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Background
RAN#99 approved a (revised) WI for NR UAV [1]. One of the objectives is the following:
	[bookmark: _Hlk130373392]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
Note3: RAN4 to identify the supported bands for aerial UE impacted by above information


 
RAN#99 also approved a parallel WI for LTE UAV [2], where one of the objectives is the following, which is basically similar to that of NR:
	2. 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 
Note3: RAN4 to identify the supported bands for aerial UE impacted by above information



RAN4 discussed about the above objectives and sent an LS to RAN2 in [3]. In the following, we address the questions from RAN4.

Question 1: How to capture OOB in RAN2 specs
RAN4 included the following in their LS:
	In the scope of the UAV UEs WI, RAN4 discussed how to handle the additional regulatory out-of-band emissions (OOBE) requirements specified by CEPT in ECC Decision(22)07 for both LTE and NR deployments. 
To handle such new requirements specific to a certain Region/country, RAN4 usually introduce new NS and specify required A-MPR values to respect those requirements. While this could be easily done when specifying a new band, it might be more problematic to introduce new NS while the band is already specified, especially for LTE bands. 
RAN4 identified two different alternatives that would be applicable to both NR and LTE, without identified impact for legacy users. 
· Option1: Introduce new NS indexes (related to the IE additionalSpectrumEmission) that will be applicable only for aerial UEs.  The multiNS support feature already designed by RAN2 might be used to provide further NS signaling for the aerial UEs. However, RAN4 noticed this multiNS feature is mandatory for NR UEs but optional for LTE UEs.
· [bookmark: _Hlk146786485]Option2: Specify a new Information Element. This new IE should contain the list of NS values applicable for UAV UEs only for the considered bands. When attaching to the cell, the UAV shall then support both the list of legacy NS values (from “NR-NS-PmaxList” in SIB4), and the list of “UAV specific” NS values (from the new IE element). 
RAN4 kindly asks RAN2 to evaluate the feasibility of both options, checking there won’t be any non-backward compatibility issue with legacy LTE and NR UEs, and consider the implementation of the best option after informing RAN4 of RAN2’s choice. 



From the above, we understand that RAN4 can introduce new NS and specify required A-MPR values to respect the requirements, but RAN4 worries how those would be captured by RAN2 in the procedural text. 
[bookmark: _Toc146787380][bookmark: _Toc146789724][bookmark: _Toc146789733][bookmark: _Toc146792551][bookmark: _Toc146792977][bookmark: _Toc146802849][bookmark: _Toc146819605][bookmark: _Toc146749407][bookmark: _Toc146749479]RAN4 can introduce new NS and specify required A-MPR values to respect the requirements but seems to be worried how those would be captured by RAN2 in the procedural text.
In that respect, RAN4 identified two possible ways to capture the OOB requirements in the RAN2 specifications. RAN2 should discuss and decide on the options, considering the scenarios and caveats. 
[bookmark: _Toc146787381][bookmark: _Toc146789725][bookmark: _Toc146789734][bookmark: _Toc146792552][bookmark: _Toc146792978][bookmark: _Toc146802850][bookmark: _Toc146819606]RAN4 identified two ways to capture the OOB requirements in RAN2 specifications. RAN2 should discuss on the options and decide, considering the scenarios and caveats.
Now, let’s take a closer look at the two options.
OPTION 1: This option relies on the multiNS feature (nr-NS-PmaxList in NR and NS-PmaxList in LTE). As already mentioned in the RAN4 LS, the feature is optional for LTE UE (indicated by UE capability multiNS-Pmax).
Additionally, the procedural text for this feature relies on the following principles (as agreed by RAN2 #90, #91 and #91bis while developing the feature):
· An eNB should always provide a legacy NS value (known and defined when the band was introduced) in the legacy field. NS values introduced later should be indicated only in the to-be-defined NS value list.
· The eNB may indicate the NS values supported in a cell in decreasing priority order.
· With each NS value the eNB may provide a P-Max value to be used with that NS value.
· The UE shall pick the highest NS value that is supports from that list.

This is reflected in the procedural text, e.g., as follows from TS 36.331:
	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;



Now, consider the scenario where the eNB/gNB needs to provide different NS values for the same band – a value for the UEs on the ground, and another value for the UEs that are flying. This is anticipated in RAN4 LS as follows:
	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.



