requirements of this test case is the same as those defined in clause A.6.1.1.1.
 




ATG tests are defined in separate clauses:
· If core requirements are identical to corresponding legacy tests, references are used to point to the existing tests.
· Modifed/delta tests parameters specific ATG to replace corresponding tests parameters in the legacy tests. 

Summary

In this contribution we have discussed the RRM performance requirements of ATG. Based on the discussions, we have made following proposals:
1. RAN4 to discuss additional test cases considering the new TDD pattern for ATG (if agreed).

The legacy NR RMCs defined in section A.3.1 of TS 38.133 are reused for ATG test cases. 


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

RAN4 to define tests to verify the TCI state switching delay requirements for ATG UEs not supporting antenna arrays. FFS whether to define similar tests for ATG UEs supporting antenna arrays. 

AWGN with Doppler shift is used as the channel model for defining the ATG RRM test cases. 

RAN4 to consult RAN5 feedback on whether it is feasibility to define test cases for ATG UEs in FR1 with beamsweeping capability. 

GNSS is viable via AT command for all test cases, and GNSS only changed during the test for location-based CHO. 


For neighbour cell configurations for FDD cell reselection test cases for both intra- and inter-frequency NR case for ATG UE with antenna array, configure 1 neighbour cell.
For neighbour cell configurations for TDD cell reselection test cases for both intra- and inter-frequency NR case for ATG UE with antenna array, choose some test cases to configure 2 neighbour cells.


UE speed in RRM mobilty test cases are modelled using the Doppler shift, i.e. no need to consider UE speed explicitly.
Test case list presented in R4-2317341 is adopted for ATG performance requirements with following changes:
· Only non-DRX mode tests are defined in CONNECTED mode. 
· For HO: only inter-frequency handover with unknown target cell is defined.
· For RRC re-establishment, following tests are defined:
· Intra-frequency RRC Re-establishment with known target cell
· Inter-frequency RRC Re-establishment with unknown target cell

Test case list presented in R4-2317341 is adopted for ATG performance requirements.
ATG tests are defined in separate clauses:
· If core requirements are identical to corresponding legacy tests, references are used to point to the existing tests.
· Modifed/delta tests parameters specific ATG to replace corresponding tests parameters in the legacy tests. 
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