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[bookmark: _Toc116995841]Introduction
The UAV WI, as presented in [1], includes the following objectives with RAN4 impact highlighted:
	
1. Specify the following enhancements on measurement reports [RAN2]:
· UE-triggered measurement report based on configured height thresholds
· Reporting of height, location and speed in measurement report
· Flight path reporting
· Measurement reporting based on a configured number of cells (i.e. larger than one) fulfilling the triggering criteria simultaneously
Note: Work done in LTE is a starting point for this objective. NR-specific enhancements can be considered, if needed, while overall the LTE and NR solutions should be harmonized as much as possible.

[bookmark: _Hlk130294153]2. Specify the signaling to support subscription-based aerial-UE identification [RAN3/SA2 interaction/RAN2]
Note: Work done in LTE is a starting point for this objective. NR-specific enhancements can be considered, if needed, while overall the LTE and NR solutions should be harmonized as much as possible.

[bookmark: _Hlk129273301][bookmark: _Hlk130294308]3. Specify the support for UAV identification broadcast (BRID) in NR PC5. Support of DAA using the same framework as BRID without DAA specific enhancements can be considered [RAN2]. Note:. UAV use of NR PC5 is to be used only in designated bands as defined in regulation for BRID/DAA use. 

4. Study UE capability signaling to indicate UAV beamforming capabilities and, if necessary, RRC signaling [RAN1, RAN2]: 

· FR1 with directional antenna at UE side
5. Based on the technical conditions defined for aerial UE usage in ECC Decision (22)07, study and specify the necessary UE types and additional OOBE requirements for aerial UEs in 1710-1785 MHz, 2500-2570 MHz and 2570-2620 MHz. [RAN4].

Note: In other frequency bands, OOBE limits applicable to terrestrial UE remain unchanged for aerial UE
Note2: Applicability of power classes for aerial UE may need to be addressed in RAN4
[bookmark: _Hlk130393847]Note3: RAN4 to identify the supported bands for aerial UE impacted by above information.





In this contribution we present further considerations for support of UAVs by the RAN4 specification. 
[bookmark: _Toc116995842]Discussion
During RAN99, an objective with RAN4 impact was added to the UAV WID [1]. RAN4 is requested to specify necessary UE types for additional OOBE requirements for areal UE operating the frequency ranges; 1710-1785 MHz, 2500-2570 MHz and 2570-2620 MHz according to ECC Decision (22)07.
The LS sent by ECC includes 4 requests to ETSI[2]:
	Based on the ECC Decision (22)07, ECC invites ETSI to include the following requirements in future ETSI harmonised standard on aerial UE to ensure a coherence with this ECC framework:

a) Additional OOBE requirements applicable to aerial UEs in the following frequency bands 1710-1785 MHz, 2500-2570 MHz, 2570-2620 MHz, as defined by ECC Decision 22(07). In other frequency bands, OOBE limits applicable to terrestrial UE remain unchanged for aerial UE. 
b)  a mechanism/feature coherent with the above aerial UE definition in order to differentiate aerial UE, as defined by ECC Decision 22(07) from terrestrial UE operating under LTE/NR 5G networks 
c) differentiation of aerial UE from other terrestrial UE shall not be changed by the end-user 
d) d) the aerial UE shall not be capable to connect to LTE/NR 5G networks without aerial subscription




The request in a) is discussed on section 2.1 of the present document, whereas the requests b), c) and d) are discussed in the LS reply in sections 2.2. The impact of the definition of an aerial UE is discussed in Section 2.2.

Affected NR bands
When considering the frequency ranges requested protected by ECC it can be identified that they correspond or overlap the NR bands as defined below from 38.101-1.
TS 38.101-1 - Table 5.2-1: NR operating bands in FR1
	NR operating band
	Uplink (UL) operating band
BS receive / UE transmit
FUL_low   –  FUL_high
	Downlink (DL) operating band
BS transmit / UE receive
FDL_low   –  FDL_high
	Duplex Mode

	n3
	1710 MHz – 1785 MHz
	1805 MHz – 1880 MHz
	FDD

	n7
	2500 MHz – 2570 MHz
	2620 MHz – 2690 MHz
	FDD

	n3810
	2570 MHz – 2620 MHz
	2570 MHz – 2620 MHz
	TDD

	n41
	2496 MHz – 2690 MHz
	2496 MHz – 2690 MHz
	TDD

	n66
	1710 MHz – 1780 MHz
	2110 MHz – 2200 MHz
	FDD

	n80
	1710 MHz – 1785 MHz
	N/A
	SUL 

	n86
	1710 MHz – 1780 MHz
	N/A
	SUL

	n90
	2496 MHz – 2690 MHz
	2496 MHz – 2690 MHz
	TDD5

	NOTE 5:	Unless otherwise stated, the applicability of requirements for Band n90 is in accordance with that for Band n41; a UE supporting Band n90 shall meet the requirements for Band n41. A UE supporting Band n90 shall also support band n41.
NOTE 10:	When this band is used for V2X SL service, the band is exclusively used for NR V2X in particular regions.