Based on the existing multiNS procedure, it is not possible to provide such two values for the same band for the same UE. That is because if the UE ‘supports’, then it must apply the first listed additionalSpectrumEmission which it supports among the values included in NS-PmaxList and cannot choose the value based on the fact whether it is on the ground or flying.
[bookmark: _Toc146787382][bookmark: _Toc146789726][bookmark: _Toc146789735][bookmark: _Toc146792553][bookmark: _Toc146792979][bookmark: _Toc146802851][bookmark: _Toc146819607]Regarding option 1: MultiNS feature is optional for LTE UEs. 
[bookmark: _Toc146787383][bookmark: _Toc146789727][bookmark: _Toc146789736][bookmark: _Toc146792554][bookmark: _Toc146792980][bookmark: _Toc146802852][bookmark: _Toc146819608]With option 1, it is not possible to provide two NS values for the same band to be used while on the ground vs while they are flying.
[bookmark: _Toc146787384][bookmark: _Toc146789728][bookmark: _Toc146789737][bookmark: _Toc146792555][bookmark: _Toc146792981][bookmark: _Toc146802853][bookmark: _Toc146819609]With option 1, if the UE ‘supports’, then it must apply the value that is listed first in the list and cannot choose the value based on the fact whether it is on the ground or whether it is flying.
OPTION 2: In this option, UAV-specific parameters are broadcasted using new fields/IEs by the cell. The UAV UE also supports the legacy emission parameters (or list) based on existing requirements for the frequency band. 
Option 2 can also enable the following statement from RAN4 “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”. I.e., for the frequency band selected by the UAV UE, it can apply the legacy NS value when it is on the ground and, if it is capable of supporting UAV specific list, apply the UAV specific NS value when it is flying.
[bookmark: _Toc146787385][bookmark: _Toc146789729][bookmark: _Toc146789738][bookmark: _Toc146792556][bookmark: _Toc146792982][bookmark: _Toc146802854][bookmark: _Toc146819610]With option 2, only Rel-18 UAV UEs need to additionally support UAV specific NS-PmaxList.
[bookmark: _Toc146787386][bookmark: _Toc146789730][bookmark: _Toc146789739][bookmark: _Toc146792557][bookmark: _Toc146792983][bookmark: _Toc146802855][bookmark: _Toc146819611]With option 2, for the frequency band selected by the UAV UE, it can apply the legacy NS value when it is on the ground and, if it is capable of supporting UAV specific list, apply the UAV specific NS/Pmax value when it is flying.

Therefore, based on above discussion and observations, we propose to go with Option 2 from RAN4 LS.
[bookmark: _Toc142556461][bookmark: _Toc142556737][bookmark: _Toc142570661][bookmark: _Toc142570947][bookmark: _Toc142593622][bookmark: _Toc142593936][bookmark: _Toc142594049][bookmark: _Toc142599155][bookmark: _Toc142599588][bookmark: _Toc142599670][bookmark: _Toc146749409][bookmark: _Toc146749481][bookmark: _Toc146787387][bookmark: _Toc146789742][bookmark: _Toc146792560][bookmark: _Toc146792986][bookmark: _Toc146802858][bookmark: _Toc146819614]For both LTE and NR: Introduce new list for UAV specific list of NS/Pmax values (i.e. according to Option 2 in RAN4 LS).
[bookmark: _Toc146787388][bookmark: _Toc146789744][bookmark: _Toc146792562][bookmark: _Toc146792987][bookmark: _Toc146802859][bookmark: _Toc146819615]For the frequency band selected by the UAV UE, it applies the legacy NS/Pmax value (according to existing procedure) when it is on the ground and, if capable of supporting UAV specific list, applies the UAV specific NS/Pmax value when it is flying.

Question 2: UE Capability
RAN4 LS also included the following:
	[bookmark: _Hlk143694536][bookmark: _Hlk146788983]As described above, in both Options the new NS indexes will be applicable only for aerial UEs, where 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”. While, in LTE such capabilities are already defined by RAN 2 (multipleCellsMeasExtension-r15  and heightMeas-r15), RAN4 would like to ask whether a capability can be introduced for NR to indicate the UE supports Uncrewed Aerial Systems.  
 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.



First of all, we would like to note that the UAV capability discussions should be done by RAN2 since, unlike other work items, RAN1 is not expected to discuss anything on UE capabilities. RAN1 didn’t have any agreements and doesn’t have any remaining TU for this WI. 
[bookmark: _Toc146789731][bookmark: _Toc146789740][bookmark: _Toc146792558][bookmark: _Toc146792984][bookmark: _Toc146802856][bookmark: _Toc146819612]UAV capability discussions should be done in RAN2 since, unlike other work items, RAN1 is not expected to discuss anything on UAV UE capabilities, as RAN1 doesn’t have any remaining TU for this WI. 
Let’s look at the RAN4 question#2:
	2- Indicate to RAN4 in whether a  RAN2 capability will indicate that the UE supports UAS (Uncrewed Aircraft Systems) in NR.



It should not only be feasible but also desirable and reasonable to introduce a UE capability indication for NR to indicate that the UE supports Rel-18 UAV enhancements. Then the individual capability for sub-features of UAV can be dependent on this main capability, or can be conditionally mandatory upon this main capability (to be discussed case by case).
[bookmark: _Toc146789745][bookmark: _Toc146792563][bookmark: _Toc146792988][bookmark: _Toc146802860][bookmark: _Toc146819616]Introduce a UE capability indication for NR to indicate that the UE supports Rel-18 UAV enhancements.

