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1 Introduction
At RAN3 #75, the problem scope for intra-LTE MRO was defined. Also, a list of candidate solutions for the problem defined was collected. After the meeting, an email discussion was proposed to prepare the ground for selecting the best solution. This document offers a report from the discussion.
2 Discussion
2.1 Problem definition
The problem to solve is defined as follows:

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.
2.2 Proposed solutions

The identified solutions are:
Solution 1: Propagate UE RLF report in HO REPORT message
The RLF Report contains UE measurements and information relative to the mobility failure, collected and reported by the UE. Including the RLF Report in the HANDOVER REPORT could enhance the diagnosis of a failure at source eNB. For example, the RLF Report may include the horizontalVelocity IE (see TS 25.331), which represents the UE speed.  This IE can help resolving problem (a) because it conveys information about the UE speed at the time of failure. Hence future mobility cases for UEs in similar mobility conditions can be prevented by adjusting mobility parameters depending on failure statistics recorded. 
Also, the RLF Report includes measurements on the last serving cell and information on the cell where the failure occurred. This could enable the source eNB to understand the nature of the failure (e.g. coverage hole vs wrong mobility settings). 
This solution could be combined to other solutions listed in this document. For example, advantages are envisaged if this solution is combined to Solution 3. Namely if the RLF Report enhanced with new information as proposed in Solution 3 is included in the HO REPORT message. With such combined solution the HO REPORT may be able to include the UE speed, the measurements taken by the UE at the time of failure and the identifiers to retrieve the UE context at the time of failure. The latter would enable to solve problem (a) and (b) by modifying mobility settings for future mobility cases when appropriate. 
Solution 2: Token/HO identifier sent by the network to the UE and collected back by the network in the UE RLF Report
The eNB triggering the HO assigns a token / HO type identifier to the event and sends it to the UE, e.g. in the HO command. The token / identifier uniquely identifies the HO criteria used for this HO, though not necessarily the UE. The UE stores the last received token / identifier and reports it back in case of a failure (e.g. as part of the RLF Report). The pico cell identifies the failure as a too early HO or HO to wrong cell and forwards the token / identifier to the source macro. The macro identifies the HO criteria. If the HO criteria are related to the UE speed, as known at the eNB, the problem (a) is addressed; if the criteria are related to CRE (or other UE capabilities), problem (b) is addressed. This solution requires pre-mapping/planning of UE configurations that affect mobility performance into classes as identified by the token / HO type ID, e.g. dynamically changing HO parameters could be mapped into sub-ranges, each being represented by a token / HO type ID.

Solution 2a: Token/HO identifier sent in the HO preparation and stored in the UE context in the target cell

The eNB triggering the HO assigns a token / HO type identifier to the event and passes it to the target eNB (pico), e.g. as part of the HO preparation procedure. The token / identifier uniquely identifies the HO criteria used for this HO, though not necessarily the UE. The target eNB stores the token / identifier as part of the UE context. In case the connection to the UE fails, the UE provides C-RNTI of the last serving cell (and related information, like shortMAC-I), e.g. in the RLF Report. This is forwarded to the pico in the RLF INDICATION and enables to identify the UE context. The pico cell identifies the failure as a too early HO or HO to wrong cell and returns the token / identifier retrievedfrom the UE context to the source macro. The macro identifies the HO criteria. If the HO criteria are related to the UE speed, as known at the eNB, the problem (a) is addressed; if the criteria are related to CRE (or other UE capabilities), problem (b) is addressed. This solution, similarly as solution 2, requires pre-mapping/planning of UE configurations that affect mobility performance into classes as identified by the token / HO type ID.

Solution 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
At handover, the source cell may store selected UE related information together with the CRNTI(1) used in the cell before HO and additional information, for example X2APID(1). The target cell also stores the same CRNTI(1) and the X2APID(1) together with the UE context. If the UE send the RLF report triggered at RRC re-establishment, the last serving eNB receives the CRNTI(2) used before the failure in the RLF indication message and can thereafter retrieve any information stored for this UE. If the UE send the RLF report triggered at RRC connection setup, the UE includes the CRNTI(2) used before the failure and additional information, for example the shortMAC-I(2) in the RLF report. This is forwarded in the RLF indication to the last serving cell which can thereafter retrieve any information stored for this UE. When this information is retrieved the CRNTI(1) and X2APID(1) can be included in the HO report message. The eNB receiving the HO report message can thereafter retrieve any stored information related to this UE, e.g. speed information, as needed in problem (a) or CRE related data, as needed in problem (b).
Solution 4: Add UE History IE in HO REPORT message
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. If UE History IE is included in HO Report message from target eNB to source eNB, source eNB can  estimate the speed of UE which underwent connection failure at target cell as needed in problem (a). In case that the reported UE speed is high, source eNB modifies the HO policy for high speed UEs from next time round. Moreover, if source eNB is same to the eNB which UE reconnected to, i.e. in a ping-pong HO case, reconnected eNB can recover the UE history list from received HO Report message.
In order to retrieve the history information in target eNB, identification of the UE context must be enabled.
Solution 4a: Add UE Speed estimation in UE History Information + add UE History Information in HO REPORT
As a preventive mechanism to identify and tackle future cases of high speed UEs the UE History Information could also be enhanced with a new IE added to each visited cell and specifying UE Speed information. this could be either estimated from past handovers to other cells (also by means of extra neighbour cell information such as cell size and location configured via OAM) or from eNB internal calculationss or from UE measurements. 

