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1 Introduction
The WID for SON in R10 [1] describes MRO as one of the use cases for inter-RAT SON. During meeting #69 RAN WG3 agreed to include unnecessary inter-RAT handover as one of the problems to consider in inter-RAT MRO Rel 10, see [2]. Moreover, it was also agreed to use UE measurements on the source RAT, performed after IRAT handover, for detecting unnecessary inter-RAT handovers [2]. Unnecessary inter-RAT handovers are also referred as “Too early inter-RAT handovers with no radio link failure”, see section 2.1.
This paper provides details on two different solutions for detection of too early inter-RAT handover with no RLF, by means of UE measurements performed after the inter-RAT handover.
2 Discussion

2.1 Inter-RAT Handover
Inter-RAT handover in EUTRAN is typically triggered based on event B2 (Serving becomes worse than threshold1 and inter RAT neighbor becomes better than threshold2) defined in [3] or similar events using a threshold on the serving cell (threshold1) and/or a threshold on the inter-RAT neighbor (threshold2). Unlike in intra-LTE handover, these are absolute thresholds and the signal levels of the source cell and the target cell are not compared against each other.
A simplified chain of events needed for IRAT handover triggering from EUTRAN to UTRAN is given below.

1. UE is connected to EUTRAN
2. UE detects bad coverage of EUTRAN, using one or more threshold(s) given by the EUTRAN network.

3. UE starts measuring in order to find other RAT(s), based on the threshold(s) provided by the EUTRAN network.
4. UE finds an UTRAN network with good coverage 

5. UE reports UTRAN measurement to EUTRAN network

6. EUTRAN network commands the UE to handover to UTRAN after successful HO preparation 
7. UE connects to UTRAN network

8. UE sends handover confirm message to UTRAN network

Figure 1 represents a high level flow chart of a regular IRAT handover process.


[image: image1.emf] 

EUTRAN

UE UTRAN

Measure UTRAN

Bad Coverage EUTRAN

Ho command

Meas report

Trigger IRAT HO

UE connected to UTRAN

Ho confirm

IRAT HO Preparation

IRAT HO Response

Good Coverage UTRAN

EUTRAN

UE UTRAN

Measure UTRAN

Bad Coverage EUTRAN

Ho command

Meas report

Trigger IRAT HO

UE connected to UTRAN

Ho confirm

IRAT HO Preparation

IRAT HO Response

Good Coverage UTRAN


Figure 1: High level flow chart of IRAT handover from EUTRAN to UTRAN
In case the threshold1 described above is set too high, and a lower priority RAT with good signal strength is available, a handover to a lower priority RAT may be triggered unnecessarily, resulting on an inefficient use of the networks, see [2]. Note that the UE will not naturally return to the source RAT even if it has higher priority unless bad coverage is detected in the serving, lower priority, RAT. With a lower threshold the UE could have continued in the high priority RAT without problems. 
Note that focus of earlier MRO discussions in 3GPP has been on RLF. Therefore this case of too early handover (unnecessary handover, see [2]) where the problem is not RLF, but rather a non-optimal use of network resources, is referred to as too early inter-RAT handover with no RLF.
This contribution provides two different alternatives for detection of too early inter-RAT handover with no RLF, by means of UE measurements performed after the inter-RAT handover.

2.2 Detecting too early inter-RAT handover with no RLF
The following sub-sections cover two different solutions that can be used by an EUTRAN eNodeB in order to detect a too early inter-RAT handover with no RLF towards UTRAN using the existing interfaces between the two RATs. The solutions could also be extended to include other legacy RATs, like GERAN.
The detection of too early IRAT handover with no RLF, is to be executed by request from the EUTRAN eNodeB (for instance by including a measurement request indicator within a measurement configuration field in the IRAT HO request). If the eNodeB does not request information about too early inter-RAT handover with no RLF the IRAT handover procedure will work as usual and no IRAT measurements are performed after connection to UTRAN.
In the presented solutions the sequence starts with the successful performance of IRAT handover procedure plus the additional steps needed to detect a too early IRAT handover with no RLF. The added steps are highlighted in bold letters in the text or in green colour in the figures. 
In section 2.4 the advantages and disadvantages of the proposed solutions are discussed.

2.2.1  Solution 1. Backwards measurement reporting

1. UE is connected to EUTRAN.

2. UE detects bad coverage of EUTRAN, using one or more threshold(s) given by the EUTRAN network.

3. UE starts measuring in order to find other RAT(s), based on the threshold(s) provided by the EUTRAN network.
4. UE finds an UTRAN network with good coverage.

5. UE reports UTRAN measurement to EUTRAN network.

6. EUTRAN network commands the UE to handover to UTRAN after successful HO preparation. A measurement configuration field may be added to the handover preparation procedure which specifies the measurement request and configuration (e.g. timer T). 
7. UE connects to UTRAN network.

