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1 Introduction

In this contribution we go discuss the EUTRA cell search concept in general and present the Nokia concept. We propose that a cell common synchronization channel is transmitted at least four times per frame to allow for efficient neighbor and inter-RAT measurement. We propose that the reference symbols are used for detecting the cell ID. We discuss the possible number of cell IDs and show the performance for the proposed scheme.
2 Discussion
2.1 Cell Search flow
Figure 1 shows a flow diagram of the Nokia cell search concept. The design criteria for the scheme has been to use as few additional signals as possible in order to create minimum overhead and as simple a cell search scheme as possible. This is why we propose to use one cell common SCH is used to find a cell timing candidate. Since the goal of cell search is be able to decode the broadcast channel in order to gain access to the system, the reference symbols used in the cell needs to be identified in order to do coherent detection. We propose to look for the reference signals directly as they are typically anyway available, contain enough energy for detection and need to have good cross-correlation properties making the ideal for blind search.  A narrowband broadcast channel provides the primary system information required to gain access to the full system information in order to access to the system.
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Figure 1 Synchronization flowchart
The steps the UE has to go through are as follows. The UE sets its center frequency and starts searching for the cell common synchronization channel. Once the timing of the synchronization channel has been found, the sub-frame timing has been found and the UE starts correlating with the reference signals sequences to find the sequence used in the cell. Once the sequence has been found, frame timing can be found by blindly decoding the primary BCH from the possible positions based on the synchronization channel timing. The BCH contains information like system bandwidth, TX antenna configuration, CP length configuration and a confirmation of the Cell ID.
2.2 Drawbacks with secondary SCH

The main reason for not introducing a secondary SCH is the extra overhead. Schemes proposing a secondary SCH will have problems in a synchronized network when the primary SCH is used a phase reference for detecting the secondary SCH as the primary SCH in a synchronized network sees a SFN like channel. Using reference symbols directly avoids this problem. Having multiple primary SCHs could solve this problem, but will require network planning which is not desirable. 
2.3 Synchronization Channel Sequence

RAN1 already decided on a hierarchical cell search scheme. The main reason for not going for a non-hierarchical cell search scheme is the inferior performance at low SNR. This due to the non-hierarchical schemes relying on auto-correlation for detecting the synchronization channel timing. A hierarchical cell search scheme relying on auto-correlation will have the same problems with low SNR as the non-hierarchical cell search schemes. Therefore, there is no reason to optimize the synchronization channel sequence for auto-correlation techniques as the performance is inferior and the complexity difference is negligible. One cell common sequence is therefore preferred for the synchronization channel.
2.4 Synchronization Channel Repetition Period

The reason for repeating the synchronization channel multiple times per frame is not so much to improve the performance, but to ease inter-frequency neighbor measurements and inter-RAT measurements. For  E-UTRA inter-frequency neighbor cell measurements, transmitting the SCH more often than once per frame eases the operation of the scheduling as the limitations on simultaneous UL/DL idle periods will be fewer. Based on the experience from discussing WCDMA measurement performance in RAN4, it is well known that the UE measurement performance is highly dependant on how the gaps have been generated. Having a high repetition factor will ensure a more uniform UE measurement behavior. 
For inter-RAT measurement, a 7 slot transmission gap is commonly used in WCDMA while a 10 ms transmission gap is not even possible. In order to easily ensure that every gap contains a SCH, it needs to be repeated. In GSM, the TDMA frame structure (Search Frame) is 4.6 ms and the SCH should be repeated more often than this.  The latter means that the SCH should be repeated four times in a frame.
It has been argued that repeating the SCH more than once per frame limits the flexibility in switching points for TDD. In our opinion, the switching points can be freely selected and the SCH is only put to a sub-frame if it is a DL sub-frame. This will mean that the number of sub-frames containing SCH will vary in TDD depending on the switching points, but as the repetition of SCH is meant for neighbor measurements, the UE can be informed about the location of the SCHs. Alternatively, TDD could have only one SCH per frame, yielding more complicated neighbor measurements. We believe having complicating FDD neighbor measurements in order to have exactly the same procedures for both FDD and TDD is not justified. In initial synchronization, the UE does not need to know how many SCH are in a frame as the search can be done looking for only one SCH per frame. Frame timing is then established by decoding the BCH from a certain number of locations. Hence, the cell search procedure can be the same regardless of looking for TDD or FDD. A UE searching for and FDD network can chose to utilize the SCH repetition in order to achieve better performance. 
2.5 SCH time placement
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Figure 2 SCH placement in time and frequency
In order to have a simple way of finding the sub-frame/frame timing from the SCH timing we propose to use the last OFDM symbol in a sub-frame for the SCH as shown in Figure 2. The last OFDM symbol in the frame has the exact same position in the sub-frame regardless of CP-length(short vs. long) or operating bandwidth. This means that there is no need to mandate use of a certain cyclic prefix length for the sub-frame containing the SCH. Also, for implementation simplicity, the SCH should be placed in the sub-frame so that they do not take resources from reference symbols or the control channel. The resources should be taken from the shared data channel which is achieved by putting them in the last OFDM symbol, occupying six resource blocks in that symbol.
In case of TDD, the last OFDM symbol in a TTI might be used for switching guard period. However, with the 1 ms TTI the last OFDM symbol in the first sub-frame is also time aligned regardless of CP-length.
2.6 Reference symbols sequence repetition period

