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1 Introduction

As part of the WID on Aerials [1], it was pointed out that “The objective is to specify the following improvements for enhanced LTE support for aerial vehicles.  Note: Enhancements are built on existing mobility mechanisms and these mechanisms may be enhanced if identified to be needed”. From this perspective we considered the issue with connection re-establishment which may be considered one of the key functionalities in mobility management.   
2 Issues with connection re-establishment
Based on the result of the Study [2], For the UMa scenario “Majority of the companies observed higher HOF rate for aerial UE than that for terrestrial UE in most cases”. For the RMa scenario, 2 out of 3 sources also showed results whereby HOF rate was higher for aerial UEs than terrestrial UEs esp. at higher altitude and higher speed. It is also pointed out in [2] that a flying UE may have different handover characteristics, e.g., faraway handover target cell and several of the contributions have suggested the mobility enhancement for triggering measurement reports related to DL and UL interferences can be based on the number of neighbour cells the UAV observed at the UAV [3][4][5][6][7].  
When one combines the effect of large HOF and the likelihood for UAVs to consider faraway target cells for handover one potential problem that arises is the possibility of increased connection re-establishment failures which is also described in [8][9][10].  In case of HOF, the UE would perform connection re-establishment and as part of the re-establishment process the UE would perform cell selection.  Depending on the number and strengths of the neighbour cells, the existing cell selection procedure may not lead to successful connection re-establishment which will likely lead the UE to declare RLF, since the selected cell may not be a prepared cell, i.e., has valid UE context.   

Observation 1:
Due to the large number of visible cells, the UAV may select a cell that is unprepared during connection re-establishment.  

This issue with failures in connection re-establishment was previously addressed during the study item phase based on [8] and two observations were made during the discussion:

1. Solving interference issue can fix the problem.

2. If no X2 interface, S1 handover is assumed and there will be no problem.

With respect to the first point, we do agree that solving interference issues has potential for reducing HOFs, but there are certainly no expectations from the discussions thus far that HOFs can be eliminated.  It’s even questionable whether HOFs can realistically be reduced to the level experienced by terrestrial UEs. And even if the HOF rate is similar to that of terrestrial UEs, the UAVs will likely experience higher RLF due to the problem described in Observation 1.
Observation 2:
Solving interference issues may be able to mitigate HOFs but none of the mechanisms introduced so far is expected to reduce HOFs below those experienced by terrestrial UEs.  
With respect to the second point, if no X2 interface is available, S1 handover cannot be used if the target cell does not have the UE’s context during the connection re-establishment procedure and currently UE context fetch is not supported over the S1 interface despite much discussion in RAN3 [11] and the only UE context request agreeable was for the request from NG-RAN node in [12]. 
Observation 3:
 Currently S1 interface does not support UE context fetch.  
Without the support of UE context fetch over S1, the target cell will need to reject the connection re-establishment request and the UE will subsequently begin to perform NAS recovery.  As part of the NAS recovery procedure, the UE will transition to idle state which incurs additional delay versus the RLF handover procedure and, consequently, and incur a longer interruption of service. Additionally, data forwarding and in-order delivery cannot be performed; therefore, all of the data buffered in the source eNB will be lost.
Observation 4:
 NAS recovery may cause excessive delay and interruption of service.  

2.1 Potential solutions
In order to realize one of the main objectives of the work item which is to specify enhancements to support improved mobility performance and interference detection, the issue with increased connection re-establishment failure must also be addressed.  If UAVs experience excessive number of connection re-establishment failures, any improvements in mobility performance will be limited. The candidate solutions below should be carefully considered. 
a) The serving cell provides a list of neighbor cells with X2 interface connection with the serving cell. 

b) The serving cell provides a list of neighbor cells that are capable of receiving the UE’s context. 

