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1   Introduction
After the first evaluation phase the following intra-LTE MRO enhancement use cases and scenarios have been agreed to be taken forward to the second specification phase:

2)  Connection failure resolution support for HetNet deployments in case of following problems:

a) After HO preparation from a macro cell to a pico and due to high speed mobility UE fails connection to the pico (e.g. fail RACH access or fail RRC Conn. Reconfig. Complete) and successfully re-establish connection to the source cell or to another macro cell; or succeed in connecting to the pico but shortly after be subject to RLF and re-establish connection to the source cell or to another macro.

b) In the presence of CRE, HO criteria at a macro for a HO to a pico may differ, e.g. depending on the UE capabilities. If a UE is handed over to the pico and a failure happens soon after the HO is successfully completed, and the UE reconnects at the source cell, or at another cell, the too early or wrong cell HO resolution is triggered. However, the source cell (i.e. the cell that started the HO to the pico) will receive the HO REPORT, but will not be able to identify which HO criteria are wrong.

In this contribution, various solutions are analyzed. 
2   Discussion
Based on the discussions in RAN3#75 meeting, the following solutions were proposed:

1. Propagate UE RLF report in HO REPORT message

2. Token/HO identifier sent by the network to the UE and collected back by the network in the UE RLF Report

3. Add CRNTI (and other required information if any) in UE RLF Report (and HO Report) to allow at the eNB matching of stored UE contexts to failure events

4. Add UE History IE in HO REPORT message

5. Let UE report the root reason for the failure

6. Add the indication whether the UE is configured with bias or not in UE RLF Report

7. Use the UE mobility state

During email discussion, the following criteria are proposed for solution comparison: 
· Context storing:
Does the UE context needs to be stored after successful completion of each HO? Does the solution bring any benefits in case the context is deleted?

· Additional signaling:
does the solution require additional signaling? Does it require additional IEs are added to existing signaling (where)?

· Effectiveness of Problem Detection: 

Does the solution enhance identification of the failure conditions and correction of the problem? 

· Efficiency comment:
are there any comments concerning the solution or its efficiency?

· UE impact:
to be assessed in RAN2

2.1   Other criteria need to be considered
Besides the criteria proposed above, we think the future proof of each solution should be considered carefully. So far, only two scenarios are on the table, the new scenarios and cases may be emerged step by step. Therefore, if one solution don’t bring and additional complexity and is future proof, it should be considered as the first choice.
Currently, the factor of “Additional signaling” includes both X2 and Uu interfaces. It is better to separate the two interfaces for clear. With the separation, RAN2 can clearly know what additional information is expected from/to the UE, so they can easily understand and estimate the UE impact.
	
	Scenario covered
	Context storing
	Additional signaling over X2
	Effectiveness of Problem Detection
	Efficiency comment
	Future proof
	Additonal info from/to the UE
	UE impact

	1)
	a
	None
	Inclusion of RLF Report in HO REPORT
	Enables detection of failures due to high speed and distinction of failures towards coverage/capacity cells for both the eNB receiving the RLF indication and the eNB receiving the HO report
	Propagates information already collected and reported by the UE, to enhance failure diagnosis and resolution.

The availability of fresh GNSS information like speed in the UE may be “low”, statistically. 
	
	No
	

	3)
	a-b
	Requires that some information is stored, and that CRNTIs for disconnected UEs remain reserved for some time This is implementation dependent. (Note 1). 
	Signaling of CRNTI and X2AP ID in the HO REPORT.
	Allows for both the eNB receiving the RLF indication and the eNB receiving the HO report to access any stored information to identify the root cause of failure, allowing to decide proper corrective actions also in case of UE specific mobility configuration (for HetNet, MRO-MLB coord)
	Provides the full flexibility to match any stored information with a reported failure event (vendor specific) in all involved nodes, without the need to pre-define and plan classes of parameter settings. (Note 2)
	Yes
	C-RNTI, shortMAC-I from the UE, other Information to identify the UE context if needed
	(RAN2)

	2)
	a-b
	None

(requires pre-mapping of UE configurations that affect mobility performance into classes as identified by the HO type ID)
	inclusion of the HO type ID in the HO REPORT.
	Once the problem is classified according to Rel.9/10 principles, the conditions under which the HO was triggered can be recalled, i.e. it allows to decide proper corrective actions also in case of UE specific mobility configuration (for HetNet, MRO-MLB coord etc), in granularity of the pre-decided HO types.
	Enables addressing the identified problems (and goes beyond, e.g. enables MLB-MRO coordination) without storing UE-specific information after a successfully completed HO. Assuming that “HO type” information can be long-lived, this solution could support usage of “old” RLF/HOF reports. 
	
