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1. Introduction

This document captures the results of off line discussions on the topic of MRO Enhancements.  The discussion shall be focussed on the scenarios that were prioritised during RAN3#74, as captured in [1].
The paper provides a comparison of potential solutions of relevance to the prioritised scenarios.
2. Definition of failure cases, short stay and ping pong

[Extracted from [2] ]

In intra and inter frequency and inter RATmobility, a mobility failure case consists of a handover subject to failure either within the same RAT or between different RATs or a failure followed by a re-connection in another cell either within the same RAT or in a different RAT.
3. Scenarios Prioritisation

[Extracted from [2] ]

The following level of priorities were assigned to the different mobility events discussed:

Priority 1: Failure case mobility scenarios




1a: Failure case mobility in HetNet intra LTE cases




1b: Failure case mobility between different RATs

In particular, with regards to mobility failure cases between different RATs, the following prioritisation has been agreed:

High Priority:

1b-1:
Failure while in LTE or during a HO to 2G/3G, reconnection at 2G/3G (too late HO)

1b-2:
Failure during or after a HO from 2G/3G to LTE (most likely HOF while moving from 2G/3G to LTE) and reconnection back at 2G/3G (source RAT), may be at different cell than the source one (too early HO)

Note: Feasibility of MRO solutions for Inter-RAT failure cases involving 2G needs to be assessed on contribution basis before solutions can be studied

Note: RAN2 is currently studying solutions for mobility in HetNet networks as part of  the HetNet mobility improvements for LTE SI. RAN3 should take the agreed outcomes of this SI into consideration when converging on solutions on MRO for HetNet
4. Scenarios and Solutions Identification
In this section potential solutions addressing the prioritised failure case scenarios are captured. 

Scenario1a: Failure case mobility in HetNet intra LTE cases
Some example of failure cases during mobility in HetNet are shown in figure 4-1  4-2 and 4-3.
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Figure 4-1: Example of mobility failure in HetNet, with re-establishment in third cell
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Figure 4-2: Example of mobility failure in HetNet, with re-establishment in the source cell
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                                Figure  4-3   Example of mobility failure in Hetnet scenario with EICIC 

Note: More discussions are needed to confirm whether the CRE scenario is different from existing HetNet mobility scenarios such as those in Figure 4-1 and Figure 4-2.

For this case scenarios the following solutions principles were captured during offline discussions at RAN3#74, see [2]:
Regarding the MRO for HetNet solutions many companies share the understanding that it is advantageous to propagate, amongst the nodes involved in the failure UE, information on UE measurements collected during the mobility failure event. 
Such measurements could be of the like of those included in the RLF Report reported by the UE as consequence of a mobility failure. One example of how this information could be conveyed is by adding the RLF Report in the HO REPORT message.
As mentioned above, it is believed by a majority of companies that it would be beneficial to propagate UE measurements collected during mobility failure to all the nodes involved in the failure. Solutions addressing this scenario should build upon this principle.

Solution 1a-1: Propagation of RLF Report via X2: HO REPORT message
During RAN3#73bis and RAN3#74 it was discussed that target cell size ,UE speed and UE measurements are of crucial importance to prevent mobility failures in a HetNet environment. This solution is based on propagation of information of the target cell size and in general on propagation of UE measurements and statistics collected during the failure event.

Propagation of target cell size is already possible via UE History Information IE.  In fact the Cell Type IE is already a mandatory IE contained in the Last Visited E-UTRAN Cell Information IE included in the UE History Information IE.
During network operation each neighbouring eNB can learn the Cell Type of neighbouring cells after mobility from those cells is completed.  
With regards to UE Speed information and in general with regards to UE measurements collected during the failure event, it is already possible to achieve such information from the RLF Report sent from a UE to the cell where it re-establishes connection after mobility failure. Therefore the UE speed information and other UE measurements are also present in the RLF INDICATION message used in MRO, which contains the RLF Report.
In order to fully propagate this information to all the cells involved in the mobility failure it is proposed to include the RLF Report also in the HANDOVER REPORT message. The latter has several benefits given that the UE measurements and information included in the RLF Report would be very useful for the node receiving the HANDOVER REPORT message.  Such node could optimise its mobility settings and also make more accurate MRO judgement according to the information present in the RLF Report.
As an example, the node receiving the HANDOVER REPORT containing extra information concerning the mobility failure could modify the CIOs towards different neighbours in a way to avoid future failures or it could filter out potential target cells during the process of deciding the best handover target (e.g. if UEs moving at high speed fail during mobility towards a small cell, that cell could be ignored as a target, if possible, during similar future mobility cases).
A graphical example of this solution is shown in the figure below:
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Figure 4-4: Propagation of UE measurements to eNBs involved in mobility failiure

