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Introduction
In the last RAN plenary [1], for communication of aerial vehicles, A new study item was approved. 

	The objectives of the study are as follows:

· Investigate the ability for aerial vehicles for LTE to be served using LTE network deployments with Base Station antennas targeting terrestrial coverage, supporting Release 14 functionality (i.e. including active antennas and FD-MIMO), to:

· Verify the level of performance in terms of latency, reliability, delay jitter, coverage, data rate, and UE density, positioning accuracy, etc. 

· Identify the heights, speeds and densities of lower altitude of aerial vehicles that could be catered for, taking into account the regulation viewpoints [RAN1, RAN2]

· Channel models:  Select appropriate models applicable to Air-to-ground (ATG) channels. Reusing an existing channel model, if applicable, should be prioritized [RAN1] 
· In terms of LTE enhancements, the study should consider the following aspects:
· Interference mitigation solutions for improving system-level performance in both UL and DL [RAN1]

· Solutions to detect whether UL signal from an air-borne UE increases interference in multiple neighbour cells and whether an air-borne UE incurs interference from multiple cells [RAN1, RAN2]

· Identification of an air-borne UE that does not have proper certification for connecting to the cellular network while air-borne [RAN2]

· Handover: Identify if enhancements in terms of cell selection and handover efficiency as well as robustness in handover signalling can be achieved. [RAN2, RAN1]
· Positioning: If time allows as the 2nd priority, assess the achievable accuracy with existing positioning techniques and identify potential enhancements [RAN1]


In this document, we discuss how aerial vehicles can support seamless handling in the LTE network when handover failure.
Discussion
Aerial UE is sort of unmanned aerial vehicle (UAV) such as drone. The aerial UE can be applicable to the purpose of military, industry such as delivery service or personal hobby and so on. Following the use cases, seamless mobility service is a significant point to consider because the aerial UE could be fully controlled by users so that just a little of disconnection is able to lead to become a serious operation problem. In current LTE specification, RLF (Radio Link Failure) is a good way of data recovery to support seamless mobility for UEs. However the legacy RRC Connection Re-establishment should performed by not only handover failure but also declaration of RLF e.g., T310/T312 expiry or random access problem indication or by maximum number of RLC retransmissions, integrity check failure. The above cases i.e. abnormal cases have a weak point in terms of the latency and delay to recovery data even though the aerial UE is supposed to support RRC Connection Re-establishment.

Handover failure and radio link failure will additionally lead to latency of the aerial UE message delivery, because UE cannot transmit an aerial UE message in uplink during handover and RRC Connection Re-establishment and even after going to RRC_IDLE state. When UE generates the aerial UE message just before reception of handover command, it would fail to transmit the message at a source cell. Then, UE needs to delay transmission of the message until RRC Connection Re-establishment successfully completes at a cell or even until NAS recovers the connection (i.e. a new connection establishment for NAS recovery). Thus, actual latency of message delivery would involve the connection re-establishment latency and possibly new connection establishment for NAS recovery as shown in Figure 1 for failure case. 
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Figure 1: Latency of message delivery including HO failure and connection re-establishment
As a previous V2X WI research, we actually analysed how frequently handover failure occurs at the highway scenario in TR 38.913 [1] based on evaluation methodology in [2]. Our simulation results are shown in Table 1. We assume this scenario can be applicable to the aerial UE condition even though the aerial UE may lead higher HO failure rate than this result because this scenario didn’t consider the additional location parameters such as altitude for the specific aerial UE condition. However this result is enough to say that handover failure rate generally increases as UE speed increases. Thus, it is expected that aerial UEs moving in high speed would experience frequent handover failures.
Table 1: Handover failures for UEs in 140 km/h for highway scenario [1]

	
	Cell loading 25%
	Cell loading  50%
	Cell loading 100%

	HO Failure Rate (%)
	0.534998
	4.36872
	21.0526


In the legacy handover failure, it may take about a few hundred of millisecond(s) to initiate RRC Connection Re-establishment. After initiation of RRC Connection Re-establishment, the aerial UE resumes SRB only and it takes additional delay to resume the suspended DRB because the suspended DRBs are resumed when reception of the first RRC Connection Reconfiguration after completion of RRC Connection Re-establishment procedure. We say the problem of legacy procedure is that, from DRB suspension to DRB resume, the term could be quite long period because some RRC signal messages should be receive and send between cell and the aerial UE. The term causes a lot of user data latency and more possibility of data loss comparing with the procedure of handover or RRC Connection Suspend/Resume. 

Observation: Handover failures lead to data latency such as delayed data transmission. This will cause fatal driving error to aerial UE in the airspace. Thus, in terms of latency and data loss, mobility robustness may be needed to improve for aerial UEs, compared with the other legacy mobility/recovery procedures e.g. handover and re-establishment.
On the other hands, RRC Suspend/Resume procedure is introduced by EPS CIoT Optimization. Through this procedure, the UE is able to resume DRB when the UE resumes RRC Connection so that the suspended user data can be transmitted after RRC Connection establishment without additional RRC Connection Reconfiguration. A detailed example is described in Figure 2.
 In our view, this resume method is able to be applicable to RRC Connection Re-establishment for the aerial UE i.e., if the aerial UE re-establishes towards a cell which has the aerial UE context such as RRC Connection Resume procedure, the some delay from handover failure could be reduced by the enhanced RRC Connection R-establishment procedure.
Proposal: For aerial UE, RAN2 should consider enhancing RRC Connection Re-establishment procedure (e.g. similar to RRC Connection Resume procedure) to reduce interruption time caused by handover failure.
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Figure 2: An example of enhanced RRC Connection Re-establishment for Aerial UE
Conclusion

In conclusion, we propose the followings: 
Observation: Handover failures lead to data latency such as delayed data transmission. This will cause fatal driving error to aerial UE in the airspace. Thus, in terms of latency and data loss, mobility robustness may be needed to improve for aerial UEs, compared with the other legacy mobility/recovery procedures e.g. handover and re-establishment.
Proposal: For aerial UE, RAN2 should consider enhancing RRC Connection Re-establishment procedure (e.g. similar to RRC Connection Resume procedure) to reduce interruption time caused by handover failure.
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