Now, let’s discuss about the capability indication to support the UAV-specific emission list discussed in previous section.
The OOB emissions requirements are generally governed by regional regulations. For example, the current RAN4 work is needed due to European requirements on some specific bands, while such requirements are not known to be present in other jurisdictions. Therefore, for the UAV UE, it should be optional to support the procedure of acquiring and applying the UAV-specific emission list. (Of course, that is not to say it should be optional for the UE to comply with the regional requirements.) UAV UEs need to implement the feature if they are to be used in the jurisdiction where such requirements exist, but should not be forced to implement the feature if they are only intended to operate outside of such regions.
[bookmark: _Toc146789732][bookmark: _Toc146789741][bookmark: _Toc146792559][bookmark: _Toc146792985][bookmark: _Toc146802857][bookmark: _Toc146819613]As the UAV-specific OOB requirements are region and band specific (but not universal), it should be optional for the UE to support the procedure of acquiring and applying the UAV-specific emission list.
[bookmark: _Toc146789746][bookmark: _Toc146792564][bookmark: _Toc146792989][bookmark: _Toc146802861][bookmark: _Toc146819617]For both LTE and NR: Introduce optional UE capability to indicate support of the mechanisms defined for cells broadcasting UAV specific emission list. 

Reply to RAN4
Based on the above discussion, we suggest replying to RAN4 LS with RAN2 agreements. A draft LS reply is provided in the Annex.
[bookmark: _Toc146792565][bookmark: _Toc146792990][bookmark: _Toc146802862][bookmark: _Toc146819618]Send LS reply to RAN4 with RAN2 agreements. (Draft is provided in the Annex)

Summary and Proposals

In this contribution, we made the following observations:
Observation 1.	RAN4 can introduce new NS and specify required A-MPR values to respect the requirements but seems to be worried how those would be captured by RAN2 in the procedural text.
Observation 2.	RAN4 identified two ways to capture the OOB requirements in RAN2 specifications. RAN2 should discuss on the options and decide, considering the scenarios and caveats.
Observation 3.	Regarding option 1: MultiNS feature is optional for LTE UEs.
Observation 4.	With option 1, it is not possible to provide two NS values for the same band to be used while on the ground vs while they are flying.
Observation 5.	With option 1, if the UE ‘supports’, then it must apply the value that is listed first in the list and cannot choose the value based on the fact whether it is on the ground or whether it is flying.
Observation 6.	With option 2, only Rel-18 UAV UEs need to additionally support UAV specific NS-PmaxList.
Observation 7.	With option 2, for the frequency band selected by the UAV UE, it can apply the legacy NS value when it is on the ground and, if it is capable of supporting UAV specific list, apply the UAV specific NS/Pmax value when it is flying.
Observation 8.	UAV capability discussions should be done in RAN2 since, unlike other work items, RAN1 is not expected to discuss anything on UAV UE capabilities, as RAN1 doesn’t have any remaining TU for this WI.
Observation 9.	As the UAV-specific OOB requirements are region and band specific (but not universal), it should be optional for the UE to support the procedure of acquiring and applying the UAV-specific emission list.

Based on the discussion and observations, we propose:
Proposal 1.	For both LTE and NR: Introduce new list for UAV specific list of NS/Pmax values (i.e. according to Option 2 in RAN4 LS).
Proposal 2.	For the frequency band selected by the UAV UE, it applies the legacy NS/Pmax value (according to existing procedure) when it is on the ground and, if capable of supporting UAV specific list, applies the UAV specific NS/Pmax value when it is flying.
Proposal 3.	Introduce a UE capability indication for NR to indicate that the UE supports Rel-18 UAV enhancements.
Proposal 4.	For both LTE and NR: Introduce optional UE capability to indicate support of the mechanisms defined for cells broadcasting UAV specific emission list.
Proposal 5.	Send LS reply to RAN4 with RAN2 agreements. (Draft is provided in the Annex)
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Attachments: 	-

1	Overall description
RAN2 thanks RAN4 for the LS on the handling of additional regulatory requirements for UAV UEs (R4-2314700).
RAN2 discussed the LS and the questions and agreed the following: <<to be updated>>
1. For both LTE and NR: Introduce new list for UAV specific list of NS/Pmax values (i.e. according to Option 2 in RAN4 LS).
2. For the frequency band selected by the UAV UE, it applies the legacy NS/Pmax value (according to existing procedure) when it is on the ground and, if capable of supporting UAV specific list, applies the UAV specific NS/Pmax value when it is flying.
3. Introduce a UE capability indication for NR to indicate that the UE supports Rel-18 UAV enhancements.
4. For both LTE and NR: Introduce optional UE capability to indicate support of the mechanisms defined for cells broadcasting UAV specific emission list.
RAN2 would like to request RAN4 to take the above information into account for their further work and provide feedback, if any.

2	Actions
To RAN WG4
ACTIONS: 
RAN2 would like to request RAN4 to take the above information into account for their further work and provide feedback, if any.

3	Dates of next TSG RAN WG2 meetings
TSG-RAN2 Meeting #124	November 13-17, 2023	Chicago, USA
TSG-RAN2 Meeting #125	February 26 - March 1, 2024	Athens, Greece


