3GPP TSG-RAN WG3 #75                                                                        R3-120097
Feb. 6 - 10, 2012
Dresden, Germany
Agenda Item:
11.1.2
Source: 
Fujitsu
Title: 
Radio link failure due to handover preparation failure
Document for:
Discussion
1 Introduction

In RAN3#74 meeting, it has been agreed to study with the highest priority the failure case scenarios for MRO for HetNet in intra RAT [1]. Moreover, regarding handling multiple reports from a single failure event, it has been capture in the CR [2] that

“In case the RRC re-establishment fails and the RRC connection setup succeeds, MRO evaluation of intra-LTE mobility connection failures may be triggered twice for the same failure event. In this case, only one failure event should be counted.”
In this contribution, we further discuss the RLF issue in HetNet scenarios, and propose solutions to identify the RLF INDICATION caused by the failed HO preparation.  
2  Scenario
An example scenario is illustrated in Fig. 1 (a), where a pico cell controlled by eNB B is deployed to overcome the coverage hole of eNB A. A UE currently served by eNB A is moving towards the pico cell, and the following events occur consecutively at different points:
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Fig. 1 Scenario and the signaling procedure
Point a: eNB A initiates HO preparation procedure upon the receipt of the measurement report from the UE. eNB A sends the HO REQUEST to eNB B, then receives the HO PREPARATION FAILURE with certain cause, e.g., “No Radio Resources Available in Target Cell”, “Handover Target not Allowed”.  Such case may be due to the following reasons:

· Inappropriate network planning: the coverage area of eNB B overcomes the coverage hole of eNB A. However, eNB B is not configured to cope with the dense UE distribution in the area.  
· Inappropriate coverage area setting: the coverage area of eNB B is set to be too large (e.g. it has to serve UEs even out of the coverage hole of eNB A) to have sufficient capacity for the UEs in its coverage area.
Point b: due to the HO preparation failure, eNB A has to continue severing the UE.  Finally, RLF occurs when UE enters the coverage hole of eNB A.  
Point c: after RLF, the UE starts the RRC re-establishment procedure (with some RLF related Information) with eNB B. eNB B rejects the request since it does not have this UE’s context. eNB B then forwards eNB A the RLF INDICATION without RLF-report.  
Point d: when the load becomes low, the UE can successfully connect to eNB B. Consequently, eNB B receives the RLF-report from the UE and then again forwards eNB A the RLF INDICATION with RLF-report. 
The message flow from Point a to Point d is shown in Fig. 1 (b). Based on current MRO scheme the eNB A considers this case a “too late HO” failure case. However, as discussed earlier this RLF is the consequence of the failed HO preparation procedure due to inappropriate network planning or inappropriate coverage area setting. The current HO parameter setting may or may not cause “too late HO”. Therefore the verdict of “too late HO” may be incorrect.    

3 Solutions

In order to identify the RLF that is caused by failed HO preparation, first of all the eNB need to detect the duplication of RLF INDICATION regarding the same failure. 
When eNB A receives the first RLF INDICATION received during the RRC connection re-establishment procedure, eNB A still has the UE’s context when receiving the first RLF INDICATION. Therefore, according to the C-RNTI included in the RLF INDICATION, eNB A can identify that such UE did not have any successful HO preparation procedure before, and ignore this RLF for MRO statistics. 
Observation:  the first RLF indication received during the RRC connection re-establishment procedure can be identified as the consequence of the failed HO preparation without any specification impact. 
However, for the second RLFINDICATION received during the fresh RRC connection setup, eNB A may not be able to identify that the RLF is caused by the failed HO preparation. It is due to that: a) in the RLF INDICATION, the included UE identification information is not sufficient for this purpose; b) eNB A may have released the UE’s context before receiving the RLF INDICATION. 
There are several solutions can be considered in order to identify whether or not the second RLF INDICATION is due to the failed HO preparation.
Solution A: C-RNTI based method

In this solution, two changes are introduced:

a) When handover preparation for a UE fails (i.e. each HO REQUEST for one UE has been rejected by receiving the HO PREPARATION FAILURE) eNB A records the C-RNTI of such UE, as shown in Fig. 2. 
b) In the RLF-report, the UE includes the C-RNTI used in eNB A. 
In Fig. 2, after fresh RRC connection setup, the UE sends the RLF-report with the C-RNTI used in eNB A (i.e., the one included in the first RLF INDICATION) to eNB B, and then eNB B sends the RLF INDICATION with received RLF-report to eNB A. Compared the C-RNTI in the RLF-report with the recorded one, the eNB A can identify that the RLF is caused by the failed HO preparation and then ignore it for MRO statistics. 
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Fig. 2 C-RNTI based method

