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1. Introduction

In the previous meeting RAN1 the cell search issue was finally discussed. In this contribution we discuss the cell search issues with a starting point of neighbour cell search and measurements. We also discuss what needs to be clarified when it comes to deciding on a hierarchical or non-hierarchical cell search.  Finally, we show additional performance figures for the cell search scheme.
2. Neighbour cell search and measurements
The focus in the cell search discussion so far has been on initial cell search. However, most of the cell searches a terminal will have to do are neighbour cell searches. In this contribution we therefore start by seeing what is needed for neighbour cell search and then looking at what is additionally needed to do initial cell search. 
For neighbour cell search it is Nokia’s assumption that at least in the typical case the UE is informed through neighbour lists the frequency and cell IDs of the neighbour cells. Additionally, it is also assumed that the bandwidths, antenna configurations and other ion formation is known to the terminal. With these assumptions, neighbour cell search becomes a very simple process:
· The UE identifies the timing of the neighbour cells using the SCH.  The SCH is needed in order to reduce the complexity for searching in time as trying to search for the timing of the reference symbols directly would be too demanding complexity wise if a reasonable size for the neighbour list is assumed. Using the same SCH sequence in all cells has further complexity advantages and gives further performance improvements in a synchronised network
· Using the cell IDs known from the neighbour list the UE identifies the cell from the common reference symbols which are directly mapped to the cell ID. Note the UE has to be able to find cells that have the same timing. 
As the reference signals are there anyway for channel estimation, the only additional channel needed for doing neighbour cell search is the synchronization channel. Once a cell has been found, the UE monitors the cells using the reference symbols for neighbour cell measurements. It is also expected that relevant measurement quantity for reporting and cell reselection purposes will be defined based on reference symbol measurements. Whether or not it is also needed to decode the BCH during neighbour cell search and measurements depends on how the mobility procedures will be defined. The decoding period for the BCH of neighbouring cells will anyway be infrequent compared to the measurements period.
The Nokia cell search proposal specified in [1], the procedures for the initial search are very similar to the neighbour cell initial cell search, not requiring any additional channels, but conveying the information known in case of neighbour cell search using a narrowband primary BCH. The main difference between initial cell search and neighbour cell search is that for initial cell search, the UE has to search all Cell IDs while in case of neighbour cell search the search can be limited to the neighbours in the neighbour list. 
2.1 The 20 MHz problem
During the neighbour measurement discussion in the Denver, a discussion on how to deal with 10 MHz UEs in a 20 MHz band emerged. In our opinion, in order to avoid needing gap-assisted neighbour measurement when  measuring neighbour cells on the same carrier frequency as the serving cell, one should widen the UE minimum bandwidth capability slightly so that the UE can receive the SCH in neighbour cells without retuning its receiver as shown in Figure 1. Here it is assumed that a 10 MHz UE is allocated to one side of the 20MHz bandwidth when receiving data from the serving cell. If the UE can only receive 10 MHz, it will not be able to monitor the SCH of neighbouring cells without retuning its receiver, but if the UE bandwidth is increased, it can monitor the SCH without needed gaps in the reception from the serving cell.
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Figure 1 Increasing the minimum bandwidth of the UE so that it always can receive the SCH.
If further studies find that the UE should also read the BCH from neighbour cells, that part of the system information should be put in the same narrow bandwidth for the same reason as for the SCH. The same goes if the UE must receive the broadcast channel from its own cell while receiving the shared data channel. 
The UE impact to widening the minimum bandwidth is limited, while the benefit to overall system complexity is significant. There is no impact to the digital parts of the UE baseband. In the 10 MHz numerology, 601 sub-carriers are used which means that the FFT size does not need to be increased when receiving the additional 38 sub-carriers in order to receive the centre 1.25 MHz of the 20 MHz carrier. In order to fulfil the blocking requirements, the UE’s receive filter also has to be widened in this case compared to when receiving a 10 MHz carrier, but as the UE has to handle varying bandwidths, a dynamically adjustable filter is anyway required. Hence, the UE complexity impact of the extra bandwidth is expected to be limited.
3. Hierarchical vs non-hierarchical cell search

In the previous meeting a text proposal was added to the TR dividing the schemes into hierarchical vs non-hierarchical  cell search, i.e. whether or not the cell ID is derived in one or several steps. However, it was not discussed what number of cell IDs are needed. According to our understanding the, non-hierarchical cell search schemes gives a limited number of cell IDs and it therefore needs to be discussed how many cell IDs are actually needed. The number of Cell IDs limits the cell planning and an understanding of the deployment scenarios is required. Guidance from other RAN WGs should be sought in this case. 
4. Nokia cell search scheme performance 
The Nokia cell search concept was described in [1]. In this contribution we provide the simulation results for the 90th percentile of the cell search time for the TU channel. The simulations have been performed assuming the current structure for reference signals as described in TR 25.814. The 1.25 MHz SCH is repeated 4 times per frame. No averaging has been done over multiple SCH occurrences while the reference symbol correlation is averaged over 10 sub-frames. One correlator is used for SCH while the reference symbols are correlated using two parallel correlators so that all OFDM symbols containing reference symbols are used for finding the cells. The simulation results are shown in Figure 1. 

The simulation results show that in a slow fading channel like the TU3 channel, the 90th percentile cell search time is less than 50 ms at an SNR as low as -6 dB. For less difficult channel conditions, the 50 ms search time can be achieved at SNRs close to -10 dB. 
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Figure 2 90th percentile search time for Nokia cell search proposal. 
5. Conclusion

In this contribution we have analyzed the implications of neighbour cell search. We have shown that by increasing the minimum bandwidth slightly, savings in system complexity can be achieved while the increase in UE complexity is negligible. Finally, we showed the performance of the Nokia cell search proposal.
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