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1
Introduction

As part of the Rel-12 Study Item on HSPA Hetnet ([1]), RAN2 is responsible to study mobility issues and potential enhancements.

This paper describes some mobility issues expected in macro/pico hentet deployments, which should be further studied by RAN2 in Rel-12.
2
Discussion 

2.1 Handover issues
This section focuses on mobility issues in Hetnet deployments, with particular emphasis on serving cell change (SCC) and enhanced serving cell change (E-SCC) procedures. With the deployment of pico cells, the performance of the existing (E)SCC mobility events and triggering mechanisms needs to be evaluated. 
With regards to SCC, when a UE moves from a pico cell towards a macro cell, the handover trigger is an event 1d, which is reported by the UE if the following inequality criteria holds true for a certain time interval (time-to-trigger, or TTT).
10 Log EcIomacro ≥ 10 Log EcIomacro0 + CIOpico + H1d/2.

After some delay (given by MRM transmission to the RNC and RNC processing) UE receives a RRC reconfiguration message (from the pico cell), and can switch to the new cell (macro cell). 
The reliability issue of existing mobility mechanisms is mainly due to the low Tx power (i.e. limited coverage) of the pico cells. Due to the small coverage area of pico cells, it can happen that by the time the reconfiguration message is sent by the RNC, the pico EcIo can become worse than the macro by much more than (CIOpico + H1d/2) dB, and drop below a usable level. UE is, therefore, unable to receive the reconfiguration message, with resulting Radio Link Failure (RLF) and failed SCC. 
In case of E-SCC, UEs can essentially accomplish handover if the macro has been successfully added to the Active Set through Event 1a (no issues are expected for reporting e1d), thus earlier than legacy SCC. Nevertheless, RAN2 should evaluate E-SCC performance as well. 
With current standards, one may attempt to use more aggressive triggering parameters, such as larger event 1a reporting range, shorter TTT or biased CIO to favour a faster handover, but performance trade-offs are expected, for example throughput may degrade or signalling may increase due to higher handover ping-pong rate. Thus, if higher SCC failure rates are seen in RAN2 evaluations, it is proposed to study potential enhancements to improve handover performance in Hetnet deployments.
Proposal 1: RAN2 should study handover reliability/failure issues due to pico deployments, and suitable solutions and/or optimizations.
Impacts on handover performance and benefits of potential optimizations should be studied in different Hetnet environments, e.g. varying UE speed, pico density, Tx power, etc..
2.2 PSC confusion in dense pico cell deployments

This section addresses the study area of high density small cells, which is part of the Hetnet Study Item ([1]). 
The focus is on issues due to PSC (Primary Scrambling Code) confusion, which is meant as the problem of having the same PSC re-used among multiple Pico cells (or in general LPN - Low Power Nodes). The PSC confusion problem is not new to RAN2, in fact it has been already analysed and discussed in the context of dense femto (Home NodeB) deployments. 
Due to certain standards constraints, there is a limit in the number of cells (PSC) configurable in idle and connected mode neighbour or monitoring lists and measurable by the UE (mostly up to 32 per frequency), which may cause some issues, from a radio planning point of view, while selecting which cells to configure in those neighbour lists, either in SIB or MCM messages. In today’s UMTS markets (especially in macro urban or denser scenarios), those neighbour lists are typically already largely used or close to the limit (e.g. 32 intra-frequency and 32 inter-frequency PSCs), thus leaving not enough space to add many more cells, as femto or dense low power nodes can be.

Given the above, the same PSC may be re-used and allocated to multiple cells, which can create the so called PSC confusion in the network: if UE reports a certain PSC to the RNC, it may not know what exact cell (e.g. femto or pico) the reported PSC corresponds to, thus impacting mobility performance (e.g., handover).

Whilst certain solutions have been standardized to address PSC confusion issues for femtocells (Home NodeBs), those may not be applicable to open low power nodes (e.g. CSG related enhancements) or have different architectural requirements (e.g. not Iub or SHO based).

It is therefore proposed to study specific mobility performance aspects due to PSC-reuse in dense hetnet scenarios, where the same PSC may be allocated to multiple Low Power Nodes in a macro cell. The study should analyze issues and identify solutions and/or potential system enhancements (including features addressing also legacy UEs and macro/LPN networks).
Proposal 2: RAN2 should analyze potential problems due to PSC confusion in dense hetnet scenarios, and study suitable solutions and/or optimizations.

3
Summary and Conclusion

In conclusion, the following is proposed: 
Proposal 1: RAN2 should study handover reliability/failure issues due to pico deployments, and suitable solutions and/or optimizations.
Proposal 2: RAN2 should analyze potential problems due to PSC confusion in dense hetnet scenarios, and study suitable solutions and/or optimizations.
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