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1	Introduction
One of the objectives defined in [1] for Aerial UEs is formulated as follows:
	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.



The topic has been discussed in RAN4 at their RAN4#108 (August 2023) and the LS to RAN2 has been sent in [2]. The actions to RAN2 listed in [2] are defined in the following way:
	RAN4 kindly asks RAN2 to:
1- Evaluate the feasibility of the above two options, checking there won’t be any non-backward compatibility issue with legacy LTE and NR UEs, and that an aerial UE always apply the aerial NS when configured together with other non-aerial NS, and consider the implementation of the best option after informing RAN4 of RAN2’s choice.
2- Indicate to RAN4 in whether a  RAN2 capability will indicate that the UE supports UAS (Uncrewed Aircraft Systems) in NR.



In this paper we present RAN2 view regarding the two options mentioned in [2]. 
2	Discussion
In the LS sent by RAN4 to RAN2 [2], there were two requests made by RAN4, as indicated in the introduction of this paper. The first request is related to the signalling procedure for providing aerial UEs with an aerial-specific NS values. The second is related to the indication of capability to support aerial features.  In this section we address these two questions separately as we discuss appropriate RAN2 actions and response to RAN4, considering the background behind the RAN4 request. 
2.1	Aerial-Specific NS signalling
As indicated by the RAN4 LS, RAN4 has to address the concerns raised by ECC for additional spectrum emissions caused by Aerial UEs. This has to be done irrespectively of the requirements applicable to terrestrial UEs. These additional requirements are not expected to be fulfilled by terrestrial UEs, as this could force terrestrial UEs to limit their transmission power unnecessarily and could potentially cause problems of backwards compatibility. 
To achieve this objective RAN4 has decided to introduce NS values that are applicable only for aerial UEs. 
	Agreement (RAN4 #108): 
-	RAN4 agrees that NSs specific for Uncrewed Aerial UE shall be defined for band(s) where needed.
	- 	RAN4 currently have identified a need to define NSs for band B3, n3, B38 and n38. 




The RAN4 intention of this agreement is that in RAN4 specification (TS 38.101-1) some NS values will be described as “only applicable for aerial UEs” and should be ignored by other UEs. 
 RAN4 has decided that some NS values will only be applicable for aerial UEs.
 
 This decision applies for both LTE and NR.  
This decision has sparked the concern of backwards compatibility: how non-aerial UEs would behave on the presence of an aerial-specific NS (i.e. an “unrecognizable NS”). Two potential solutions to address this concern were identified:
· Utilize Multi-NS support to broadcast both non-aerial and aerial values together
· Utilize a new IE to be read exclusively by aerial UEs (e.g. additionalSpectrumEmission-uav-r18).
Option 1: Multi-NS support to broadcast both terrestrial and aerial values together
The utilization of multi-NS spectrum can easily address the question of backwards compatibility with non-aerial UEs for both LTE and NR. This is already possible to achieve in TS 38.331 or TS 36.331, only requiring the aerial UEs to be capable of recognizing the new NS values:
	TS 38.331, Clause 5.2.2.4.2 Actions upon reception of SIB1 (NR)

Upon receiving the SIB1 the UE shall:
         (…) 
1>	else:
2>	if the UE supports one or more of the frequency bands indicated in the frequencyBandList for downlink for TDD, or one or more of the frequency bands indicated in the frequencyBandList for uplink for FDD, and they are not downlink only bands, and
2>	if the UE is IAB-MT or supports at least one additionalSpectrumEmission in the NR-NS-PmaxList for a supported band in the downlink for TDD, or a supported band in uplink for FDD, and
(…)
4>	select the first frequency band in the frequencyBandList, for FDD from frequencyBandList for uplink, or for TDD from frequencyBandList for downlink, which the UE supports and for which the UE supports at least one of the additionalSpectrumEmission values in nr-NS-PmaxList, if present;
(…)
4>	apply the first listed additionalSpectrumEmission which it supports among the values included in NR-NS-PmaxList within frequencyBandList in uplinkConfigCommon for FDD or in downlinkConfigCommon for TDD;



	TS 36.331, Clause 5.2.2.7 Actions upon reception of the SystemInformationBlockType1 message (LTE)

