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1. Introduction
The deployment of co-channel heterogeneous networks poses several challenges in the network deployment, such as interference managemenet, mobility, load balancing and random access. The connected mode mobility or handover is one of the important aspect for guranteeting the QOS for the mobile subscribers. RAN4 has defined requirements on the HO latency and the Interruption time to ensure accepetable minimum performance.  In this contribution we briefly describe the HO process when the co-channel small cells are present and the deployment scenarios when HO occur. This contribution serves as information to our contribution in [1] where we have studied the HO performance and its possible implications on the HO performance requirements. 

2. Discussion

2.1. HO process 
The connected mode mobility or handover based on Event A3 [2] is considered here.  When a mobile is moving through a small cell in the bore sight direction the RSRP profile of the macro and Pico is depicted in Figure 1.
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Figure 1 The Macro and PICO RSRP profile and the Macro-to-Pico and Pico-to-Macro HO process timeline.

For the co-channel HO measurement report triggering there are two conditions in Event A3 [6]

1. Entering condition

Mn Ocn Hys Ms Ocs Off
2. Leaving condition

Mn Ocn Hys Ms Ocs Off
where

Mn is the measurement result of the neighbouring cell, not taking into account any offsets.

Ocn is the cell specific offset of the neighbour cell 

Ms is the measurement result of the serving cell, not taking into account any offsets.

Ocs is the cell specific offset of the serving cell 

Hys is the hysteresis parameter for this event (same system wide)
Off is the offset parameter for this event (same system wide)
When the small cells are overlaid on top of the macro network the HO threshold or the cell selection bias is applied using the parameter Ocn to have the different threshold for the small cells and the macro cells.
The mobile periodically measures the RSRP values and if the entering condition is satisfied the measurement report is sent to eNB at the end of the Time-to-Trigger (TTT) period. Then, eNB sends the HO command to the UE and informs the target eNB via the backhaul. Then, the UE connect to the target cell through contention free random access procedure and receive the message 2 from the target eNB.
There are several possibilities or causes for the HO failure. During the HO process the the UE continue to monitor the serving cell radio link. If the radio link failure occurs before the HO process is completed, then a HO failure would occur. This could be caused by lost of measurement report in the uplink transimission or the HO command in the downlink transmission. In other situation, at the end of the TTT period the UE receives the HO command successfully but couldn’t connect to the target cell due to the poor target radio link.     
2.2.   Handover scenarios

Possible deployment scenarios of the co-channel small cells on top of the macro network are when cell range extension is employed and in hot spot deployment. In this section, both scenarios are briefly described with respect to its impact on HO. 
2.2.1. Cell range entension scenario

The cell range extension scenario envision uniform loading across the cell and to connect many UEs to small cells a cell selection bias to wards the small cell is used. Due to the bias there will be larger inter cell interference for the users at the small cell edge. Thus, this scenario should be used with some eICIC technique for example, almost bank subframes (ABS). 
The ABS needs to be employed at the macro only with relatively larger cell selection bias for the smooth HO process as well as the normal operation. 
2.2.2. Hot Spot scenario

In the hot spot scenario the small cells are deployed at the traffic concentrated areas of the macro cells. Thus, they don’t need to use larger bias to select more UEs to serve. The coverage areas of the small cells are relatively small and the time of stay of the UE in the small cells is very small as well. Conventionally late handover is preferred to reduce the number of ping pong during the handover. But generally the late handover results in a larger HO failure rates in small cells. Thus, early hand-in of a UE to a small cell and early hand-out of a UE to macro cell is preferred in this scenario. As expected the early hand-in and out cause more ping-pong and the interference for the edge users. So, the early hand-in needs to be used with ABS at the macro and the early hand-out needs to be used with the ABS at the small cell. We should be able to use the ABS in macro or small cell to enable the early hand-in and out for the hotspot scenario.

3. Summary 
In this contribution we have provided an overview discussion on the Handover process and scenarios in a co-channel deployment of heterogeneous networks. Together with [1], the contributions attempt to highlight the need for further evaluations of Handover requirements as part of the support of restriction of RRM measurements for Rel-10 UEs.
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