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1. Introduction
In this document we provide preliminary results from VoLTE field test conducted in a major city in North America. The aim is to help RAN2 taking a sensible decision on mobility robustness solutions under the WI: HetNet mobility enhancements for LTE.
2. Drive tests
Drive tests were carried out in a major city in North America. VoLTE call was active during the drive test to see the impact of mobility on a delay, interruption, and loss sensitive application. We look at the results from the two drive test routes below:

Urban (Mixed route)
Driving on highways of approximately 36miles with the speed of up to 45mph – 60mph.

Downtown
Approximately 6 miles with the speed of 0-25mph
2.1. Results
General observations from the drive tests are as follows;

· Large number of RLF and NAS recovery observed, leading to user-perceivable service interrruptions.

· Major causes for RLF or HO failure
· UE could not send the measurement reports to the source eNB (due to channel conditions, e.g. RSRQ is very low)

· UE could not receive the handover command  from the source eNB (due to channel conditions, e.g. RSRQ is very low)

· RACH failures particularly in downtown likely due to high interference. But typically handovers are successful if UE receives the handover command (i.e. not many T304 expiry)
The following tables summarize the mobility failure rates.
Table-1:
Mobility failures

	
	Urban(Mixed route)
	Downtown

	Handover failure rate
	7.6%
	21.7%

	RRC connection re-establishment failure rate
	62%


It can be seen that the interference-limited downtown region is more challenging environment for mobility. Downtwon route could be categorized as one type of HetNet deployment where cells with different transmit powers are deployed and more sectorization is used. So the field results are indeed in agreement with the simulation results we have been seeing in RAN under the HetNet mobility enhancement Studay Item and Work Item.

RRC connection re-establishment failure rate is surprisingly high. We believe RRC connection re-establishment request is rejected due to the target eNB not having been prepared. RRC connection reject is followed by idle mode transition and NAS recovery, which leads to a long interruption time as we discuss in the next sesstion. 
2.2. Interruption time

The duration of service interruption casued by mobility event very much depends on the mobility procedure and its succeess or failure. Below we summarized the interruption time defined by the time data packets are not delivered over the air interface. Since it does not completely reflect user-perceivable service interruption, we also added our observations from the user perspective for each case, assuming that the interruption occurs in the middle of a talk spurt (rather than silence period) in the VoLTE call.
	
	Interruption time
	User experience

	Successful handover with data forwarding
	80-130ms
	No user-perceivable interruption (the majority of the interruption is typically covered by dejitter buffer)

	Successful handover without data forwarding
	200-250ms
	User may hear a “click”

	RLF followed by successful RRC connection re-establishment
	800-3000ms
	Around or above 1 second interuption may lead to cutting some words. Very annoying if it happens often.

	RLF followed by unsuccessful RRC connection re-establishment, further followed by NAS recovery
	3000-5000ms
	A "sentence" used in subjective testing is typically 4s, so such interruption may be perceieved as unbearable silence. If the interruption persists, the user may hang up the call.


It should be noted that some of NAS recovery indeed lead to failed VoLTE call establishement or  call drop due to the call context dropped either in the network or in the UE when the service interruption time is too long.
Those interruptions and session drops may not have been so critical from the view point of user experience for the conventional “data” connections, for which LTE has been a successful wireless connectivity. It is our view, however, for the large scale adoption of VoLTE to come, it is very important that we look at improving the user experience so that LTE will continue to be successful.   

Observation 1:
It is important to address the bad user experience in both successful RRC connection re-establishment and unsuccessful RRC connection re-establishment events.
2.3. Proposals

From the VoLTE drive test results and analysis provided in this document, we propose the following.

Proposal 1:
Introduce T310 early termination to reduce interruption caused by RLF/RRC connection establishment.
Proposal 2:
Introduce inter-eNB UE context fetch upon RRC connection re-establishment to avoid interruption and call drops caused by NAS recovery.
3. Conclusion
In this document we looked at results from VoLTE field tests conducted in a major city in North America. We have shown that mobility failures will lead to unacceptable experience for the user for operator’s VoLTE service.

Observation 1:
It is important to address the bad user experience in both successful RRC connection re-establishment and unsuccessful RRC connection re-establishment events.
We consider it is very important that we look at improving the user experience in view of the large scale adoption of VoLTE to come. We therefore propose:
Proposal 1:
Introduce T310 early termination to reduce interruption caused by RLF/RRC connection establishment.
Proposal 2:
Introduce inter-eNB UE context fetch upon RRC connection re-establishment to avoid interruption and call drops caused by NAS recovery.
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