Upon receiving the SystemInformationBlockType1 or SystemInformationBlockType1-BR either via broadcast or via dedicated signalling, the UE shall:
(…)
1>	else:
2>	if the frequency band indicated in the freqBandIndicator is part of the frequency bands supported by the UE and it is not a downlink only band; or
2>	if the UE supports multiBandInfoList, and if one or more of the frequency bands indicated in the multiBandInfoList are part of the frequency bands supported by the UE and they are not downlink only bands:
(…)
3>	if, for the frequency band selected by the UE (from freqBandIndicator or multiBandInfoList), the freqBandInfo or the multiBandInfoList-v10j0 is present and the UE capable of multiNS-Pmax supports at least one additionalSpectrumEmission in the NS-PmaxList within the freqBandInfo or multiBandInfoList-v10j0:
4>	apply the first listed additionalSpectrumEmission which it supports among the values included in NS-PmaxList within freqBandInfo or multiBandInfolist-v10j0;
4>	if the additionalPmax is present in the same entry of the selected additionalSpectrumEmission within NS-PmaxList:
5>	apply the additionalPmax;
4>	else:
5>	apply the p-Max;
3>	else:
4>	apply the additionalSpectrumEmission in SystemInformationBlockType2 and the p-Max;


[bookmark: _Toc142673636]
As long as at least one of entry in the “additionalSpectrumEmission” list is recognizable by the UE, the UE will apply the first value in the list, which is supported by the UE. Therefore, the presence of NS values that are only recognizable by aerial UEs, do not jeopardize the behavior of legacy UEs, as long as at least one NS value known by these legacy UEs is also included in the list (or for LTE, also in SIB2).  For LTE, however, it is necessary to guarantee that a Rel-18 UE which is capable of using aerial features, is also capable to use the multiNS-PmaxList.
Adopting the multi-NS solution does not require RAN2 modifications on the overall signalling procedure.

Support for multi-NS feature is native to NR, but in LTE it was introduced in Release 10 so the UE needs to also support the multiNS-Pmax. 

The conclusion is that, if the multi-NS solution is adopted, no modification is needed to support it in RAN2 signalling specifications. The only additional requirement would be that a UE that supports aerial features shall support the multiNS-Pmax-r10.

[bookmark: _Toc142673637]For backward compatibility, if Option 1 is chosen, UEs capable of aerial features in LTE must be capable of multiNS-Pmax-r10.
Option 2: Add a new information element in SIB
Option 2 is also considered to be feasible by RAN4. It would create a new IE whose applicability would be restricted to aerial UEs and would be ignored by the other, non-aerial UEs. However, it presents some drawbacks that do not exist for Option 1. 
First of all, it would not be easy to converge in RAN2 where to include the new IE. SIB1 and SIB2 are already very congested, considering that there is a limit in size for the SIB. Creating a new information element would spend unnecessary bits to signal an NS value that could have been signalled in an already existing and broadcasted IE. Moreover, even for gNBs that do not support aerial UEs, some bit-space in SIB will be reserved to skip the optional field. 
The new IE for existing functionality would cost unnecessary SIB space in SI blocks that are already heavily loaded.
Moreover, this would create higher maintenance effort, as the signalling and procedural specifications would need to be updated/written from scratch to indicate the presence of the new IE. This would impact both RAN2 and RAN4. An example of this is provided below (note that there might be alternative means to implement this change, this is just an example to demonstrate the maintenance effort):
	Potential example of maintenance effort that will be needed in RAN2 and RAN4 specifications:
· TS 38.133:
Current sentence: “if the UE is IAB-MT or supports at least one additionalSpectrumEmission in the NR-NS-PmaxList for a supported band in the downlink for TDD, or a supported band in uplink for FDD, and” 
Potential new sentence: ““if the UE is IAB-MT or supports at least one additionalSpectrumEmission OR additionalSpectrumEmission-UAV in the NR-NS-PmaxList for a supported band in the downlink for TDD, or a supported band in uplink for FDD, and”



Such modifications would be required across RAN2 and RAN4 specifications for both NR and LTE.
The specification effort for including a new IE is much higher, with more maintenance required and being more error-prone.
And as a final note, if a new IE is added, we have to ensure that terrestrial UEs are not required to read it, while aerial UEs are mandated to support the new field, That would require that the capability to supporting such feature is also added similarly to the requirement to support multiNS-Pmax-r10 for LTE. 
Comparison between Option 1 and Option 2:
Both options are capable of addressing the concerns of backwards compatibility with non-aerial UEs but Option 2 in our view presents more drawbacks as indicated in the Table 1, below:
Table 1. Comparison on the specification effort between signalling Options
	
