3GPP TSG-RAN WG3 #76
R3-121295
Prague, Czech Republic, 21 – 25 May 2012
Agenda Item:
11.3
Source: 
Ericsson 

Title:  
Way forward for I-RAT Ping Pong avoidance
Document for:
Discussion, decision
1. Introduction

In RAN3#75bis detection and root cause analysis of IRAT ping-pong handover were discussed. The definition of IRAT Ping Pong as agreed in RP-120314 is as follows:

Inter-RAT ping-pong resolution: 
A UE is handed over from a source cell in a source RAT (A) to a target cell in a target RAT (B) different from the source RAT, and where the UE is being handed over back to a cell in the source RAT (A) within a “definable limited time”. Also, if the UE stays at the target RAT still within the “definable limited time”, but passes through more than one cell before returning to the source RAT, should also be considered as an inter-RAT ping-pong. The detection is always in the cell of the same RAT as the cell where the correction should be made: at 3G, when the UE returns from LTE, the problem can be detected at the RNC; at LTE, the UE may return to other cell that the one that started the ping-pong, but within the “definable limited time” the UE is expected to return to an eNB connected to the source eNB via X2.

This contribution discusses the IRAT ping-pong problem and proposes a solution with minimum impact on current specifications.
2. Problem Description

A handover from a source RAT (A) to a target RAT (B) and then back to the source RAT (A) within a limited time could occur due to different reasons. One reason could be that the UE moves out of coverage of the source RAT during a short time, but then moves in to the coverage area of the source RAT (A) again, as illustrated in Figure 1. In this case the ping-pong handover is necessary in order to avoid connection failures, and no action should be taken.
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Figure 1. Example scenario where a ping-pong handover is needed in order to avoid drop
In another case, illustrated in Figure 2, the UE may be handed over from the source RAT (A) to the target RAT (B) and then back to the source RAT (A) within a limited time, even though the UE never leaves the coverage area of the source RAT (A). This is done due to badly configured IRAT handover parameters
, and is the typical case to aim for detecting in the IRAT ping-pong handover resolution.
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Figure 2. Example scenario where the ping-pong handover could have been avoided

3. Analysis and Possible Solutions
A number of different solutions have earlier been discussed in RAN3 and were described in [1]. Out of these solutions three address the LTE-3G-LTE ping pong scenario, while one addresses the 3G-LTE-3G scenario. However, in the spirit of minimising the impact on current specifications, higher priority could be given to the LTE-3G-LTE scenario. This can be justified for the reasons below:

1) A ping pong event is typically a phenomenon that does not involve only two handovers but more than two. It appears unlikely that corrective actions would be triggered if only two handovers between two RATs are performed. Therefore, it is likely that any 3G-LTE-3G ping pong will be followed by an LTE-3G-LTE ping pong.

2) The assumption is that there is only one RNC involved in the ping pong event. Therefore in the 3G-LTE-3G case it is already to a certain extend possible to allow an RNC to apply corrections to its own settings by means of RNC internal analysis

3) The unnecessary IRAT handover avoidance feature seems to be needed in all of the solutions addressing the LTE-3G-LTE case. This feature is triggered in LTE and it would be modified for support of ping pong detection. Therefore, tackling the LTE-3G-LTE case gives the advantage of solving the ping pong problem in both IRAT scenarios because the LTE and 3G networks would know of the use and outcome of the unnecessary IRAT handover function for the purpose of detecting IRAT ping pong. On the basis of this both RATs could take corrective measures.
The following is therefore proposed:

Proposal 1: It is proposed to only address the case of LTE-2G/3G-LTE ping pong and to leave resolution of the 3G/2G-LTE-2G/3G case either to implementation (i.e. detection and resolution internal to source RNS) or as a consequence of addressing the LTE-2G/3G-LTE case.
As discussed above, the IRAT ping-pong handover resolution should be able to differentiate between an IRAT ping-pong handover needed in order to avoid connection failures and an IRAT ping-pong handover due to badly configured IRAT handover parameters. In order to do so, IRAT measurements could be used in order to verify whether source RAT coverage is still available during the time the UE is connected to the target RAT. It should however be noted that IRAT measurements should not be performed all the time, since they require that the UE stops listening to the RAT it is connected to while measuring on the other RAT. A more efficient solution would be to only activate the IRAT measurements in case a certain amount of ping-pong occurrences are monitored and badly configured IRAT handover parameters cannot be ruled out as the reason. A two-step solution has been agreed in [1]:
Step1:
Collect statistics regarding ping pong occurrences in order to identify problematic areas without the need of any additional IRAT UE measurements.
Step2: 
Perform detailed root cause analysis for the detected problem areas, in order to find IRAT ping-pong handover occurrences due to badly configured IRAT handover parameter settings.
Step 1 could be done by using the UE history, as described in solution 1or 3 of [1]. 
However, these solutions rely on coordination of a Ping Pong timer (i.e. the time window within which two consecutive handovers need to occur for the event to be classified as potential ping pong) across all the eNBs in the LTE network. Namely, when the UE returns from 3G to LTE the target eNB will decide (based on UE History Information) whether a ping pong event occurred. Such decision is based on some configured timer. This timer may not be the same as the one configured in the source eNB, especially if the deployment is multi-vendor. 