8. UE is instructed to continue measuring EUTRAN after connected to UTRAN during a period of time T.

9. UE sends periodic or single measurement reports to UTRAN network. 
10. UTRAN forwards the measurement report received from the UE to E-UTRAN where proper actions are taken if a problem is detected.

11. UE stops measuring and/or reporting after the given time T provided in the measurement configuration included in the handover request message.

The following diagram represents the above described solution in a flow chart.
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Figure 2: Simplified diagram for detection of too early IRAT handover with no RLF, solution 1 (backwards measurement reporting)

The backwards measurements received in EUTRAN can then be compared against one or more coverage/quality threshold(s) in the EUTRAN eNodeB. If the measured signal strength/quality of EUTRAN fulfils a coverage/quality condition based on the coverage/quality threshold(s) after the IRAT HO, then that IRAT HO is accounted as “too early”. 
2.2.2  Solution 2. Too early IRAT HO with no RLF indication

On a second alternative the procedure is similar. The addition is that EUTRAN sends a coverage/quality condition to UTRAN, possibly within a measurement configuration field included during handover preparation, so that UTRAN can evaluate the received measurement reports with the coverage/quality condition and inform EUTRAN of whether the IRAT HO was triggered too early via a message on the transport network.
1. UE is connected to EUTRAN.

2. UE detects bad coverage of EUTRAN, using one or more threshold(s) given by the EUTRAN network.

3. UE starts measuring in order to find other RAT(s), based on threshold(s) provided by the network
4. UE finds a UTRAN with good coverage.

5. UE reports UTRAN measurement to EUTRAN network.

6. EUTRAN network commands the UE to handover to UTRAN after successful HO preparation The HO preparation procedure may include a measurement configuration field which contains a coverage/quality threshold for EUTRAN, an evaluation condition and a timer T.
7. UE connects to UTRAN network.

After successful IRAT HO and continued IRAT measurements, UTRAN performs an analysis of the measurement report. In case the signal strength/quality measurement of EUTRAN fulfils the given coverage/quality condition, UTRAN informs EUTRAN that the triggered IRAT HO was triggered to early via a message sent via the transport network.

For the second alternative solution, the list above continues with the following events (steps 8-11).

8. UE is instructed to continue measuring EUTRAN after connected to UTRAN during a period of time T included in the measurement configuration field.

9. UE sends periodic or single measurement reports to UTRAN network. 

10. If the coverage/quality level of EUTRAN fulfils the coverage/quality condition, based on the coverage/quality threshold(s),  a too early IRAT HO indication is sent from UTRAN to EUTRAN
11. UE stops measuring and/or reporting after the given time T provided by the network.
The following diagram represents the second alternative explained above in a flow chart. The receiving node in EUTRAN is the same node that originated the first IRAT HO.
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Figure 3: Simplified diagram for too early IRAT handover detection, solution 2 (Too early IRAT HO with no RLF indication)

Once the too early IRAT HO with no RLF report is received by the eNodeB that originated the first HO, the IRAT HO is classified and accounted as “too early IRAT HO with no RLF”.
2.3 Signaling Aspects

Both solutions for detecting too early IRAT HO with no RLF require addition of new signaling and present the same signaling requirements:

· A measurement configuration indicator from E-UTRAN to UTRAN or GERAN to indicate that the UE should be instructed to continue measuring E-UTRAN cells after the successful IRAT HO. In solution 1, this measurement configuration may specify the measurement request and configuration (e.g. timer T), and for solution 2 this measurement configuration may specify the threshold used by UTRAN or GERAN to evaluate against the measurement reports it will receive from the UE, the evaluation condition to be used so that UTRAN knows how to use the threshold, and a timer T.
· A report from UTRAN or GERAN to E-UTRAN. In solution 1, it is the measurement report itself, and in solution 2, it is the report that shows the detection of too early IRAT HO with no RLF.

The first piece of information can be piggybacked into existing signaling during the handover preparation phase for both alternatives-

Regarding the report from UTRAN to E-UTRAN, there are two alternatives:

1. RIM based solution. A new RIM application similar to the one adopted for load information exchange would be needed.

2. Non-RIM based MME Direct Information Transfer. It would be necessary to define new containers other than RIM and corresponding functionalities to enable the transparent transfer to eNB.
3. Inclusion of reports in subsequent HO signaling from E-UTRAN to UTRAN in the reply direction, or HO signaling from UTRAN to E-UTRAN in the request direction.

