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1 Introduction
This contribution deals with mechanisms to recover from RLF in HeNet environments with pico cells.

Firstly, handover procedure and RLF recovery in current spec. are reviewed and the potential problems related to RLF recovery are described. 
Secondly, two solutions (MPM: Multiple Preparation Method, CFM: Context Fetch Method) are described to settle the potential issues in current spec. and impacts on each solution are reviewed.

Finally, we put forth our point of view related to improved recovery from RLF in HetNet environments.
2 Discussion
2.1 Potential issues
Figure 1 shows the typical handover procedure [1][2] when a UE move from cell A to cell B. The possibility of RLF recovery is closely connected with the handover procedure. Table 1 presents that the possibility of RLF recovery to each cell is based on Step A and B depicted in the left side of Figure 1.
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Figure 1: Handover procedure from cell A to cell B
Considering Figure 1 as well as Table 1, the current spec. supports RLF recovery only to a specific cell. Also, it can temporarily allow RLF recovery up to two cells (e.g. cell A, cell B) during the period (Step A thru Step B) to maintain mutual UE context information in each cell (i.e. Step A thru Step B of Figure 1). 
Table 1: The possibility of RLF recovery in handover procedure
	
	RLF recovery to cell A
	RLF recovery to cell B
	RLF recovery to cell C

	before Step A
	Possible
(prepared cell)
	Impossible
(unprepared cell)
	Impossible
(unprepared cell)

	Step A ~ Step B
	Possible
(prepared cell)
	Possible
(prepared cell)
	Impossible
(unprepared cell)

	after Step B
	Impossible
(unprepared cell)
	Possible
(prepared cell)
	Impossible
(unprepared cell)


Note. Where, prepared cell means that the corresponding UE context information for UE's RLF recovery exists.
However, it cannot provide RLF recovery more than two cells. In other words, the spec has a capability of supporting RLF recovery only two cells for a short period of time. If we confirm that the occurrences of RLF recovery to unprepared cells are increased in HetNet environment and the current countermeasures for them are not sufficient, improvements of RLF recovery shall be reviewed.
2.2 Solutions for enhanced RLF recovery
In this section, two solutions are described to solve the potential problems of current spec. depicted in 2.1. One is MPM (Multiple Preparation Method) and another is CFM (Context Fetch Method).

2.2.1 Multiple Preparation Method (MPM) 

[image: image2.emf]UE1

         
[image: image3.emf]eNB A

Cell A

eNBB

Cell B

eNBC

Cell C

Cell Boundary

UE mobilIty path

P2

P1

P3

P6

P5

P4

Preparation 

in Cell B

Handover 

to Cell B

Preparation 

in Cell C

Handover 

to Cell C

UE Context 

Release

to Cell A

UE Context 

Release

to Cell B

UE1


(a)                                                                                  (b)
Figure 2: Two examples of MPM (Multiple Preparation Method)
Figure 2 depicts two examples of MPM (Multiple Preparation Method). Figure 2 (a) is one example of MPM and advanced multiple preparation to 1 tier neighbour cells of UE 1 is performed. Figure 2 (b) is another example of MPM and advanced multiple preparation based on UE’s mobility path is performed. For instance, two corresponding cells are automatically prepared when UE 1 comes into dotted red line and three corresponding cells are automatically prepared when UE 1 comes into dotted yellow line and UE context related to the corresponding cell(s) is deleted when UE 1 deviate from dotted red or yellow line.
MPM such as Figure 2 can improve the possibility of RLF recovery compared with that of current spec. But, when some UE context change at serving cell occurs (e.g. the addition/deletion of dedicated bearer), the signalling load to equate UE context in each cell can be increased proportional to the number of prepared cell.
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Figure 3: The potential problem of current standard-based MPM (Multiple Preparation Method)
But, although the obligate signalling overhead due to the change of UE context as mentioned above is excluded, MPM using current spec’s preparation method has the problem like Figure 3. If advanced multiple preparation is performed when UE 1 is located within the dotted yellow line like Figure 2 (b), three cells have the same UE context related to UE 1. In this situation, first RLF recovery to cell A or cell B or cell C is possible. But, after the first successful RLF recovery to any one cell (assume cell C in Figure 3), RLF recovery to any cell of the others (cell A or cell B) is not possible because c-RNTI is changed from 20100 to 1600. In other words, preparation to corresponding cells shall be repeated whenever RLF recovery occurs if MPM uses the preparation method of current spec. 
2.2.2 Context Fetch Method (CFM)
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Figure 4: A concept of CFM (Context Fetch Method)
Figure 4 shows the concept of Context Fetch Method (CFM). The key concept of CFM is that MeNB to manage pico cells always exists and UE contexts related to the connected UE are kept in MeNB. Hence, RLF recovery to pico cell within MeNB is possible because the corresponding pico cell can get UE context from MeNB. The feature of CFM can increase the possibility of RLF recovery compared with that of current spec. and it can reduce signalling overhead for preparation compared with that of MPM. Whereas fast RLF recovery such as MPM is not possible because it takes time to get UE context from macro eNB to pico cell over the non-ideal backhaul. 
The introduction of CFM can increase the possibility of RLF recovery in HetNet with pico cells like MPM, but new control interface between macro eNB and pico eNB may be needed. Also, in the user plane interface of pico eNB, the existing GTU-U protocol may be used or new interfaces (e.g. FP, GRE) may be considered.
Figure 5 depicts the problem in RLF recovery to pico cell by CFM. We assume that pico cell is located between MeNB X and MeNB Y and UE 1 is in the centre of pico cell and UE 1’s context may exist in MeNB X or MeNB Y.  In the process of the existing handover such as Figure 1, pico cell may request UE context to MeNB that it is already deleted. Therefore, pico cell to receive the attempt of a UE’s RLF recovery shall know the correct MeNB to have the corresponding UE context.
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Figure 5: The potential problem of CFM (Context Fetch Method)
3 Conclusions
Prior to the discussion on improved recovery from RLF, RAN2 requires simulation results about the frequency of RLF recovery to unprepared cells in HetNet environments. If many companies come to the same conclusion through simulation that the revision or extension of current spec shall be needed for the improvement of RLF recovery, observation 1 and 2 can be considered for this issue.
Observation 1: the concept of MPM can be considered to improve the performance of RLF recovery in HetNet. This method can support the prompt RLF recovery because UE context already exists in the prepared cell. Compared to the method, the current spec. may increase signalling overhead to equate UE context among the prepared cells. 
Observation 2: the concept of CFM may be considered to improve the performance of RLF recovery in HetNet. The method doesn’t increase signalling overhead to guarantee the consistency of UE context in each cell. However, the latency of RLF recovery may be increased for context fetch time. Also, it may happen that the pico cell doesn’t know the correct MeNB which has UE context during handover. 
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