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Introduction
The WI Enhanced LTE Support for Aerial Vehicles has been agreed in RP-172826 in RAN plenary #78 meeting.
	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.
· Specify enhancements to support improved mobility performance and interference detection in the following areas [RAN2]:
· Enhancements to existing measurement reporting mechanisms such as definition of new events, enhanced triggering conditions, mechanisms to control the amount of measurement reporting.
· Enhancements to mobility for Aerial UEs such as conditional HO and enhancements based on information such as location information, UE’s airborne status, flight path plan, etc.

· Specify enhancements to support indication of UE’s airborne status and indication of the UE’s support of UAV related functions in LTE network e.g. UE radio capability [RAN2].
· Signaling support for subscription based identification [RAN2 lead, RAN3]
· Specify S1/X2 signalling to support subscription based aerial UE identification
· Specify UL power control enhancements in the following areas [RAN1, RAN2]
· UE specific fractional pathloss compensation factor
· Extending the supported range of UE specific P0 parameter



For the enhancements to mobility for aerial UE, RAN2 has started to discuss the flexibility of conditional HO and enhancements based on location information in last RAN2 #101 meeting.
In our view, RAN3 should also start to consider the enhancement to mobility for aerial UE. The intention of this contribution is to share some consideration on the DC based enhancement for the aerial vehicles.
Discussion
Some study on the support of aerial vehicles have already been made in Rel-14, and the following output can be found in TR 36.777, based on the simulation results which are also captured in this TR. 
· J.2.3	HOF rate
· Majority of the companies observed higher HOF rate for aerial UE than that for terrestrial UE in most cases. And the higher the speed or the height of aerial UE is, the higher HOF rate can be observed.
· J.3.4	RLF rate
· Majority of the companies observed higher RLF rate for aerial UE in most cases. And the higher the speed of aerial UE is, the higher RLF rate can be observed.
· J.3.7	Ping-Pong rate
· Majority of the sources observed the result that the Ping-Pong rate of terrestrial UE is higher than that of aerial UE, and as height increases the Ping-Pong rate continues to lower down too.
Based on the information above, a much higher HOF/RLF/Ping-Pong rate can be observed for the aerial vehicles, and the situation may become worse as the increase of the speed or height of UE. The main reason for the high HOF/RLF/Ping-Pong rate is the complex radio conditions in the air, and these failure are mainly caused by the sharp decrease of radio connection or the coverage hole. In addition, since the NW optimization is mainly made for the UE on the grand, it will be difficult for the NW to provide good coverage for the aerial vehicles in the air, thus it may be difficult to ensure the quality with a single connection.
Observation 1: Since the NW optimization is mainly made for the UE on the grand, it will be difficult for the NW to ensure the radio quality with a single connection. 
In LTE, the dual connectivity has been introduced in Rel-12 to utilize radio resources provided by two distinct schedulers, located in two eNBs connected via a non-ideal backhaul. In order to avoid the risk of sharp decrease of radio quality in one radio connection, one possible solution is to maintain two connections simultaneously by using the dual connection technology.
Observation 2: In order to improve the robustness of signaling and data transmission, one possible solution is to maintain two connections simultaneously by using the dual connection technology.  
In LTE DC, the RRC diversity has been studied in Rel-12, and the RRC diversity is a potential solution for improving mobility robustness. With the RRC diversity, the handover related RRC signaling could additionally be transmitted from or to a potential target cell, and RLF could in this case be prevented as long as the UE is able to maintain a connection to at least one of the cells. This will eventually lead to a more successful handover performance (i.e. avoiding UE RRC re-establishment procedure).  
In order to have a better understanding on the performance gain of RRC diversity, some simulations has been made, and the related simulation result have been captured in the TR 36.842.
-------------------------------------------------- From 36.842 ------------------------------------------------------

Table 7.1.3.2-2: Failure number of different types for baseline and dual RRC message (Case II)
	[bookmark: OLE_LINK219][bookmark: OLE_LINK220]Baseline
	Dual RRC message
	Gain

	[bookmark: OLE_LINK202][bookmark: OLE_LINK201]Types
	Failure Num
	Types
	Failure Num
	

	macro-macro
	11.2
	macro-macro
	5.5
	0.508929

	small cell-macro
	2.6
	small cell-macro
	0.9
	0.653846

	macro-small cell
	4.2
	macro-small cell
	2.1
	0.5

	small cell-small cell
	6.9
	small cell-small cell
	2.8
	0.594203

	Sum.
	24.9
	Sum.
	11.3
	0.546185

	NOTE 1:	By comparing the simulation results of RRC diversity with the baseline,
it can be seen that a gain (about 55%) can be obtained from RRC diversity.
NOTE 2:	The mobility performance was also assessed with DRX.