To obviate this problem solution 2 of [1] (also described in [2]) proposes that the source eNB performs as per Figure 3:

Step 1: eNB1 sends a Ping Pong timer to target RNC as part of the X2: HANDOVER REQUIRED message (this does not imply configuration of IRAT measurements in target RAT). 
Step 2/3: If a handover from RNC back to LTE is monitored within the Ping Pong timer, the RNC can trigger Step 4.

Step 4: RNC sends back a HO Report message (via RIM) including an indication of potential Ping Pong occurrence. Such indication could simply be achieved via a new HO Type (e.g. “Potential Ping Pong”) value in the HO Report IE, while avoiding sending IRAT measurements, or it could be achieved by setting an existing/reusable HO Type and by not including measurements in the HO Report IE. 

This process covers Step 1 in [1].
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Figure 3: Step 1 - Detection of Potential I-RAT Ping Pong events in Solution 2 of [1]

For Step 2 described in [1], solutions 1, 2, 2a or 3 could be used. While 1, 2a and 3 rely on a new X2 procedure to be specified, solution 2 does not bear any impact on X2, but instead uses existing procedures for unnecessary IRAT handover avoidance, where the information already existing in the  HO Report IE are reused with the only addition of a new “ping pong indicator”.
Namely, solution 2 of [1] proposes a behaviour in line with Figure 4. 
Step 1: after a number of potential IRAT Ping Pong handovers (via procedures in Figure 3) the source LTE configures IRAT measurements as part of the unnecessary IRAT handover avoidance function. Such measurements are essential to validate whether the IRAT Ping Pong can be corrected or not.  
Step 2: A handover to LTE may occur within the IRAT measurement window, which implies the occurrence of IRAT Ping Pong 

Step 3: If the results of UE IRAT measurements during UE permanence in 3G confirm that the Ping Pong was avoidable, such results will be reported as per unnecessary IRAT Handover avoidance procedure in Step 4 
Step 4: IRAT measurement results are reported together with a new Ping Pong Indication as part of the HO Report IE (i.e. HO Type = Ping Pong). 
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Figure 4: Step 2 – Validation of IRAT Ping Pong event in Solution 2 of [1]

In summary, the intention of the two steps described above for Solution 2 of [1] is that of minimising the impact on existing interfaces and avoid introducing any new procedures e.g. over X2. The objective is also to ensure that the results received at a source eNB are consistent with its evaluation criteria (e.g. Ping Pong detection timer). The latter is a good principle to follow in order to avoid interoperability problems in a multi-vendor deployment.
4. Proposals

It is proposed to follow the two steps solutions as per description in Section 3. Namely the two steps can be summarised as follows:
Step 1: Enhance the Source RNC to Target RNC Transparent Container IE with a new Ping Pong Detection Timer IE. If a potential IRAT Ping Pong event is detected, indicate it via a new HO Type IE value (or new IE) in HO Report. No IRAT measurements need to be configured.
Sep 2: If the number of potential IRAT Ping Pong events detected exceeds preconfigured limits, use the IRAT Measurement Configuration IE to configure IRAT measurement in 3G and use the Ping Pong Detection Timer IE to set the reporting criteria. Target RNC can then report whether measurements are fulfilled or not together with the new HO Type value set to “Ping Pong”.
5. Conclusions
In this paper a solution approach for IRAT Ping Pong avoidance was presented.  The solution approach focuses on avoiding new procedures on interfaces like the X2 and ensure minimum interoperability problems in a multi-vendor deployment.
The solution consists of two steps, as per recommendation captured in [1]. It is proposed to agree on the two step approach described Section 4 as the way forward to follow in RAN3.
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4. RIM Request Transfer (HO Report (HO Type == Potential Ping Pong))
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� Note that in case the RAT B in the example is the preferred one, and the coverage of the RAT B is limited to cell B1, a ping-pong handover could be wanted in order for the UE to be connected to the prioritized RAT when possible. However in this example we assume RAT A to be the preferred one, and RAT B coverage to be available over the whole area, while RAT A coverage is limited to coverage islands, such as the area of cell A1 and A2.