The UE speed information in the UE History Information may be used to prevent failures (after reception during handover procedures) or in conjunction with Solution 4 to support analysis and correction of failures by including the UE History Information in the HO REPORT.
Solution 5: Let UE report the root reason for the failure
When a RLF is detected in a UE, the UE may reports (possibly in UE RLF Report) the reasons of the radio link failure, i.e. physical layer problems in the downlink, MAC random access problem, RLC transmission issues in the uplink. When the report is available in the eNB where the RLF occurred, the eNB can determine the root causes of the RLF taking into account of other information of this UE if available. 
The solution is a supplementary enhancement to other solutions.

Solution 6: Add the indicator whether the UE is configured with bias or not in UE RLF Report and propagate both the indicator and measurement report to the source eNB in HO Report message.
To resolve the problem (b), it is necessary for the source eNB to differentiate UEs configured with CRE bias from other UEs. To achieve this, the failure UE should send the RLF Report with a bias indicator which indicates whether the UE is configured with bias. Besides, the eNB in which the connection failure occurred should propagate this indicator together with UE measurement report to the source eNB. Taking into account of both the bias indicator and the measurement report , the source eNB could clearly detect that whether a UE configured with bias failed in the cell range expansion area of the Pico. Therefore, it could identify the cause of failure event and make corrections correspondingly. 
As UEs normally are configured with some bias, the particular CRE bias need to be specifically indicated to the UE by the network, i.e. this solution have a lot in common with solution 2.
Solution 7: Use the UE mobility state
The network can configure the thresholds for when the UE should change the UE mobility state. When in these three different mobility states, the UE will apply different mobility parameters (TTT). One way to solve the problem (a) is therefore to use the mobility state in the UE and optimise the mobility parameters differently for different mobility states. The mobility state change is decided autonomously in the UE based on thresholds configured by the network. In order to address problem (a), this solution requires  that the UE reports the mobility state in the RLF report. This information is then also included in the HO report, either independent or as part of the forwarded RLF report (as suggested in solution 1)
Below table summarizes how each of the methods addresses the selected failure scenarios:

	
	Solution 1
	Solution 2
& 2a
	Solution 3
	Solution 4 
& 4a
	Solution 5
	Solution 6
	Solution 7

	a)
	X
	X
	X
	X*
	(enh)
	
	X

	b)
	
	X
	X
	
	(enh)
	X
	


*) Context recovery at the last serving eNB is needed
2.3 Solution comparison

The solutions may be compared according to following criteria:

· 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

	
	
	Context storing
	Additional signaling
	Effectiveness of Problem Detection
	Efficiency comment
	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. 
	

	2)
	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 UE at the HO initialization (e.g. in the HO command); 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. 
	

	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); Signaling of CRNTI and ShortMAC-I in the RLF report; 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.
	

	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 ShortMAC-I in the RLF report. 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)
	

	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.

	

	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
	

	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.
	Additional info 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).
	

	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
	

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


Note 1: The required context storing is implementation dependant. The eNB could for example store the CRNTI+shortMAC-I together with a HO token (giving a similar granularity as solution 2). The eNB could also store the full context, thereby enabling a larger flexibility to take into account anything known in the eNB. The intended usages of these methods are for intra LTE MRO, where the failure reports are typically delivered shortly after the failure. Therefore, the required time for storing the information in solution 3 is short (in the order of minutes). The case where the delivery of the report is delayed with up to 48 hours applies to cases outside the scope of intra LTE MRO, namely coverage (MDT) and/or inter RAT MRO where the UE is unable to immediately transmit the RLF report to the LTE network.
Note 2: Since any stored context can be retrieved in both the eNB receiving the RLF indication and the eNB receiving the HO report, this would allow the possibility to take this into account for MRO purpose for all scenarios where the UEs may use different configuration, for example usage of MLB.
3 Summary
Proposed ways forward at next RAN3: 

·  Treat solutions 2, 3 and 6 together, to decide and adopt one principal solution to support MRO with UE specific HO configuration.
·  Treat solutions 4, 7 and speed aspects of solution 1 together, to decide on the required support for speed knowledge distribution in rel-11 (e.g. is GNSS speed in RLF report sufficient, can network UE history be used, is UE speed state or UE cell change history needed?). In case information from RAN2 is needed, send LS .. 
·  Treat non-speed aspects of solution 1 separately.

·  Treat solution 5 separately. This solution can be combined with other solutions, e.g., to allow eNB to exclude RLF events due to MAC RA problem from MRO issue and to determine if the failure was related to UL or DL. 
· Discuss the possibility of selecting a single solution, or combining solutions together to address the two problems with highest effectiveness
