[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Hlk145678938][bookmark: _Ref452454252]3GPP TSG-RAN WG4 Meeting #109	R4-2320029
Chicago, USA, November 13 – November 17, 2023

Source:	Nokia, Nokia Shanghai Bell
Title:	On power back off for aerial LTE UEs
Agenda item:	9.7.2
Document for:	Discussion and Approval

[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][bookmark: _Hlk145679041]Discussion
Background
During RAN99, an objective with RAN4 impact was added to the UAV WID [1]. RAN4 is requested to specify necessary UE types for additional Out Of Band Emissions (OOBE) requirements for aerial 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) [bookmark: _Hlk134775386]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 objective added to the WID for addressing the LS from ECC clearly states that it is necessary “study and specify the necessary UE types and additional OOBE requirements for aerial UEs…”
The LS sent by ECC presents a list of requests to 3GPP, as previously mentioned in the discussion. The requests identified by b) and c) concern the discussion of the aerial UE types and the applicability of the respective further restrictions on emissions:  
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. 
In this document we will address the OOBE requirements and the resulting A-MPR. At RAN4#108bis a draftCR [4] were endorsed including a A-MPR proposal. This contribution presents a review of the proposal and suggest needed modifications.
A-MPR Study and Proposals for B3
A-MPR Simulation Results
As presented [7] and discussed during previous meetings, the needed A-MPR due to the ECC mask in the 1675-1710 MHz range is very large when the channel is placed at the lower edge of the band. In Figure 1we present examples.
[image: ][image: ]
[bookmark: _Hlk134899668]Figure 1: Examples of the A-MPR when the channel is placed at the lower edge of the band B3.  
[bookmark: _Toc149826542]Very large values of A-MPR, even above 15 dB, are required if the channel is placed at the lower edge of the band n3.
It can be noted that there are some minor differences here as compared the NR study for band n3. The differences to n3 are likely due to the use of baseband filtering in LTE instead of WOLA in NR.
The very large A-MPR needed, is a result of the additional requirement from ECC just below band B3. As a result, placing the aerial UE channel with an offset to the B3 lower band edge have been investigated. 
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Figure 2: Examples of the A-MPR when the channel is placed with offset from the lower edge of the band B3 respectively for the 5 MHz and 20 MHz channel bandwidth. 
The additional A-MPR simulations concludes that if the channel is placed either at the upper edge of the band or with an offset to the lower edge it is possible to avoid A-MPR completely for some channel placements.
[bookmark: _Toc149826543]A-MPR can be avoided for some channel placements of specific channel bandwidths.
A-MPR proposal verification
Based on the A-MPR study results, a A-MPR proposal was endorsed proposal in [4] at RAN4#108bis. However, it was due to the complexity of the proposal requested that companies verified the proposal before final agreement to this. The process of this verification has identified a few issues as presented in the following. 
Relating to Figure 1, Figure 4 show how the proposal in [4] covers the needed A-MPR. All of the plots of the A-MPR proposal have been included in Annex A for reference.
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Figure 4: A-MPR proposal when the channel is placed at the lower edge of the band B3.  

Comparing these results in the delta plot as shown in Figure 5.
[image: A graph with numbers and a line
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Figure 5: Delta between proposal and simulation results for n3 placed at the lower edge of the band. 
Enough A-MPR have been included in the proposal.  
As seen from Figure 5 there is sufficient and even in some cases excessive A-MPR available for the UE.
[bookmark: _Toc149825457][bookmark: _Toc149826544]In multiple cases there are excessive A-MPR available for the UE.
When checking the A-MPR proposal no issues were found. All the comparison plots are included in Annex B for reference.
[bookmark: _Toc149826545]The A-MPR proposal for LTE covers all cases based on the comparison.
Even the A-MPR proposal is sufficient there have been identified other corrections to the endorsed draftCR [7]. One is related to the 3MHz A-MPR where a “<” needs to be corrected to a “≤” to also cover the 15RBG case. This have been included to the accompanying draftCR in [9].
[bookmark: _Toc142590928][bookmark: _Toc149825459][bookmark: _Toc149826546]RAN4 shall consider the correction as presented in the accompanying draftCR [9].

[bookmark: _Toc116995848]Conclusion
In the paper, the following Observations and Proposals were made:
Observation 1: Very large values of A-MPR, even above 15 dB, are required if the channel is placed at the lower edge of the band n3.
Observation 2: A-MPR can be avoided for some channel placements of specific channel bandwidths.
Observation 3: In multiple cases there are excessive A-MPR available for the UE.
Observation 4: The A-MPR proposal for LTE covers all cases based on the comparison.
Proposal 1: RAN4 shall consider the correction as presented in the accompanying draftCR [9].
[bookmark: _Toc116995849]
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