In Figure 4-4 it is assumed that eNB A knows the cell size of CellB due to previous exchanges of UE History Information IE following mobility from Cell B to a cell served by eNB A.  In the figure it can be seen that the UE speed information and UE measurements collected during the failure and contained in the UE RLF Report Container IE are sent to eNB A
For the cases in figure 4-1 and 4-2, these information can enable eNB-A to deduce that the mobility failure was due to a high speed UE attempting to handover to a small cell (CellB).eNB-A may therefore exclude CellB as target cell for future handovers involving high speed moving UE, and prioritise Cell C as an handover target.
For the case in figure 4-3, these informations can enable eNB-A to deduce that the mobility failure is handover to wrong cell not handover too early.Then eNB-A may adjust the handover trigger to Pico and Macro2.
Proposal: It is proposed to include the UE RLF Report Container IE including the RLF Report in the HANDOVER REPORT message.

Scenario 1b: Failure case mobility between different RATs

This section is divided into a number of sub-scenarios, following agreed prioritization in [2].
The underlying principle for which the following failure cases were prioritized is that it is assumed that LTE carriers will be prioritized with respect to other RAT carriers with respect to target selection during UE mobility.

It is therefore plausible to assume that a UE will try to handover from 2G/3G to LTE as soon as possible and it will try to remain connected to the LTE cells as long as possible before handing over to 2G/3G.

The latter implies that the most important mobility failure cases are the too late handover from LTE to 2G/3G and the too early HO from 2G/3G to LTE (with reconnection to same source cell or to a cell different from the source cell). Solutions for such scenarios are described below
1b-1:
Failure while in LTE or during a HO to 2G/3G, reconnection at 2G/3G
A UE is served at an LTE cell for sufficiently long time to consider the stay stable (e.g. longer then T_store_ue_cntxt, as defined for “too late HO” scenario in Rel.10). Then, either without prior HO initialization or during a HO to 2G/3G (before successful synchronization to the target), a connection failure occurs. The UE reconnects in a 2G/3G cell.

Solution 1b.1-1: Failure report when returning to LTE
When the UE re-connects after the failure to a 2G/3G cell, it stores the necessary failure information. Then, when the UE is handed over to LTE, or when it sets up a new connection in LTE cell, the failure information is made available for the network (e.g. as a RLF Report). The cell that fetches the RLF report from the UE, forwards it to the cell where the failure occurred (via X2 or S1/CN, e.g. in a RLF Indication message). The solution, for 3G/LTE case, is presented in following figure (assuming the UE is handed over to LTE):


[image: image5]
Figure 4-4: Solution 1b.1-1.
Solution 1b.1-2  Failure report in UTRAN or LTE
Since the failure (RLF) occurs in LTE, UE needs to record RLF Report similarly as R10 specification.
In case UE re-connects to UTRAN after failure, it reports RLF Report to RNC. After the SRNC fetches the RLF Report, it transfers the data via RIM message to the eNB where failure occurred. Consequently the eNB could detect the root cause of failure as ‘Handover too late’.

In case UE re-connects to GERAN after failure, it doesn’t report RLF Report until it is handed over or reselects and sets up new radio connection to LTE/UTRAN. After fetching the RLF Report data, the eNB/RNC transfers it to the eNB where failure occurred via X2/S1 or RIM messages.
1b-2:
Failure during or after a HO from 2G/3G to LTE and reconnection back at 2G/3G (source RAT)

A UE is served at a 2G/3G cell and a HO is initiated toward an LTE cell. Then, either soon after the HO is completed or during the HO (before successful synchronization to the target), a connection failure occurs. The UE reconnects in a 2G/3G cell.