In similar approach the affected LTE bands from 36.101 is listed below. 
36.101 - Table 5.5-1 E-UTRA operating bands
	E‑UTRA Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low  –  FDL_high
	

	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	4
	1710 MHz
	–
	1755 MHz 
	2110 MHz
	–
	2155 MHz
	FDD

	7
	2500 MHz
	–
	2570 MHz
	2620 MHz
	–
	2690 MHz
	FDD

	9
	1749.9 MHz
	–
	1784.9 MHz
	1844.9 MHz
	–
	1879.9 MHz
	FDD

	10
	1710 MHz
	–
	1770 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	38
	2570 MHz
	–
	2620 MHz
	2570 MHz
	–
	2620 MHz
	TDD

	41
	2496 MHz
	
	2690 MHz
	2496 MHz
	
	2690 MHz
	TDD

	66
	1710 MHz
	–
	1780 MHz 
	2110 MHz
	–
	2200 MHz
	FDD4

	69
	N/A
	2570 MHz  
	–
	2620 MHz
	FDD2

	NOTE 2:	Restricted to E-UTRA operation when carrier aggregation is configured. The downlink operating band is paired with the uplink operating band (external) of the carrier aggregation configuration that is supporting the configured Pcell.
NOTE 4:	The range 2180-2200 MHz of the DL operating band  is restricted to E-UTRA operation when carrier aggregation is configured.
NOTE 5:	A UE that supports E-UTRA Band 66 shall receive in the entire DL operating band
NOTE 6:	A UE that supports E-UTRA Band 66 and CA operation in any CA band shall also comply with the minimum requirements specified for the DL CA configurations CA_66B, CA_66C and CA_66A-66A.
NOTE 7:	A UE that complies with the E-UTRA Band 66 minimum requirements in this specification shall also comply with the E-UTRA Band 4 minimum requirements.





According to the ECC decision:
	There is a need for OOBE limits for aerial UE operating in the following frequency bands:
1710-1785 MHz: Protection of MetSat operating in the 1675-1710 MHz frequency band
Out-of-band limit: -40 dBm/MHz in the frequency range 1675-1710 MHz for aerial UE operating in 1710-1785 MHz. 
2500-2570 MHz / 2570-2620 MHz: Protection of RAS operating in 2690 – 2700 MHz and radars operating in 2700-2900 MHz
Out-of-band limit: -50 dBm/MHz in the frequency range 2690-2900 MHz for aerial UE operating in 2500-2570 MHz or 2570-2620 MHz.
In other frequency bands, OOBE limits applicable to terrestrial UE remain unchanged for aerial UE.




Clearly, because of the limited separation, the operation close to the frequency range 1675-1710 MHz is the most difficult to be achieved.
[bookmark: _Toc131893569]For bands n3, n66, n80, n86, 3,4, 9, 10, 66, it is not practically feasible to comply with the -40 dBm/Hz requirement in the in the frequency range 1675-1710 MHz.
Therefore, RAN4 has to discuss and figure out the best way to address the OOBE for these bands aiming to comply with the operation requirements requested by ECC. Among the possible way-forwards, RAN4 shall discuss:
[bookmark: _Toc131893570]To deal with the OOBE requirements in the bands n3, n66, n80, n86, 3, 4, 9, 10 and 66, consider the following options:
a. [bookmark: _Toc131893571]Limit the operation of aerial UEs just to the upper part of these bands excluding [X] MHz of the UL operation in these bands.
b. [bookmark: _Toc131893572]Apply geographical exclusion zones for these bands for aerial UEs

It is important to highlight that band n38 can also be used for SL purposes. RAN4 shall consider the impact of the OOBE also for SL operation:

[bookmark: _Toc131893573]For band n38, consider the impacts of the new requirements for aerial UEs regarding OOBE also for SL operations. 

Arial UE Type(s)

This section aims at addressing the requests in b) and c) from the LS sent by ECC, as presented in the introduction of the present document: 
b) a mechanism/feature coherent with the above aerial UE definition in order to differentiate aerial UE, as defined by ECC Decision 22(07) from terrestrial UE operating under LTE/NR 5G networks 
c) differentiation of aerial UE from other terrestrial UE shall not be changed by the end-user 
According to LS sent by ECC [2]: 
“According to this ECC Decision, an aerial UE refers to a UE supporting UAS features and services and requiring an aerial subscription. An aerial UE is installed either on-board an Unmanned Aircraft (e.g. drones) or on-board manned aircraft (e.g. helicopter). It identifies itself to the mobile network as being in this class.”
Therefore, ECC operational conditions states that a aerial UE refers to a UE that:
· UE supports UAS features
· Requires an aerial subscription
It is important that the relationship between b) and c) above are taken into account together. If the UE type is intrinsically associated with the subscription type, the end-user might change the UE from “aerial” to “terrestrial” by changing the subscription type. The problem gets even more complicated in the case the UE has multiple subscriptions (for example, by using multiple SIMs), as it would cause the UE to behave as aerial UE in some subscription and as terrestrial UE in other subscriptions, potentially circumventing the OOBE additional requirements while operating as a aerial device. This is not the intent from the ECC LS.
[bookmark: _Toc131893574]Defining an “aerial UE” based on the subscription type does not fulfil the purposes of ECC for harmonized deployment of aerial devices spectrum-wise.
An additional problem, is that the UE does not know the content and type of its subscription, until the UE has been capable of register and access services at the network side and performed authorization and authentication. Only after the UE has registered for the support:
[bookmark: _Toc131893575]Currently, the UE is not aware if the UE has a valid aerial subscription type before trying to access network services. The UE will only be capable to know that the subscription is a valid aerial subscription, after the authorization and authentication procedure has been completed with the NW during the registration or during the establishment of a new PDU/PDN session.

