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1   Introduction
As approved in Rel-12 SI on SON [1], the SON functions need to be enhanced for small cells in HetNet scenario. The HetNet scenario is very different to the traditional macro homogeneous scenario which makes the following behaviours after RLF or HOF different to the homogenous scenarios considered for MRO in previous releases.

In [2], Fujitsu discussed the possible behaviours during or after the RRC re-establishment following a RLF or HOF, and proposal was made to refine the RLF Report from the UE, to make the MRO detection in the source cell more reasonable. 

In this contribution, we add some more aspects to the scenario and propose an alternative solution without any UE impact.

2   Discussion
2.1   Typical radio situations in HetNet

Typical situation 1: more complex coverage

In HetNet, because of many small cells involved, it gives many target candidates for handover, since the coverage of small cell at some handover region is not stable enough, in many cases during a macro to pico handover other cells could be more suitable, and if this ongoing handover fails other cells will be select for RRC re-establish, as given in the Case 1-1 in Fig.1. On the other handover, in many times although the small cells were not selected as target, the existence of them will give more interference to the passing by handover UEs and increase the risk of failure, while for the RRC re-establishment after the failure, the existence of these small cells gives more candidates can be selected by the UE, as given in the Case 1-2 in Fig.1. In both these examples, UE is handed over from A to B where RLF occurs and the UE re-establishes in C. 
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Fig. 1 Complex coverage for handovers in HetNet

In both cases in Fig.1, the UE will both select a cell which doesn’t have the UE context during the RRC re-establishment procedure. So in HetNet, the lack of UE context for RRC re-establishment is more common than macro homogeneous network.

Typical situation 2: more complex uplink interference situation

In HetNet, because of more dense deployment of cells, uplink situation also becomes more complex. Firstly, small cells will suffer totally different uplink interference depending on where it is deployed, for some case as Case 2-1 in Fig.2, cell B will suffer much higher uplink interference because of the surrounding high power macro UEs; on the other hand, in Case 2-2 of Fig.2 the macro cells themselves will also suffer higher interference by addition of small cell users. 
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Fig. 2 Higher uplink interference for handovers in HetNet

So in HetNet, the risk for a failed RRC re-establishment due to radio reasons is more likely, and can be due to both uplink and downlink. However when selecting a suitable cell in the RRC re-establish procedure, only the downlink RSRP and RSRQ are considered. 

2.2   RRC re-establishment in HetNet

In the HetNet scenario, Let’s assume the source cell in which the RLF was occur is cell A, the selected cell for RRC re-establish is cell B, and the cell which UE connected again after RRC re-establish failure is cell C. The most common cases for the RRC re-establish outcomes after the failure are:

· Case 1: RRC re-establish succeeded, RLF Indication was generated in the re-established cell B;

· Case 2: No suitable cell was selected during T311, UE turned to idle and connected to another cell C, RLF Indication was generated in cell C;

· Case 3: RRC re-establishment cell B was selected and RRCConnectionReestablishment message received by network, but the re-establishment was not succeeded due to downlink problems, cell B is included in RLF Report message. UE turned to idle and connected to another cell C, RLF Indication is generated both cell B and cell C; 
· Case 4: RRC re- establishment cell B was selected, but the RRCConnectionReestablishment was not received due to uplink problems, cell B is included in RLF Report message. UE turn to idle and connected to another cell C, RLF Indication was generated in cell C;
· Case 5: RRC re- establishment cell B was selected, but the re-establishment was not succeeded due to “no UE context”, cell B is included in RLF Report message. UE turned to idle and connected to another cell C, RLF Indication was generated in both cell B and cell C;

The difference between case 3, 4 and 5 are due to the underlying problem during RRC re-establishment. In case 5, the problem is not related to the radio environment. The rejection is caused by the lack of context, and although cell C is selected for RRC connection setup, cell B may be a suitable handover candidate. In scenario 3 and 4, the problem is radio related and hence may indicate that cell B is not suitable for handover. Therefore, we believe that it is important to distinguish between these cases.

2.3   Information available in source cell

We can conclude that for the different cases, the information currently available cannot uniquely identify each case, as listed in the table below. Note especially that it is currently not possible to distinguish between case 3 and 5.

	　
	ReestablishmentCellId exists or not
	RLF Indication from

	Case 1
	Yes
	B

	Case 2
	No
	C

	Case 3
	Yes
	B and C

	Case 4
	Yes
	C

	Case 5
	Yes
	B and C


3    Solution

One possible solution to identify the problem is described in [2] by including the re-establishment failure cause in the RLF report from the UE. 

	Another possible solution is to solve this without any UE impact by including the information of the outcome of the RRC re-establishment in the RLF indication triggered at RRC re-establishment. 

　
	ReestablishmentCellId exists or not
	RLF Indication from
	Re-establishment outcome

	Case 1
	Yes
	B
	Succesful

	Case 2
	No
	C
	N/A

	Case 3
	Yes
	B and C
	Failed

	Case 4
	Yes
	C
	Failed

	Case 5
	Yes
	B and C
	Rejected


The possible drawback of this solution would be that we require that the RLF indication triggered from the RRC re-establishment must be combined with the RLF report triggered at the RRC connection setup. This combination would be possible according to the current specification, since the C-RNTI is provided in both RLF indications. The benefit is that this solution has no UE impact.
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