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1. Introduction
In last RAN3 meeting, IRAT pingpong solution was discussed, and the way forward[1] was agreed. In the pingpong solution, step 1 is based on UE History information enhanced with HO cause, and possible additional pingpong indication over X2. However, for step 2, whether enhancement on present stage 2&3 specification is needed is still FFS. This contribution makes analysis on step 2 mechanism, and gives proposals accordingly.
2. Discussion
2.1. Analysis on the need of modification on current stage 2&3 specification
Based on the present agreement on the IRAT pingpong two-step mechanism, the IRAT measurement in step 2 is initiated by the source LTE eNB, reusing the IRATmeasurement configuration. In Rel-10,IRAT unnecessary HO detection is supported and new measurement configuration is included in Handover request message. A timer is contained in the IRAT Measurement Configuration, which specifies the measurement time period. 
Under the IRAT pingpong scenario, the timer should be the pingpong detection timer, which has different meaning and usage from that of IRAT unnecessary handover detection.

Here, we would like to analyze if IRAT pingpong detection could be realized without modification on stage2&3 specification.
After UE is transferred from LTE to UTRAN, there might be two cases,

a) the staying time in UTRAN is shorter than the pingpong timer. 

b) the staying time in UTRAN is longer than the pingpong timer. 

In case a, according to present specification, if measurement time period is interrupted by inter-RAT handover, RNC would not trigger HO REPORT to send the measurement result back. However, these results are needed for root cause analysis on pingpong handover and thereby the current mechanism could not support inter-RAT pingpong detection in this scenario.
In case b, if the LTE measurement results collected by UE exceed the threshold during the measurement period, RNC would send HO REPORT to the source eNB, notifying the problem cause as ‘unnecessary IRAT HO’. However, for inter-RAT pingpong detection, since the stay time in UTRAN is longer than pingpong timer, this handover doesn’t be considered as an inter-RAT  pingpong handover, which means the measurement results are not needed for pingpong algorithm. Thereby, triggering of HO REPORT is neither necessary nor beneficial in this case. 

From the above analysis, it could be seen that IRAT pingpong detection could not be realized by the current stage 2&3 specifications
Proposal 1. To support inter-RAT pingpong detection, current stage 2&3 specifications need enhancement and modification.
2.2. Solutions on step 2
To support inter-RAT pingpong detection,a new pingpong timer or indicator needs to be added in the IRAT measurement configuration. If the pingpong indication is adopted, its presence indicates that this measurement is used for pingpong analysis, and the timer contained in IRAT Measurement Configuration denotes pingpong detection time.

The mechanism is as follows, 

· If stay time in UTRAN is longer than the measurement timer, no matter what the LTE signal strength/quality during the measurement period, the RNC need not transfer the measurement result to LTE in any case . 

· If stay time is shorter than the specified timer, and LTE signal strength/quality exceeds the threshold during stay time, the measurement results including the candidate LTE cell list could be transferred to LTE network. 
There are two alternatives to transfer measurement results from UTRAN to LTE.

Alt 1.  Via RIM message, i.e. current HO REPORT signaling message is reused to send IRAT pingpong measurement result. The flowchart of this alternative is at below.
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Figure 1.  Signaling flow of Alternative 1

Alt 2.  Via Handover Request message, i.e. the candidate LTE cells are piggybacked during second IRAT handover preparation to target LTE eNB, and if needed, transferred to the eNB starting pingpong handover via X2.
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Figure 2.  Signaling flow of Alternative 2

Here we would like to compare from the following aspects
1) Specification modification

For both Alt 1 and Alt 2, to support inter-RAT pingpong measurement, source eNB need to configure inter-RAT pingpong timer and inter-RAT pingpong check indication to target RNC.

In Alt 1,since the target RNC use RIM message to inform source eNB of the inter-RAT pingpong event, it need to modify the RIM message to support this indication.

In Alt 2, it is eNB to decide if it is really an inter-RAT pingpong, so the measurement result i.e. the candidate LTE cell which satisfy the threshold need to be piggyback in UE history information. Besides, the eNB may need to transfer the information over X2 interface. Considering that in step 1, we have decided to use UE history information to piggyback the HO cause and send inter-RAT pingpong indicator over X2,it is not a big issue to make some enhancement based on this.
2) Signalling impact

From the above figure, it could be seen that in Alt 1, there will be two inter-RAT pingpong indications for one inter-RAT pingpong event. One is sent from UTRAN through RIM message, and the other is sent from eNB through X2 message. Obviously, there is information redundancy in this solution. While for Alt2, only one X2 message may be triggered.

Also, as we know, the RIM messages should be used as little as possible. For pingpong handover optimisation, the network need to select many UEs to perform the IRAT measurement for the root cause analysis, so Alt 1 may put more burdens on core network. Contrarily, Alt 2 can save the signalling, not only RIM but also X2 interface. e.g. if the target cell of second IRAT handover is controlled by the same eNB as the source eNB of first handover, no additional X2 signalling is needed to transfer IRAT measurement results. 

3) Accuracy

In Alt 1, it is RNC to trigger the HO REPORT including the candidate cells. However, RNC cannot distinguish the case that RLF happened quickly after UE is handed over to eNB (which is indeed an inter-RAT too early event) from the inter-RAT pingpong. As a result, for Alt 1, some IRAT too early handover events may be regarded as IRAT pingpong, and the candidate LTE cells collected in this case are not appropriate for IRAT pingpong optimisation.
For Alt 2, the X2 signalling including measurement results is triggered by the target eNB of second IRAT handover, same as step one, so there will be no confusion, and the provided candidate LTE cells are that expected.

Table.  Comparison of two alternatives 
	
	Alt 1
	Alt 2

	Need modification on current specification
	Yes
	Yes

	RIM message needed
	Yes
	No

	Is there information redundancy which means receiving two indication for one inter-RAT pingpong
	Yes
	No

	Accuracy
	Medium (May regard  inter-RAT too early as inter-rat pingpong )
	good


Based on above analysis, we think alt 2 has more advantage than alt 1 and we prefer Alt 2.
Proposal 2.  A new pingpong timer or indicator should be added in the IRAT measurement configuration, and candidate LTE cells should be transferred to the target node during handover preparation procedure, and further transferred via X2 if needed.
3. Proposal
This paper analyzes the step 2 of the IRAT pingpong solution, and puts forward the following proposal 
Proposal 1. To support inter-RAT pingpong detection, current stage 2&3 specifications need enhancement and modification.

Proposal 2.  A new pingpong timer or indicator should be added in the IRAT measurement configuration, and candidate LTE cells should be transferred to the target node during handover preparation procedure, and further transferred via X2 if needed.
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