[bookmark: _Toc131893576]Defining an “aerial UE” based on the subscription type is over-complicating the issue, as the PHY constraints of the UE for OOBE would depend on the signalling from higher layers.  

In LTE, a UE can only support an aerial subscription, if it supports the aerial features associated with it, as shown in TS 36.306:
	[bookmark: _Toc29241335][bookmark: _Toc37152804][bookmark: _Toc37236730][bookmark: _Toc46493873][bookmark: _Toc52534767][bookmark: _Toc124444551]4.3.6.34	multipleCellsMeasExtension-r15
This field defines whether the UE supports measurement reporting triggered based on a number of cells.It is mandatory to support this feature for UEs which have Aerial UE subscription as defined in TS 23.401 [18].
[bookmark: _Toc29241336][bookmark: _Toc37152805][bookmark: _Toc37236731][bookmark: _Toc46493874][bookmark: _Toc52534768][bookmark: _Toc124444552]4.3.6.35	heightMeas-r15
This field defines whether the UE supports height-based measurement reporting as specified in TS 36.331 [5]. It is mandatory to support this feature for UEs which have Aerial UE subscription as defined in TS 23.401 [18].




The specifications for NR in RAN2 were not captured yet for UAVs, as the WI is still ongoing, but the expectations are that a similar definition will be used there. 
[bookmark: _Toc131893577]In order to harmonize the specifications with the ECC decision, from RAN4 point of view, an aerial UE is defined as a UE that supports UAV subscriptions. If the UE reports support for any of the mandatory UAV capabilities, the UE has to comply with the additional requirements for OOBE. 

Aerial UEs power class
The revised WID indicated that considering different UE power classes for Aerial UE operation may be needed[1]:
“Note2: Applicability of power classes for aerial UE may need to be addressed in RAN4”	
The current WI has scope delimited to RF1 application. In RF1, UE power classes are defined per band. It does not seem currently necessary to introduce a new power class for aerial UE types, as long as the UEs belonging to any other of the power classes listed is capable of complying with the additional requirements for OOBE when identified as an aerial UE. 
[bookmark: _Toc131893578]RAN4 to discuss whether to define UAV-specific power classes
c. [bookmark: _Toc131893579]Option 1: Do not introduce new power classes, aerial UEs reuse the same power classes already defined in specification, with additional requirements for OOBE.
d. [bookmark: _Toc131893580]Option 2: Introduce new UAV-specific UE power classes. 


[bookmark: _Toc116995848]Conclusion
In this contribution we present further considerations for support of UAVs by the RAN4 specification. In special discussing the aspects related to the aerial UE types. 
Observation 1: For bands n3, n66, n80, n86, 3,4, 9, 10, 66, it is not practically feasible to comply with the -40 dBm/Hz requirement in the in the frequency range 1675-1710 MHz.
Proposal 1: To deal with the OOBE requirements in the bands n3, n66, n80, n86, 3, 4, 9, 10 and 66, consider the following options:
a.	Limit the operation of aerial UEs just to the upper part of these bands excluding [X] MHz of the UL operation in these bands.
b.	Apply geographical exclusion zones for these bands for aerial UEs
Proposal 2: For band n38, consider the impacts of the new requirements for aerial UEs regarding OOBE also for SL operations.
Observation 2: Defining an “aerial UE” based on the subscription type does not fulfil the purposes of ECC for harmonized deployment of aerial devices spectrum-wise.
Observation 3: Currently, the UE is not aware if the UE has a valid aerial subscription type before trying to access network services. The UE will only be capable to know that the subscription is a valid aerial subscription, after the authorization and authentication procedure has been completed with the NW during the registration or during the establishment of a new PDU/PDN session.
Observation 4: Defining an “aerial UE” based on the subscription type is over-complicating the issue, as the PHY constraints of the UE for OOBE would depend on the signalling from higher layers.
Proposal 3: In order to harmonize the specifications with the ECC decision, from RAN4 point of view, an aerial UE is defined as a UE that supports UAV subscriptions. If the UE reports support for any of the mandatory UAV capabilities, the UE has to comply with the additional requirements for OOBE.
Proposal 4: RAN4 to discuss whether to define UAV-specific power classes
a.	Option 1: Do not introduce new power classes, aerial UEs reuse the same power classes already defined in specification, with additional requirements for OOBE.
b.	Option 2: Introduce new UAV-specific UE power classes.
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