c) The UAV may indicate in the re-establishment request with dual re-establishment cause. The first cause is the usual re-establishment request and a prepared target cell may accept the UAV’s re-establishment request (legacy). The second cause may be interpreted by the target cell as a new connection request. In case the target cell cannot fetch the UAV’s context (due to lack of X2 interface) the target cell does not need to reject the re-establishment request and simply regard this as a new connection request.
d) UE-assisted UE context transfer.  During the handover preparation, the serving cell may provide the UE context information to the UAV.  The UAV may indicate in the re-establishment request that it has the necessary UE context information. During re-establishment procedure, if the target cell cannot obtain the UE context from the source cell the target cell may request the UE context information from the UAV directly (after the target cell accepts the re-establishment request).
e) Reuse the RRC Connection Resume procedure to reduce interruption time caused by connection re-establishment failure [9]. 

f) In [15], it was proposed that location based measurement configuration and reporting could be introduced for UAV and a criteria for the UAV to perform and report measurements can be configured based on the distance between the UAV and the candidate cells.
Solution a) is a straightforward way to inform the UAV of the neighbour cells that is capable of fetching the UE context from the source cell (e.g., via the X2 interface).  The information may be provided to the UE via broadcast or dedicated signalling.  With this solution, the UE should not be required to select the highest ranked cell since the highest ranked cell may not be in this list of neighbour cells with the capability to fetch the UE’s context.  Instead the highest ranked cell among those on the list could be considered. 
Solution b) is similar to Solution a) but in addition to neighbour cells with X2 interfaces to the source cell, the source cell may have the option to transfer UE context to neighbour cells as part of the handover preparation phase, e.g., transfer UE context to neighbour cells based on the measurement reports from the UAV. The source cell may inform the UAV via dedicated signalling those additional cells that may also have UE’s context information.
Solution c) is a method for reducing the latency for re-establishment compared to the two-step legacy approach (re-establishment reject followed by a new connection request) and does not require network coordination.  If the target cell cannot retrieve the UE’s context from the source cell, all of the data buffered in the source eNB will still be lost, which is no different from the legacy case.   
With Solution d), the UAV is acting as the relay of its own context information with the target cell, but only when the UE context cannot be fetched from the source cell.  
With Solution e), the idea is for the target eNB to extract the Resume ID and ShortResumeMAC-I from the RRC Connection Resume Request. The target eNB contacts the source eNB based on the information in the Resume ID by sending a Retrieve UE Context Request message on X2 interface including the Resume ID, the ShortResumeMAC-I and Cell-ID of target cell, in order to retrieve the UE context including the AS security context. However, it’s not clear how this can be accomplished if the target eNB does not have an X2 interface with the source eNB.
Solution f), we believe the idea is that nearby neighbour cells will more likely have X2 interface with the source cell.  It isn’t clear whether network deployments with X2 interface is strictly distance based.  This could potentially exclude certain neighbour cells with X2 interface that may be farther away.

Among all the solutions above, we think Solution c) and Solution f) would have the least specification impact and the least impact to network coordination.  Solution f) would likely limit targets cells to those applicable to terrestrial UEs which could limit potential target cells far away from the UAV that may better candidates for serving UAVs (e.g., based on antenna configuration appropriate for UAVs).  Solutions a) or b) could also be considered if RAN2 considers the enhanced neighbour cell list (e.g., with X2 interface) and some modifications to the UAV’s reselection rule is reasonable for avoiding connection re-establishment failures.  Although solution e) is conceptually the most unconventional approach for UE context forwarding, we believe it can play a significant role in reducing network coordination beyond its use for handling re-establishment failures (e.g., coordination for avoiding UL interference).   
Proposal:
RAN2 should adopt one of the solutions above to handle connection re-establishment failures.
3 Conclusion
This contribution discusses issues concerning connection re-establishment failures due to the lack of X2 interface needed for UE context retrieval.  Several solutions were provided to handle the problem.  We have the following observations and proposal.
Observation 1:
Due to the large number of visible cells, the UAV may select a cell that is unprepared during connection re-establishment.  

Observation 2:
Solving interference issues may be able to mitigate HOFs but none of the mechanisms introduced so far is expected to reduce HOFs below those experienced by terrestrial UEs.  
Observation 3:
 Currently S1 interface does not support UE context fetch.  

Observation 4:
 NAS recovery may cause excessive delay and interruption of service. 
Proposal:
RAN2 should adopt one of the solutions above to handle connection re-establishment failures.  
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