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1. Introduction
At RAN#57, a Rel-12 new study item “Study on UMTS Heterogeneous Networks” was approved. The objectives for mobility are listed bellow [1]:
· Investigate mobility issues, performance impacts and possible optimizations for both co-channel and dedicated frequency deployments of macro and small cells
· Investigate improvements to UE discovery and identification of small cells 
· Investigate UE speed based mobility solutions
· Investigate the mobility issues of mass small cell deployment(e.g. UE measurement requirements, limited neighbour cell list size, PSC confusion) and possible solutions

· Identify the requirements and potential solutions of mobility enhancement for multi-flow deployments, including multi-carrier multi-flow

At RAN1#71, it was concluded that RAN2 is responsible for the study on mobility issues and the solutions for HetNet. This document tries to have a general discussion on the mobility issues.

2. Discussion
2.1 UE discovery and identification of small cells 
For dedicated frequency deployment, it is required that the UE under the coverage of the small cell can select/reselect/handover to the small cell in order to offload UE to the small cell. 
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Figure 1 Inter-frequency small cell discovery
Normally, macro layer will have fully coverage and the UE in macro layer will not measurement the cell on other frequency unless the quality of used frequency is below a threshold (2d for CELL_DCH state / Sintersearch for other states),i.e., the UEs in the macro cell have less chance to know them under the coverage of the small cell.
Some implemented solutions are listed below:

· For CELL_DCH state, the RNC can enable the inter-frequency measurement by configuring the compress mode to the UE. In this case, the UE can detect the small cell if UE approaches the small cell. However, there are two issues for this solution:

· Problem 1: The UE performance is degraded for enabling compress mode. During the compress gap, the UE and network can’t transfer any data to UE. The performance impact is severe for HSDPA and HSUPA.

· Problem 2: UE power consumption. UE will measure the small cell frequency regardless the small cell deployment or not.

· For other states (Idle, URA_PCH, CELL_PCH, CELL_FACH), to set a higher value for Sintersearch can make the small cell discovery easier, however, the UE power consumption problem is still there.

For co-channel case, since anyway the UE will perform the intra-frequency measurement, it seems no significant impact on the power consumption, however the discovery efficiency is lower.
The same issue has been studied in LTE HetNet SI in Rel-11. We will discuss the possible solutions in [2]. 

2.2 UE speed based mobility
For co-channel deployment, the radio channel condition changes fast around the small cell. 
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Figure 2 P-CPICH RSCP distribution for co-channel deployment

	Type
	Value

	Macro cell 
	Power: 43 dBm

ISD: 500m

Antenna: 3 sectors 

	Small cell
	Power: 37 dBm

Antenna:  omni-directional

	Deployment
	· One small cell per macro cell
· Small cell is deployed at the macro cell centre


Table 1 Simulation assumption for Figure 2
When UE moves between the macro cell and the small cell, more challenges on the mobility could be expected:
· Challenge 1: Handover successful ratio. The radio channel changes quicker, it can be understood that the HO failure rate will be increased after the co-channel small cells are deployed. The situation will be worse if the UE speed increases.

· Challenge 2: More signaling flows during handover procedure. For the UE moving across a macro cell (not the macro-macro SHO area), there is no handover. However, after deploying the small cell, the UE has to perform handover procedure when UE moves across the macro cell where the small cell is deployed under the macro cell coverage, which means the mobility procedure is obviously increased compared with the legacy macro cell deployment. 
The same issue has been studied in LTE HetNet SI in Rel-11, we will discuss the possible solutions in [3]. 

2.3 Mobility issues of massive deployment of small cells 
Depending on the requirements of system throughput gain and the power of small cell, many small cells may be deployed within one macro cell coverage. We consider deploy more than 32 (inclusive) small cells in one macro cell coverage.
There are two kinds of PSC allocation method for the small cells: 
· Non-sharing allocation: In this method, each small cell is assigned with a unique PSC in one macro cell coverage. In this case, there are two potential ways to support mobility:
· Extend the NCL size to accommodate more PSCs. This was discussed in Rel-11. 
· Using intra-frequency and inter-frequency detect set function. Some of the PSCs are not put into the NCL. For those PSCs, the mobility performance needs to be considered.
· Sharing allocation: In this method, one PSC can be assigned to several small cells in one macro cell coverage if those small cells are not close to each other, which enables the possibility that all of the neighbouring macro cells and small cells can be put into the NCL without extending the NCL size. Thus, the PSC confusion, i.e., the RNC can’t determine the target cell from reported PSC, needs to be solved. Some solutions were discussed at Rel-11 for HNB it needs to be discussed whether they are also applied in Hetnet.
Therefore it is required to further study the mobility issue caused by the massive small cell deployment. The issue could not exist in LTE because the there is no restriction caused by the NCL, some possible solutions for the issue are discussed in [4].
2.4 Mobility enhancement for multi-flow deployment
We use follow scenario for discussing the mobility requirement of multi-flow deployment:  
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Figure 3 Mobility enhancement for multi-flow deployment
Requirement 1: Small cell detection on non-used frequency

At point A, UE is operating in DC-HSDPA mode and cell 1 is the serving cell of the UE. When UE moves towards point B, UE does not know there is a small cell deployed as it does not measurement the non-used frequency. The secondary serving cell (cell 2) can’t provide any downlink throughput to the UE at point B. It is required the UE can detect the small cell. 

The solution discussed for chapter 2.1 can be re-used. We think different solutions can be considered for this case as UE supports multi-carrier and multi-flow and already in operating in multi-carrier mode. The battery consumption of detecting small cell will not be an issue.

Requirement 2: Best frequency selection
At point B, UE is operating in multi-flow (DFDC) mode. The HSDPA transmission will come from cell 3 and cell1. As the downlink channel condition of cell 3 is much better than cell 1, most of the HSDPA data will send through Cell 3. If the cell 1 is selected as the serving cell, this will increase the uplink burden of the macro cell. So, cell 3 is suitable for serving cell of the UE. When UE move towards point C, The radio channel of cell 3 will weaken dramatically, when UE approach point C, cell 1 is suitable as the serving cell of the UE. 

To ensure good user experience and better utilized the network resource, network need to allocate the best frequency of the UE.

The possible solutions for above requirements are discussed in [5].
3. Conclusions

In this document we give an initial analysis of the UMTS HetNet mobility issues. It is proposed that RAN2 investigates below mobility issues and the study the possible enhancements.
For Co-channel deployment:

· Study UE speed based mobility

For Dedicated frequency deployment:

· Study UE discovery and identification of small cells
For both Co-channel and Dedicated frequency deployment:

· Study mobility issues of massive deployment of small cells
For Multi-flow operation in multi-carrier:

· Study mobility enhancements for multi-flow deployment
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