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1 Introduction
In this contribution we discuss requirements for intra-frequency cell search in Rel-10 heterogeneous networks. The discussion is based on the simulation results disclosed in [1]. 
2 Discussion
The simulation results [1] indicate that for synchronous cells (with respect to frame border), a Rel-8 baseline receiver can meet the Rel-8 requirements on cell detection when SNR ≥ 0 dB and Ês/Iot ≥ -10 dB. Below this level, a more advanced receiver is needed (supporting interference cancellation). However, in order for the baseline receiver to fulfil the Rel-8 requirements, it is required to carry out cell search more or less continuously (utilize every opportunity to detect a synchronization signal). This is a drastic increase in effort compared to intra-frequency cell search in Rel-8 [2] where it is sufficient to search for cells every 40-60 ms in non-DRX or DRX with cycle length shorter than 40 ms.

For asynchronous cells, a REL-8 baseline receiver can meet the Rel-8 requirements on cell detection when SNR ≥ -3 dB and Ês/Iot ≥ -13 dB. Below this level it is problematic since interference cancellation is not feasible due to the unknown information transmitted. Similar to the synchronous case, the UE is required to carry out cell search continuously. Again, a substantial increase in effort compared to intra-frequency cell search in Rel-8.

Cell search in asynchronous scenarios is based on search for a primary synchronization signal over an interval of at least 5 ms plus what is needed to initially feed the filter states, thus one typically end up with about 5.1 ms radio time. Carrying out cell search every 5 ms (continuously) would require real-time processing of cell search and hence would drive UE cost. Although mobility is key, imposing such requirements on the UE may not be desirable. 

In a synchronous scenario, the UE already has an idea about where to find synchronization signals of neighbouring cells, and hence can speed up the cell detection. However this is possible provided the UE is aware that all cells are synchronous (with respect to both frame start and cyclic prefix configuration) or it can be deduced from the duplex mode (TDD). Unless the UE knows that it is a synchronous scenario, the effort will be same as that of the asynchronous case above.

As already mentioned, one may achieve better cell detection performance for the synchronous case by using an advanced received that supports cancellation of interference due to synchronization signals from the aggressor cell. Again, whether this can be used or not depends on whether the UE has prior information on that all cells are synchronized. 

The purpose of DRX is to allow the UE to preserve power and hence to prolong the stand-by or service time. The UE is tuning in to the serving cell periodically to see whether there is something for it to receive, and if nothing to receive, it can turn the radio off after having carried out mobility measurements. In case the cell search requires a substantial radio time, less will be gained by DRX and one may even argue that DRX cycles below e.g. 80 ms more or less become pointless.

To address the raised concerns, we propose the following:

Proposal 1:  Since it is likely that in most scenarios the UE will not be aware of whether all neighbour cells are synchronous or asynchronous, the intra-frequency cell search requirements for heterogeneous networks shall be the same regardless of synchronization scenario. 

Proposal 2: In order to avoid a large increase in UE complexity (due to real-time processing in non-DRX) and also to ensure that the UE can save power when configured with DRX, the intra-frequency cell search requirements for heterogeneous networks in terms of cell search delay shall be extended compared to the intra-frequency cell search requirements in Rel-8. The required cell search delay needs to be further studied until the May meeting.
3 Summary and Proposal
In order to avoid a large increase in UE complexity, the following is proposed regarding intra-frequency cell search requirements in heterogeneous networks:
Proposal 1:  Since it is likely that in most scenarios the UE will not be aware of whether all neighbour cells are synchronous or asynchronous, the intra-frequency cell search requirements for heterogeneous networks shall be the same regardless of synchronization scenario. 

Proposal 2: In order to avoid a large increase in UE complexity (due to real-time processing in non-DRX) and also to ensure that the UE can save power when configured with DRX, the intra-frequency cell search requirements for heterogeneous networks in terms of cell search delay shall be extended compared to the intra-frequency cell search requirements in Rel-8. The required cell search delay needs to be further studied until the May meeting.
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