Solution 1b.2-1: Failure report when returning to LTE
When the UE re-connects after the failure to a 2G/3G cell, it stores the necessary failure information. Then, when the UE is handed over to LTE, or when it sets up a new connection in LTE cell, the failure information is made available for the network (e.g. as a RLF Report). The cell that fetches the RLF report from the UE forwards it to the cell where the failure occurred: either via X2 or S1/CN, to the last serving LTE cell (if the HO was successfully completed – case C in Figure below), or via RIM to RNC controlling the last serving 2G/3G cell (if the failure occurred during the HO – case A in figures below or if the HO was successful completed-case B in the Figure below). If the report is sent to the last serving LTE cell, that cell analyses the report and verifies the time the UE dwelled there is shorter than defined threshold (e.g. T_store_ue_contxt). In that case, information is sent further via RIM. The solution, for 3G/LTE case, is presented in following figures (assuming that the UE is returning with certain time interval to LTE and that the node controlling the cell which was responsible for the failure is counting it):
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Figure 4-5: Solution 1b.2-1, case A (HOF).
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Figure 4-6: Solution 1b.2-1, case B (RLF).
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Figure 4-7: Solution 1b.2-1, case C (RLF).
Solution 1b.2-2: Failure report at 3G
After the failure, the UE re-connects to a 2G/3G cell. The BSC/RNC, if it recognizes the UE as recently served one (e.g. based on IMSI, if the BSC/RNC did not delete UE context after a HO to LTE was completed and stored it for a defined period of time, e.g. T_store_ue_cntxt), can detect the absence of the UE was too short. But BSC/RNC is not aware if there was an RLF in the other RAT during the absence: not every short stay at LTE should be classified as “MRO – too early HO”. Therefore, the UE must provide the BSC/RNC with some “connection failure” indication. The UE should provide it if:
· The connection in LTE was terminated due to a RLF (otherwise, if the termination was normal, the MRO should not be triggered)

· Possibly: during the time in LTE, the UE was not handed over to other LTE cell

Then, after evaluating the case, the BSC/RNC may inform the UE that the stay in LTE was too short and therefore the UE should delete the failure report stored for LTE (see solution 1b.1-1).
The solution, for 3G/LTE case, is presented in following figures (assuming the UE is handed over to LTE): 

[image: image9]
Figure 4-8: Solution 1b.2-2.

Note: in case of HOF during HO from 2G/3G to LTE and reconnection of the UE to the 2G/3G system, there might not be a need for the UE to send the RLF report as the failure diagnostic and resolution can be performed entirely within the 2G/3G system.

Solution 1b.2-3  Failure report in UTRAN or LTE
In this scenario, the RLF Report mechanism is reused，similarly with above ‘LTE to 2G/3G HO too late’ scenario. After receiving RLF Report from UE, the UTRAN/LTE cell would detect the last serving cell and send RLF Report to the corresponding node.

Case A. Handover failure

For UTRAN case, RLF Report is reported by UE to current RNC (assuming same as the SRNC before HOF), and then the RNC could detect the problem.

For GERAN case, the UE would not report RLF Report until it is handed over or sets up new radio connection to LTE/UTRAN, then the eNB/RNC transfers the data to BSC transparently via RIM. Consequently, the BSC detects the problem root cause based on the RLF Report.
Case B. RLF

For UTRAN case, RLF Report is reported by UE to current RNC (assuming same as the SRNC before RLF), and the RNC transfers the data transparently via RIM to the eNB where failure occurred. Then the eNB where failure occurred detects the problem as ‘UTRAN to LTE HO too early’, and notifies the original RNC via RIM. (See the figure 4-8 below)

For GERAN case, UE would not report RLF Report until it is handed over or sets up new radio connection to LTE/UTRAN, and the eNB/RNC transfers the data transparently via S1/X2 or RIM to the eNB where failure occurred. Consequently, the eNB where failure occurred detects the problem root cause as ‘GERAN to LTE HO too early’, and notifies the original BSC via RIM. (See the figure 4-8 below)