	Passing the HO type ID to the UE at the HO initialization (e.g. in the HO command);
	(RAN2)

	2a)
	a-b
	None

(requires pre-mapping of UE configurations that affect mobility performance into classes as identified by the HO type ID)
	Passing the HO type ID to the target eNB (e.g. at the HO preparation); inclusion of the HO type ID in the HO REPORT.
	Allows the eNB receiving the RLF INDICATION to access UE context information; once the problem is, the exact conditions under which the HO was triggered can be recalled. 
	Enables addressing the identified problems (and goes beyond, e.g. enables MLB-MRO coordination) without expensive storying UE-specific information after a successfully completed HO. Enables matching the two RLF INDICATION messages sent for the same event.
	Yes
	C-RNTI, shortMAC-I from the UE, other Information to identify the UE context if needed
	(RAN2)

	4)
	a
	None
	Inclusion of UE History IE in HO REPORT
	Enable source eNB to estimate the speed of connection failed UEs and detect failure events due to high speed.
	Even though RLF occurs, target eNB generally maintains UE History until receiving RLF Indication.

In case that source eNB is same to the eNB which UE reconnected to, reconnected eNB can recover the UE history list from received HO Report message.

	
	No
	

	4a)
	a
	None
	Inclusion of UE History IE in HO REPORT, include UE Speed Estimatino in UE History Information
	Enable source eNB to estimate the speed or to receive  UE Speed estimation UEs subject to mobility failure and detect failure events due to high speed. Enables preventive identification of high speed UEs and adoption of corrective measures to avoid mobility failures
	Same as for Solution 4) with the adition that a preventive mechanism for early identification of high speed UEs is provided and corrective measures can be applied before the failure occurs
	
	Depending on UE speed Estimation discussion i n RAN2
	(RAN2)

	5)
	 enh
	None

It brings extra benefit when UE context is deleted because the failure causes of the RLF are now included in UE’s RLF report.
	
	This solution distinguishes failure events due to physical layer problems in the downlink, or MAC random access problem, or RLC transmission issues in the uplink via UE’s RLF report. 
	This solution enables the exclusion of RLF events due to MAC RA problem from MRO issue. It allows the eNB to determine if the failure was related to UL or DL, i.e. for hetnet the source eNB would use this to determine if the problem is a MRO problem or not (interference coord would be different for UL and DL).
	
	Root cause of the failure
	(RAN2)

	6)
	b
	None

	Adding both indication whether the UE has been configured with bias or not and UE measurement report in X2AP HO Report .
	This solution allow the source eNB to identify the problem and optimize the corresponding parameters after the connection failure eNB makes the first check in hetnet scenario, for the case when two UE specific HO configurations are possible, with or without a fixed CRE bias.
	This solution resolves the problem in b no matter there is UE context stored or not
	
	Indicator whether the UE has been configured with bias from the UE
	(RAN2)

	7)
	a
	None.
	UE state (2 bits) in the in the HO report. 

For the latter: either included  independent or as part of the forwarded RLF report (as suggested in solution 1)
	Solves problem a by enabling a separate detection and correction of three different UE velocity classes in the eNB receiving the HO report.
	The solution enables separate detection and correction of three different UE velocity classes for all MRO failure events (not only the one identified in a)
	
	UE state (2 bits) in the RLF report from the UE
	(RAN2)


Proposal 1: Consider “Future proof” as one criterion and separate the additional signalling over X2 and Uu for comparison.
2.2   UE speed related aspect in solution 4, solution 7 and solution 1
There are three kind of UE speed information that may be used for scenario a). 
· UE speed information in Rel-10 UE RLF report. It is GNSS speed with the UE best effort basis.

· The UE History IE contains cell ID, cell size and stayed time at each cell UE has passed. By counting the number of HOs for the specific duration, it is possible to get the approximate UE speed.

· Use the UE mobility state
RAN2 is discussing to have speed estimation information coming from the UE to the eNB at connection establishment in Hetnet WI for Rel-11. So an eNB might have more speed-related-information than above.
As part of Hetnet, RAN2 is discussing enhancements to the MSE (mobility state estimation). The network seems aware of all this information i.e. MSE period, what the UE is counting and thus would be able to make a good estimate of what MSE state the UE is in. 
Based on this RAN2 status, we should wait for RAN2 outcome to avoid duplication work in both RAN2 and RAN3.

Proposal 2: Wait RAN2 conclusion first for the speed related proposals.
2.3   The benefits of solution 5
Solution 5 was shown as additional enhancement on top other solutions. It is already shown that e.g solution 2 and solution 3 can cover both scenario a) and b). What additional problems that solution 5 intent to solve need to be clarified.
Proposal 3: More clarification is needed for the intention and benefit of Solution 5.
2.4   Solution 2, solution 3 and solution 6
Solution 2 and Solution 3 are similar since the purpose is to identify a stored context at the eNB. Solution 6 is in the opposite direction where not use the eNB context but UE info is used for identify the configuration. Solution 2 and Solution 3 can cover both scenario a) and scenario b). Solution 3 only cover scenario b).

With the UE context, the entire UE configuration can be found. So it is possible to be used for other scenarios in the future with solution 2 and solution 3.

Proposal 4: It is beneficial to only have the additional information reported from the UE that is used to identify the UE context.
3   Conclusion
With the analysis in section 2, it is proposed for RAN3 to agree the following proposals:

Proposal 1: Consider “Future proof” as one criterion and separate the additional signalling over X2 and Uu for comparison.
Proposal 2: Wait RAN2 conclusion first for the speed related proposals.
Proposal 3: More clarification is needed for the intention and benefit of Solution 5.
Proposal 4: It is beneficial to only have the additional information reported from the UE that is used to identify the UE context.
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