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[bookmark: _Toc116995841]Introduction
In [1], the work item for Air-to-Ground communication was approved to discuss requirements for the deployments of ATG UEs. The discussions are intended to address the characteristics of ATG networks, such as extremely large inter-site distance, and the list of objectives for RRM discussion include  “considering the different nature of ATG UEs and their view of the network, increased cell sizes and other relevant aspects”. The work has been progressing in RAN4 since then, and in RAN4 #107, a Way-Forward on the topic was discussed and approved in [2]. One relevant open issue presented in the way forward regards the applicability of the measurements by ATG UEs on the operation in 4 GHz. The present document discusses the following topic:
· ATG Measurement Requirements in operation on 4GHz bands. 


[bookmark: _Toc116995842]Discussion
This WI has considered ATG implementations at frequencies around 2 and 4 GHz. As it is currently discussed in RF topics, the ATG UE operating at 4 GHz is assumed to be a CPE UE capable of directional transmissions towards the base station. 
[bookmark: _Toc142674896]At 4 GHz, ATG UEs are assumed by the WID to be capable of directional transmissions. 
[bookmark: _Toc116981541][bookmark: _Toc116982824][bookmark: _Toc116982859][bookmark: _Toc116982882][bookmark: _Toc116994710][bookmark: _Toc116994823][bookmark: _Toc116994895][bookmark: _Toc116994909][bookmark: _Toc116995098][bookmark: _Toc116995141][bookmark: _Toc116995897][bookmark: _Toc116995923][bookmark: _Toc116995943][bookmark: _Toc116996063][bookmark: _Toc116996084][bookmark: _Toc116996089][bookmark: _Toc116996131][bookmark: _Toc116996431][bookmark: _Toc116996752][bookmark: _Toc116997065][bookmark: _Toc132796768]However, there is a mismatch between this UE capability and the requirements currently designed in TS 38.133. The  4 GHz band is part of the frequency range of FR1, where mobility requirements were designed for a UE using omni directional transmission. 
[bookmark: _Toc142674897]In FR1 all current requirements only consider UEs capable of only omnidirectional transmission/reception.
UEs operating in the band above 10 GHz are expected to have beam directionality according to the WID.  A similar procedure was adopted in legacy (terrestrial) deployments in FR2, as depicted in the Example from Table 4.2.2.3-1, from TS 38.133 [4], for intra-frequency mobility in RRC_IDLE (highlights are our own): 
Table 4.2.2.3-1: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra
	DRX cycle length [s]
	Scaling Factor (N1)
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	
	FR1
	FR2-1Note1
	FR2-2 Note2
	
	
	

	0.32
	1
	8
	12
	11.52 x N1 x M2 (36 x N1 x M2)
	1.28 x N1 x M2 (4 x N1 x M2)
	5.12 x N1 x M2 (16 x N1 x M2)

	0.64
	
	5
	8
	17.92 x N1 (28 x N1)
	1.28 x N1 (2 x N1)
	5.12 x N1 (8 x N1)

	1.28
	
	4
	6
	32 x N1 (25 x N1)
	1.28 x N1 (1 x N1)
	6.4 x N1 (5 x N1)

	2.56
	
	3
	5
	58.88 x N1 (23 x N1)
	2.56 x N1 (1 x N1)
	7.68 x N1 (3 x N1)

	Note 1:	Applies for UE supporting FR2-1 power class 2&3&4. For UE supporting FR2-1 power class 1 or 5, N1 = 8 for all DRX cycle length.
Note 2:	Applies for UE supporting FR2-2 power class 2&3. For UE supporting FR2-2 power class 1, N1 = 12 for all DRX cycle length.
Note 3:	M2 = 1.5 if SMTC periodicity of measured intra-frequency cell > 20 ms; otherwise M2=1. If different SMTC periodicities are configured for different cells, the SMTC periodicity in this note is the one used by the cell being identified. During PSS/SSS detection, the periodicity of the SMTC configured for the intra-frequency carrier is assumed, and if the actual SSB transmission periodicity is greater than the SMTC configured for the intra-frequency carrier, longer Tdetect, NR_intra is expected.




[bookmark: _Toc135062935][bookmark: _Toc135071207][bookmark: _Toc135090226][bookmark: _Toc142674898]For UEs with directional antennas operating in 4 GHz, use a scaling N for ATG UEs measurement requirements to account for measurement across multiple directional beams.
[bookmark: _Toc135090227][bookmark: _Toc142674899]Adopt “N” factor equal to 4. 

[bookmark: _Toc142674900]For UEs with directional antennas operating in 4 GHz, use a scaling factor for cell reselection requirements (Tdetect, Tevaluate, T measure) for measurements across different beams.




[bookmark: _Toc116995848]Conclusion
Analyzing the measurement requirements for the ATG UEs operating in 4 GHz, the following propoals are made:

Observation 1: At 4 GHz, ATG UEs are assumed by the WID to be capable of directional transmissions.
Observation 2: In FR1 all current requirements only consider UEs capable of only omnidirectional transmission/reception.
Proposal 1: For UEs with directional antennas operating in 4 GHz, use a scaling N for ATG UEs measurement requirements to account for measurement across multiple directional beams.
Proposal 2: Adopt “N” factor equal to 4.
Proposal 3: For UEs with directional antennas operating in 4 GHz, use a scaling factor for cell reselection requirements (Tdetect, Tevaluate, T measure) for measurements across different beams.

References
[1] [bookmark: _Ref114500673][bookmark: _Ref131674798]RP-220962, “New WID: Air-to-ground network for NR”, CMCC, RAN #95-e, March 17 – March 23, 2022. 
[2] [bookmark: _Ref131678419]R4-2306344, “WF on NR ATG RRM requirements”, CMCC, RAN4 #106, Feb 27 – March 03, 2023, Athens, Greece 