[image: image10.emf]LTE UTRAN

UE

RLF

RLF

RLF Report

Re-connection

RIM (RLF Report)

Detect root cause as 

‘

UTRAN-> LTE HO 

too early

’

GERAN

Storing RLF 

Report

Handover/Reselection & new connection

RLF Report

RLF Indication or

RIM (RLF Report)

Handover

RIM (root cause)

LTE

LTE/UTRAN

UE

Handover

RLF

RLF

Re-connection

Detect root cause as 

‘

GERAN-> LTE HO 

too early

’

RIM (root cause)

Case of RLF after UTRAN -> LTE handover 

Case of RLF after GERAN -> LTE handover 


Figure 4-9  Solution 1b.2-3  RLF after handover succeed
5. Solutions Comparison

Solution comparison for IRAT mobility failure cases:

1b-1:
Failure while in LTE or during a HO to 2G/3G, reconnection at 2G/3G
	
	Impact on UE 
	Impact on UTRAN
	Impact on E-UTRAN
	Efficiency of the Solution

	Solution 1b.1-1: Failure report when returning to LTE
	Low
	Low
	Low/Medium, new S1 procedure might be needed in case eNB receiving RLF report is not connected to source via X2
	Low

	Solution 1b.1-2  Failure report in UTRAN or LTE
	Medium, UE already supports RLF Report measurement collection. RLF Reporting in UTRAN needed
	High
	Low
	High

	
	
	
	
	

	
	
	
	
	


1b-2:
Failure during or after a HO from 2G/3G to LTE and reconnection back at 2G/3G (source RAT)
	
	Impact on UE 
	Impact on UTRAN (or GERAN)
	Impact on E-UTRAN
	Efficiency of the Solution

	Solution 1b.2-1: Failure report when returning to LTE
	Low
	Low
	Medium, new RIM procedures needed. 
New S1 procedure might be needed in case eNB receiving RLF report is not connected to target cell via X2 (see case C).
	FFS

	Solution 1b.2-2: Failure report at 3G
	Medium, UE already supports RLF Report measurement collection. RLF Reporting in UTRAN needed
Note: impact might be low in cases of HOF as RLF Reports might not be needed
	High, RLF Reports support in UTRAN needed
Note: impact might be low in cases of HOF as RLF Reports might not be needed 
	Low
	High

	Solution 1b.2-3  Failure report in UTRAN or LTE
	High, UE to decide to flag RLF Report depending on reconnecting RAT. RLF Reporting in UTRAN needed
	High, RLF Reports support in UTRAN needed
	Medium, new RIM procedures needed. 
New S1 procedure might be needed in case eNB receiving RLF report is not connected to target cell via X2
	Medium, in case of reconnection to GERAN efficiency is suboptimal

	
	
	
	
	


Note: The solutions efficiency represents a qualitative measure and needs to be studied in more details
6. Way Forward
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A mobility failure for a high speed UE can occur after successful HO preparation to CellB, for example due to: 


Failure to connect to CellB (e.g. failed RACH access or failed RRC Conn. Reconfig. Complete) 


Success in connecting to CellB but shortly after being subject to RLF


The UE reappears in CellA after the failure
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After HO preparation to CellB and due to high speed mobility UE can for example:


Fail connection to CellB (e.g. fail RACH access or fail RRC Conn. Reconfig. Complete) and successfully re-establish connection to Cell C


Succeed in connecting to CellB but shortly after be subject to RLF and re-establish connection to CellC 
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_1386679116.vsd

Black line is the original coverage boundary of PICO and orange line is cell range extension for Pico. UE which is connected to Macro1 is heading along the blue line and when it moves to the position of A, handover triggered and UE is handed over to the cell in Macro2.After successfully handover to the target, RLF happened immediately and UE initiate RRC Re-establishment towards the cell in Macro1.
According to current MRO mechanism, it is a typical Handover too early. However, when UE select the re-establishment cell, it is based on cell selection parameters which are not in accordance with handover parameters. In this case, present MRO mechanism may incorrectly regard HO to wrong cell as handover too early. 
To resolve the problem, some more information are  needed to be included in HO REPORT message, ensure the eNB could make accurate judgement on MRO issue and make proper optimization. 
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