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1 Introduction

With the new hybrid and open access modes being introduced new classes of HeNB-supported cells will be able to operate in the same carrier and within the same PCI range of macro (public) cells.

One main question is: how do macro, hybrid and open cells coordinate their PCI use?  

In classic macro deployments this problem is addressed by the Neighbour Information exchanged via X2 at X2 SETUP REQUEST or at eNB CONFIGURATION UPDATE.  However, it has so far been the case that HeNBs would not establish X2 interfaces with macro cells. In such a scenario, and if uncoordinated deployment of HeNB is considered, the only way for a HeNB to understand which PCIs are already in use in its neighbourhood is via radio scanning the surrounding environment.  However, such solution is very unreliable as a HeNB could e.g. not be within coverage of a direct neighbour cell (hence not be aware of what PCI it is using).  If the assignment of PCIs relies on the HeNB “learning” about its neighbour environment there is a high risk of PCI collision with other cells operating in the PCI range. 

On the other side, if we think of a macro cell not connected via X2 to other nodes operating in the same PCI range, the only way to understand which hybrid or open HeNBs are in its neighbourhood is either via ANR or via Neighbour Information reports from other cells (namely cells that have learned about such open/hybrid cells via ANR and that are reporting their neighbours in the Neighbour Information), or via O&M means.  Again, if the case of uncoordinated HeNB deployment is considered, such a scenario has a high risk of PCI collision which could trigger a PCI reselection in the macro cell.

This paper tries to clarify the conditions under which PCI collisions are minimised when open, hybrid and macro cells operate in the same PCI range.

2 Discussion

The solution to the problem explained in the introduction has to guarantee that cells deployed in a coordinated manner are not subject to local PCI management (as done for closed access home access cells by e.g. scanning the environment) with consequent cell reconfiguration in case uncoordinated cells are detected as neighbours with clashing PCIs.  

If one considers an example where (macro) eNB1 reports Neighbour Information to (macro) eNB2 and this Neighbour Information also includes uncoordinated cells, eNB2 might detect that there is a PCI clash with one of the uncoordinated cell and it might reconfigure its PCI as a consequence.  Obviously, the optimal outcome would rather be that the uncoordinated cell reconfigures itself and that the macro cell continues to happily exist in blissful ignorance of PCI clashes with its uncoordinated neighbours.

The only solution to avoid that such a situation ever exists is that all the cells included in the Neighbour Information list exchanged by macro eNBs via X2 will have to be coordinated cells.  This means that the cells of which a macro cell is aware have been carefully planned / coordinated and their PCIs have been carefully allocated in a way not to clash with their neighbour cell PCIs.

If the above is valid the question still pending is how can an eNB distinguish between a coordinated hybrid/open cell and an uncoordinated one when this cell is reported e.g. via ANR?

In fact, there is no way to distinguish between a cell controlled by the user and a cell controlled by the operator.  As a consequence, the only way to ensure that PCI confusion is avoided within the non-CSG PCI range is to enforce that all cells operating in such range undergo coordinated deployment.  It is therefore proposed that the following working assumption is agreed as the basis for development of solutions involving hybrid, open and macro cells operating in the same PCI range:

Working Assumption: Hybrid or Open cells shall be deployed in a coordinated manner. Namely, their deployment shall be planned and their control shall be in the operator’s hands rather than in the user’s hands

Note that the working assumption above is mainly derived to address the issue of PCI management for cells deployed within the same non-CSG PCI range.  In R3091363 a similar working assumption is proposed for hybrid cells in 3G and LTE.  However, in that paper, the working assumption is derived to address the issue of active mode mobility involving macro, open and hybrid cells.  Therefore, the working assumption above also facilitates the mobility scenario.  

3 Conclusions 

This paper has highlighted the problems occurring when hybrid and open cells are deployed in an uncoordinated manner and operate in the same PCI range as macro cells.   The paper suggests to agree to the following working assumption:

Working Assumption: Hybrid or Open cells shall be deployed in a coordinated manner. Namely, their deployment shall be planned and their control shall be in the operator’s hands rather than in the user’s hands
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