

	
3GPP TSG RAN WG4 Meeting #110	R4-2401954
Athens, Greece, February 26 – March 1, 2024
Agenda Item:	8.9.6
Source: 	Ericsson
Title:	Discussions on RRM performance requirements for ATG
Document for:	Discussion
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
RAN4 discussed the performance requirements for Rel-18 feature of air-to-ground [1] and outcome of the discussions is summarized in [2]. 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 the last meeting, RAN4 agreed to ATG test cases using the legacy TDD pattern as baseline. In addition, it was agreed to introduce a new TDD configuration for the pattern ‘30D4S6U’ in test configuration section A.3.1.4 in TS 38.133 and to define at least one ATG test case using the new pattern. Discussions are needed to identify to which test the new TDD pattern shall apply and for the conditions associated to those. 

RAN4 to introduce test cases for the new TDD pattern introduced for ATG. 

RMC:
RAN4 agreed to reuse the legacy NR RMCs for ATG tests and additionally develop new RMCs for the new TDD configuration. Therefore a new RMC for the new TDD pattern ‘30D4S6U’ is needed to define test cases using the new TDD pattern. 

RAN4 to introduce new RMC for the new TDD pattern for testing ATG requirements. 


Test method for UE with antenna array
RAN4 defined two sets of delay requirements depending on UE’s capability to support operation with and without 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 information on ATG cell reference location. Other CONNECTED mode mobility procedures (such as handover, RRC re-establishment, RRC connection release with redirection), requirements were also defined following similar approach. 

Regarding the discussions on the test method for UE with antenna array, the following options were identified at last meeting [2]:

	Issue 2-6: Test method for UE with antenna array
· Proposals
· Option 1: The approach of only to introduce the scaling factor in the RRM core requirement and not to have the scaling factor in the tests is more simpler and cheaper. (CATT)
· Option 2: Conducted test should be reused for ATG UE with antenna array, the scaling factor need to be considered in the test requirements. (CMCC, LGE, HW)
· Option 3: RAN4 to consult RAN5 feedback on whether it is feasibility to define test cases for ATG UEs in FR1 with beam sweeping capability. (Ericsson)
· Option 4: Two alternatives for the test method with antenna array assumption: (ZTE)
· Alternative 1: Define OTA test to verify beam sweeping for ATG UE with phase antenna array capability. (CATT open to discuss the feasibility)
· Alternative 2: Not to distinguish the test between conductive test and OTA test, only focus on the requirements of delay. Leave the test details to actual implementation.



We support option 3 because testing the ATG UE with beamsweeping in FR1 requires new testing method and such method has not been discussed or explored in RRM earlier. Thereore, we think it is reasonable to consult RAN5 for feedback on feasibility of introducing FR1 test with beamsweeping before concluding on any other options. Such LS can also address option 2, where RAN5 can also be requested to provide feedback on performing conducted test with a scaling factor, and based on RAN5 input RAN4 can make a decision. Nevertheless, such LS will not delay the RAN4 work since RAN4 can still focus on the remaining performance part which includes introducing the tests for the UE with omnidirectional antennas. 

We do not support option 1 because it is important to define test cases to verify all core requirements and behaviour in the UE whenever feasible. In addition, it is noted that there are quite many requirements defined in a way that depend on beamsweeping such as cell reselection, handover, RRC re-establishment, CONNECTED mode L3 measurements etc. If antenna arrary tests are excluded, then none of those requirements will be verified in practice. 

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

Neighbour cell configurations
Neighbour cell configuration for the test cases of the UE with antenna array was briefly discussed and where following option was identified [2]: 

	Issue 2-7: Neighbour cell configuration
· Proposals
· Option 1: 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.



ATG UE operating in TDD band is expected to be equipped with antenna array for which some of the requirements are different compared to the ATG UE operating in FDD band with omnidirectional antenna. As an example, cell reselection requirements, CONNECTED mode mobility procedure requirements and CONNECTED mode measurements are defined differently. In the antenna array requirements, the UE is expected to perform beam sweeping (by applying a scaling factor) based on the network assistance information where multiple neighbour cells are assumed. Therefore, it is necessary to model multiple cells in the tests to verify the antenna array requirements. 
For the TDD test cases for the ATG UE with antenna array, include at least two neighbour cells in the test configurations. 

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 [3] 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. 

However, for RRC re-establishment requirements we propose to define test cases for the known target cell only because it may be reasonable to assume that the target cell is always known for a ATG deployment with fixed flight path unlike the mobilty of a handheld devices in TN. It is also noted that in corresponding TN case only RRC re-establishment tests for only the known case were defined. 
It is further noted that the RLM test cases captured in [3] include tests with DRX configured. This needs to be corrected to be aligned with [3] 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 known target cell without serving cell timing.

Principle for capturing ATG test cases in the specification
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 introduce test cases for the new TDD pattern introduced for ATG. 

RAN4 to introduce new RMC for the new TDD pattern for testing ATG requirements. 

RAN4 to consult RAN5 feedback on whether it is feasibility to define test cases for ATG UEs in FR1 with beamsweeping capability. 
For the TDD test cases for the ATG UE with antenna array, include at least two neighbour cells in the test configurations. 
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 known target cell without serving cell timing.

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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1. Overall Description:
ATG refers to direct communication between ground base stations and a special type of UE mounted on aircraft. RAN4 defined RRM requirements based on two types of ATG UEs: one type with omnidirectional antenna and another type with antenna arrays. For the former type, most RRM requirements are similar to those defined for release 15 NR NR UEs. The latter UE type is operating in FR1 in TDD band and is required perform beam sweeping for meeting some of the RRM requirements. As there are currently no established testing method for verifying the requirements that require beam sweeping in FR1, RAN4’s understands that a new testing method might be needed. RAN4 would therefore like to request RAN5 to provide feedback on whether it is feasible to introduce beam sweeping tests in FR1 for ATG UE. 

2. Actions:
To RAN WG5 group.
ACTION: 	RAN4 respectfully asks RAN5 to provide feedback on feasibility of introducing tests with beam sweeping in FR1 for ATG UE.

3. References:

4. Date of Next TSG-RAN WG4 Meetings:
TSG RAN WG4 Meeting #110-bis			15 – 19, April 2024						TBC, China.
TSG RAN WG4 Meeting #111				20– 24 May 2024							TBC, Japan.  