	Multi-NS (option 1)
	New Information Element (option 2)

	· Pros
	· No additional specification effort for signalling (the procedure is available)

	

	· Cons
	· Would require the support of multiNS-Pmax-r10 for LTE UEs
	· Requires discussion on where to add the new IE
· Adds more load to congested SIBs
· Maintenance effort is higher and more prone to errors
· Would require description of the support of the new IE for aerial UEs, for both NR and LTE



Based on the table above, we propose:
For the NS signalling, RAN2 reuses the multiNS signalling framework (Option 1). Indicate the choice in the LS reply to RAN4. 
Selection of NS value from the list:
Regardless of the choice adopted by RAN2, the LS also contains an additional important piece of information that requires the amendment of RAN2 description of NS:
	From [2]:
RAN4 has also identified that when a list of legacy and aerial NS is provided, an aerial NS shall be the one applied by an aerial UE.



In this paper, we analyzed the description of the UE behavior when receiving SIB1. It is very clear that so far, the NS value that is applied is “the first among the signalled values that it is supported by the UE”.  This is not compatible with RAN4 expectations, so we propose the following:
 Clarify in procedural text that the acquisition of additionalSpectrumEmission, by an aerial NS shall lead to selecting the aerial NS value if the UE is an aerial UE. 
2.2	Capability to support aerial features
The LS also describes the applicability of the additional spectrum emissions according to the UE type: 
“…from RAN4 point of view, the aerial UE is defined as “A UE supporting the mandatory aerial capabilities defined by RAN2 AND that has an aerial subscription as described in TS 25.401…”
This definition is in line with the ECC request to ETSI  [4] The abovementioned “aerial UE definition” corresponds to the description provided by ECC in their LS [2] (highlights are our own): 
	“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 state that an aerial UE refers to a UE that:
· Supports UAS features
· Requires an aerial subscription type
· Identifies itself to the network as being in this class
The signalling of a UAV capability is then necessary to separate the UEs that can support an aerial subscription, as they need to “identify themselves to the mobile network”.  The LS mentions that there are in Rel-15, two LTE features that are mandatory to be supported when the UE has an aerial subscription type (multipleCellsMeasExtension-r15 and heightMeas-r15). If no new capability is introduced for Rel-18 and RAN2 does not provide a clear feedback post-RAN2#123bis, RAN4 may use the presence of both  of these fields as a proxy for the UE to be supportive of aerial features (and therefore, aerial values of the NS in Rel-18). 
For NR, the discussion of capabilities is still ongoing, but if we follow the same principle above, a new capability is also required in this case:
For NR, create a new capability to be signaled, indicating support to aerial features. A UE that supports this capability shall support aerial specific NS values in TS 38.101-1.
Proposal 4: RAN2 to discuss whether other mandatory capabilities for aerial UEs can be implicitly signalled by the presence of one capability for the support of aerial features. 
UE capabilities for UAVs are also discussed in our dedicated paper [5]. 
3	Conclusion
This document has made the following observations and proposals:
Observation 1:  RAN4 has decided that some NS values will only be applicable for aerial UEs.
Observation 2:  This decision applies for both LTE and NR.  
Observation 3: Adopting the multi-NS solution does not require RAN2 modifications on the overall signalling procedure.
Observation 4: Support for multi-NS feature is native to NR, but in LTE it was introduced in Release 10 so the UE needs to also support the multiNS-Pmax.
Observation 5: For backward compatibility, if Option 1 is chosen, UEs capable of aerial features in LTE must be capable of multiNS-Pmax-r10.
Observation 6: The new IE for existing functionality would cost unnecessary SIB space in SI blocks that are already heavily loaded.
Observation 7: The specification effort for including a new IE is much higher, with more maintenance required and being more error-prone.
Proposal 1: For the NS signalling, RAN2 reuses the multiNS signalling framework (Option 1). Indicate the choice in the LS reply to RAN4.
Proposal 2:  Clarify in procedural text that the acquisition of additionalSpectrumEmission, by an aerial NS shall lead to selecting the aerial NS value if the UE is an aerial UE.
Proposal 3: For NR, create a new capability to be signalled, indicating support to aerial features. A UE that supports this capability shall support aerial specific NS values in TS 38.101-1.
Proposal 4: RAN2 to discuss whether other mandatory capabilities for aerial UEs can be implicitly signalled by the presence of one capability for the support of aerial features.
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