Pros and cons of the two abovementioned alternatives are shown in the table below:

	
	Pros
	Cons

	RIM based solution
	Aligned with MLB solution
	Cons inherited from RIM protocol



	Direct Transfer (non RIM) based solution
	Standardised by RAN3, flexible coding
	 MLB and MRO require two different procedures

	Backwards HO signalling
	Uses existing procedures

Does not increase signaling load more than what is needed for mobility itself
	Requires storing information at UTRAN until a HO becomes necessary


2.4 Conclusions
2.4.1
Technical Solutions

The first solution presented is the most straight forward solution for detecting too early IRAT handover with no RLF. However, it requires extra signalling for each of the measurements performed after the connection to the target RAT.
With the second solution the signalling is reduced and as the evaluation of the measurements is performed in UTRAN.
2.4.2
Signaling Aspects
The discussion of signaling solutions focuses on the choice of the most appropriate signaling support for the reporting of too early IRAT HO with no RLF. RIM based solution is more aligned with MLB solutions already in place today,  but both extending the usage of the Direct Transfer procedures outside RIM and re-using the actual IRAT HO signaling (E-UTRAN to UTRAN or UTRAN to E-UTRAN) could be considered.

3
Proposal

From the discussion above, RAN3 is kindly asked to discuss and agree on the following:
Proposal 1)
To approve one of the presented technical solutions for detection of too early IRAT HO with no RLF
Proposal 2)
To approve a measurement configuration field should be piggybacked into the Handover Preparation  procedure to enable UEs to continue measuring E-UTRAN cells after successful IRAT HO.

Proposal 3)
To approve one of the presented signaling solutions for detection of too early IRAT HO with no RLF and to investigate the possible extensions other groups may need to provide for the chosen solution.
4
References

[1] RP-100375, Nokia Siemens Networks, “New WID proposal: LTE Self Optimizing Networks (SON) enhancements - Core Part,” 3GPP TSG RAN Meeting #47, Vienna, Austria, 16 - 19 Mar 2010.
[2] R3-102205, Ericsson,  “Inter-RAT MRO - Ping-Pong and Unnecessary Handover” 3GPP TSG-RAN WG3 #69, Madrid, Spain, 23rd -27th August 2010.
[3] 3GPP TS 36.331 V9.3.0 (2010-06), Technical Specification, 3rd Generation Partnership Project; Technical Specification Group Radio Access Network; Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource Control (RRC); Protocol specification (Release 9)














































6/8
2010-10-01

_1347477579.doc
[image: image1.emf]Stop measuring EUTRAN


Continue 


IRAT 


meas 


during T


EUTRAN


UE UTRAN


Ho command


Meas report


Trigger IRAT HO


UE connected to UTRAN


Measure EUTRAN


Meas report


HO confirm


Ho command


Meas report


Backwards measurement


IRAT HO Preparation + 


Measurement config


IRAT HO Response


Measure UTRAN


Bad Coverage EUTRAN


Good Coverage UTRAN


Meas report


Backwards measurement


Stop measuring EUTRAN


Continue 


IRAT 


meas 


during T


EUTRAN


UE UTRAN


Ho command


Meas report


Trigger IRAT HO


UE connected to UTRAN


Measure EUTRAN


Meas report


HO confirm


Ho command


Meas report


Backwards measurement


IRAT HO Preparation + 


Measurement config


IRAT HO Response


Measure UTRAN


Bad Coverage EUTRAN


Good Coverage UTRAN


Meas report


Backwards measurement


EUTRAN


UE UTRAN


Ho command


Meas report


Trigger IRAT HO


UE connected to UTRAN


Measure EUTRAN


Meas report


HO confirm


Ho command


Meas report


Backwards measurement


IRAT HO Preparation + 


Measurement config


IRAT HO Response


Measure UTRAN


Bad Coverage EUTRAN


Good Coverage UTRAN


Meas report


Backwards measurement





_1347477785.doc
[image: image1.emf]EUTRAN


UE UTRAN


Measure UTRAN


Bad Coverage EUTRAN


Ho command


Meas report


Trigger IRAT HO


UE connected to UTRAN


Measure EUTRAN


Meas report


HO confirm


Too early IRAT HO


Continue 


IRAT 


meas 


during 


time T


If EUTRAN shows good coverage 


 Report too early IRAT HO


IRAT HO Preparation


(+ cov/Q threshold)


IRAT HO Response


Good Coverage UTRAN


Meas report


EUTRAN


UE UTRAN


Measure UTRAN


Bad Coverage EUTRAN


Ho command


Meas report


Trigger IRAT HO


UE connected to UTRAN


Measure EUTRAN


Meas report


HO confirm


Too early IRAT HO


Continue 


IRAT 


meas 


during 


time T


If EUTRAN shows good coverage 


 Report too early IRAT HO


IRAT HO Preparation


(+ cov/Q threshold)


IRAT HO Response


Good Coverage UTRAN


Meas report





_1347477488.doc
[image: image1.emf]EUTRAN


UE UTRAN


Measure UTRAN


Bad Coverage EUTRAN


Ho command


Meas report


Trigger IRAT HO


UE connected to UTRAN


Ho confirm


IRAT HO Preparation


IRAT HO Response


Good Coverage UTRAN


EUTRAN


UE UTRAN


Measure UTRAN


Bad Coverage EUTRAN


Ho command


Meas report


Trigger IRAT HO


UE connected to UTRAN


Ho confirm


IRAT HO Preparation


IRAT HO Response


Good Coverage UTRAN