In order to minimize the processing needed for finding the reference symbols sequence used, the reference symbols sequence should have the same repetition period as the SCH. This way, the reference symbols sequence phase is known to the UE after finding the SCH timing and only the reference symbols sequence itself, and not its phase, needs to be acquired.

2.7 Number of UE IDs
Having a high number of cell IDs will decrease the need for cell planning, but just agreeing on a number of cell IDs without investigating the implications can be risky. The number of Cell IDs decides the number of unique reference symbol sequences used in the system. The larger distance there is between reference signals sequences, the better the channel estimation will be. Also, reference signals are useful in efficient neighbor measurements and this should be taken into account designing the sequences. Having 512 such unique sequence is not a big deal in WCDMA where each pilot symbol is spread by a factor of 256 and the number of chips within the channels averaging window is even longer. In LTE, the degrees of freedom are much smaller. In the 1.25 MHz spectrum allocation we have only 48 reference symbols in 1 ms. The sequence period can be longer than the TTI, but for channel estimation or measurements it is the distance between the parts of the sequences that falls within the channel estimation/measurement window that decides the performance. Even though the degrees of freedom are higher with larger spectrum allocations, there is still an issue with narrow bandwidth allocations. Just freezing the number of cell IDs just to proceed with the cell search design gives the impression that no planning is needed when assigning reference sequences and might lead to an overly complicated cell search procedure. 

In order to limit the complexity, the total number of Cell IDs should also include the combinations created by using CDM between sectors, i.e. #Cell IDs = #RS sequences x #othogonal codes.  

3 Simulation results

We here provide the simulation results for the 90th percentile of the cell search time for the TU channel. A cell is defined as found the correct timing and cell ID has been detected. 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. A sliding correlator is used for finding the SCH timing. For every occurrence of the SCH, one time position is identified and the reference symbols are averaged over the next 5 ms meaning that two parallel correlations with reference symbols are taking place at any time. One timing and Cell ID candidate is produced every 2.5 ms with a minimum search time of 7.5 ms. One antenna reception at the UE is assumed. 

The simulation results are shown in Figure 3.  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.  Additionally, at high SNR the cell search time is the minimum time it takes to go through one search for timing and cell ID, that is 7.5 ms. The search time does not include the time is takes to detect the BCH.
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Figure 3 90th percentile search time for Nokia cell search proposal. 
4. Conclusions

In this document we have again presented our proposal for the E-UTRA cell search procedure and common channel design from the initial synchronization and neighbor cell measurements perspectives. The proposal is to have:

· One cell common SCH used for detecting cell timing 
· Search for reference symbols directly to find Cell ID
· A narrowband broadcast channel gives frame timing and provides the information needed to decode system information 

Finally we presented the performance of the proposed scheme.
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