Figure 7.1.3.2-2: Failure number of different types for baseline and dual RRC message

Table 7.1.3.2-3: Failure number of different types for baseline and dual RRC message
	Case
	No DRX
	DRX Cycle (ms)

	
	
	80
	160
	320
	640
	1280

	Normal HO
	24,9
	30,7
	36,1
	44,5
	47,9
	59,6

	Dual RLM + Dual RRC Msg
	11,3
	13,1
	15
	17.8
	19,4
	26,2

	Gain 
	55%
	57%
	58%
	60%
	60%
	56%

	NOTE:	The observations on the gain of RRC diversity w.r.t. mobility performance
are applicable also in cases when DRX is used.



---------------------------------------------------- From 36.842 ------------------------------------------------------
Based on the simulation result above, it can be observed that a considerable gain on mobility performance (i.e. more than 50%) can be achieved by the RRC diversity. 
Observation 3: Considerable gain on mobility performance (e.g. reduce the HO failure rate by 50%, as indicated in TR 36.842) can be achieved by using the RRC diversity, with which the handover related RRC signaling could additionally be transmitted from or to a potential target cell, and RLF could in this case be prevented as long as the UE is able to maintain a connection to at least one of the cells.
In TR36.842, it is stated that RRC diversity is a potential solution for enhancement to mobility for aerial UE.
	RRC diversity
RRC diversity is a potential solution for improving mobility robustness. With RRC diversity, the handover related RRC signalling could additionally be transmitted from or to a potential target cell as illustrated in Figure 7.1.3-1.  
RLF could in this case be prevented as long as the UE is able to maintain a connection to at least one of the cells. 
This will eventually lead to a more successful handover performance (i.e. avoiding UE RRC re-establishment procedure). The RRC diversity scheme could also be applied for handovers from the macro to pico cells, between macro or between pico cells.


Figure 7.1.3-1: Handover region where RRC diversity can be applied



Although the RRC diversity has not been adopted in Rel-12 due to the lack of time budget, the similar technology has already been agreed in NR. In NR, the SRB duplication has been adopted to enable the transmission/reception of RRC signaling through both the master node and secondary node. Besides the SRB duplication, the RLF enhancement has also been discussed in NR, but due to the limited time budget, the RLF enhancement has not been adopted in the NR Rel-15.
Observation 4: The SRB duplication has already been adopted in NR, which can be used to improve the signaling robustness and improve the HO performance.
Based on the analysis given above, we think clear gain on the mobility performance can be observed from the RRC diversity, especially for aerial vehicles. Besides the gain on mobility performance, the DRB duplication can also be used to improve the reliability and latency for the data transmission. Therefore, we give our proposal as follow. 
Proposal 1: The following enhancement to dual connectivity should be considered for aerial vehicles in LTE:
- SRB/DRB duplication
- Secondary node assisted RLF recovery (i.e. RRC reestablishment shall not be triggered unless both the connection in master node and secondary node fail)
Since the SRB duplication has already been supported in NR, in order to accelerate the progress, we propose to reuse the agreements made in NR for SRB/DRB duplication as much as possible.
Proposal 2: For the SRB/DRB duplication, reuse the agreements made in NR as much as possible.
Since LTE DC architecture and EN-DC architecture have been supported, reusing the legacy architecture and the existing agreement as much as possible can speed the progress.
According to the objective of the new WID, the enhancements (e.g., measurement related, HO related, location related) are mainly triggered by RAN2. It is suggested for RAN3 to focus on DC based enhancement to mobility for aerial UE.
Proposal 3: RAN3 shall consider LTE DC based enhancement to mobility for Aerial UE.
Conclusion
Based on the analysis given above, we give our observation and proposal as follow:
Observation 1: Since the NW optimization is mainly made for the UE on the grand, it will be difficult for the NW to ensure the radio quality with a single connection. 
Observation 2: In order to improve the robustness of signaling and data transmission, one possible solution is to maintain two connections simultaneously by using the dual connection technology.  
Observation 3: Considerable gain on mobility performance (e.g. reduce the HO failure rate by 50%, as indicated in TR 36.842) can be achieved by using the RRC diversity, with which the handover related RRC signaling could additionally be transmitted from or to a potential target cell, and RLF could in this case be prevented as long as the UE is able to maintain a connection to at least one of the cells..
Observation 4: The SRB duplication has already been adopted in NR, which can be used to improve the signaling robustness and improve the HO performance.

Proposal 1: The following enhancement to dual connectivity should be considered for aerial vehicles in LTE:
- SRB/DRB duplication
- Secondary node assisted RLF recovery (i.e. RRC reestablishment shall not be triggered unless both the connection in master node and secondary node fail)
Proposal 2: For the SRB/DRB duplication, reuse the agreements made in NR as much as possible.
Proposal 3: RAN3 shall consider LTE DC based enhancement to mobility for Aerial UE.
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1
R2-167949
image1.emf
 


oleObject1.bin

[image: image2.png]Macro 1 - RRC diversity region

frequency 1

Pico 1

frequency 1

¥

&

4=~







[image: image1]