Pros: this solution is simple since the impact to the specification is to add C-RNTI in RLF report. 
Cons: Since the fresh RRC connection may be setup after a long time, the C-RNTI used in eNB A may be reused by other UEs. Thus, the C-RNTI in the RLF report may be not uniquely assigned to the UE with failed HO preparation. In addition, the C-RNTI should be included in the RLF-report even if such RLF is not due to the failed HO preparation. Thus, such solution introduces extra overhead in the RLF-report. 
Solution B: ShortMAC-I based method
In this solution, two changes are introduced as well:
a) When handover preparation for a UE fails (i.e. each HO REQUEST for one UE has been rejected by receiving the HO PREPARATION FAILURE) eNB A will record the ShortMAC-I list retrieved from each HO REQUEST, as shown in Fig. 3. 
b) In the RLF-report, the UE includes the ShortMAC-I used in RRC re-establishment Request. 
In Fig. 3, after fresh RRC connection setup, the UE sends the RLF-report with the ShortMAC-I used in RRC connection re-establishment (i.e., the one included in the first RLF INDICATION) to eNB B, and then eNB B forwards the RLF INDICATION with the retrieved RLF-report to eNB A. If the ShortMAC-I in RLF-report matches the one in the recorded ShortMAC-I list, eNB A can identify that the RLF is caused by the failed HO preparation and then ignore it for MRO statistics.
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Fig. 3 ShortMAC-I based method
Pros: this solution is simple since the impact to the specification is to add ShortMAC-I in RLF report. Meanwhile, since the ShortMAC-I is the unique identification to the UE, the C-RNTI reuse issue does not exist. 

Cons: In this solution, the RLF caused by the failed HO preparation is not considered in the MRO statistics. However, the current HO parameters may result in the RLF due to, e.g., too late HO, too early HO, and HO to wrong cell, even if the overload status of the eNB B is resolved. Thus, when failed HO preparation occurs, the ShortMAC-I based solution may ignore the case that the current HO parameter setting can result in RLF. In addition, such solution introduces extra overhead, i.e., ShortMAC-I, in the RLF-report as the C-RNTI based solution. 
Solution C: HO preparation failure indication based method

In Solutions A & B, the RLF caused by the failed HO preparation is ignored when performing MRO statistics. However, such operation may miss the fact that the current HO parameter setting could result in RLF. To tackle this issue, HO preparation failure indication based method is proposed, which introduces two changes as well:
a) When handover preparation for a UE fails (i.e. each HO REQUEST for one UE is rejected by receiving the HO PREPARATION FAILURE) eNB A will send the HO preparation failure indication to the UE, as shown in Fig. 4.

b)  In the RLF-report, the new IE of HOPreparationFailureIndication is included if HO preparation failure indication is received. 
In Fig. 4, after fresh RRC connection setup, the UE sends the RLF-report with HOPreparationFailureIndication to eNB B, and then eNB B sends the RLF INDICATION with received RLF-report to eNB A. After that, the eNB A can identify the RLF caused by the failed HO preparation and then ignore it for MRO statistics.
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Fig. 4 HO failure indication based method

Pros: Such solution can be used to judge whether the current HO parameter setting can result in “too late HO” or not. Receiving HO preparation failure indication implies that the signal of the eNB A is good enough. In other words, as long as the eNB B has enough resource to accept the UE at that time, the HO command can be received by the UE as well. Thus, if the HO preparation failure indication is received, the “too late HO” is impossible. Ignoring the corresponding RLF INDICATION can avoid wrong statistic for “too late HO”. On the other hand, if the HO preparation failure indication is not received, the signal of eNB A is not good enough, and the verdict of “too late HO” can be made through the normal MRO procedure.  In addition, the HOPreparationFailureIndication is attached in the RLF-report only if the HO preparation failure indication is received. Thus, compared with Solutions A & B, the extra overhead in the RLF-reported is limited. 
Cons: In this solution, receiving the HO failure indication implies that the UE can receive the HO command if the overload status of eNB B is resolved. However, it cannot imply that whether the procedure after receiving HO command can be success or not. Thus, this solution cannot be used to differentiate too early HO and HO to wrong cell. 
4 Conclusion
In this paper, we discussed the RLF caused by the failed HO preparation and proposed that 
Proposal: RAN3 is kindly asked to consider the above solutions to identify the RLF INDICATION caused by the failed HO preparation.
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