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1. Introduction

In the document [1] we briefly discussed requirements for E-UTRA cell search concept and common channels needed for supporting cell search both for initial synchronization and neighbour cell identification purposes. In this contribution we discuss the requirements further and propose a common channel design that would  meet these requirements. We also show initial simulation results for the proposed cell search scheme in the Section 4 of the document. 

2. Requirements for cell search procedure and common channel design

In order to have a fully functional system in all necessary E-UTRA deployment scenarios it is important to ensure that the same requirements are considered both for data demodulation and mobility support. Hence, when designing synchronisation and pilot channel structure as well as other common channels for cell search and neighbour measurements it is important to consider the following aspects. 

· For efficient initial synchronisation and neighbour cell search in an asynchronised system it would be desirable to define a synchronisation channel that is a common for all cells in the system, similarly as P-SCH in WCDMA. A common synchronisation channel is especially important as E-UTRA is required to support frequency reuse=1 and a common synchronisation channel would allow the UE to find new cells fast while moving in the network.

· It is desirable that in the initial synchronization the UE does not need to perform a bandwidth scan to distinguish whether 1.25, 2.5, 5, 10, 15 or 20 MHz bandwidth is used in a given cell even if the UE supports multiple bandwidth options. Hence, it would desirable to define synchronisation channel based on the smallest 1.25 MHz bandwidth option.

· Synchronisation channel needs to be transmitted regularly enough to ensure that the system will perform well in different radio conditions and with different velocities.  The common channel structure of E-UTRA should be designed so that it also enables efficient handover from other systems like WCDMA and GSM. In order to allow the same time multiplexed inter-RAT measurement strategy to be used in GSM for E-UTRA measurements as currently used for WCDMA measurements it is important to consider GSM TDMA frame structure when deciding the repetitions rate of E-UTRA synchronisation channel. This basically means that the synchronisation channel needs to be repeated at least once in less than 4.6 ms and preferably the transmission would evenly distributed over the 10 ms frame. If e.g. the synchronisation channel is transmitted once in every 4th or 5th sub-frame, we would be able to obtain a nice integer multiple of repetitions per 10 ms frame. In case of 1.25 MHz BW, which is the worst case, this would mean for short cyclic prefix an overhead of 2.9% and 3.6% respectively and 3.4% and 4.3% for long CP. In the overhead calculations we have assumed that the whole OFDM symbol is reserved for the synchronisation channel.  

· In order to avoid blind bandwidth selection during initial synchronisation it would desirable that the UE is provided information on the operating bandwidth of a given cell based on that same 1.25 MHz bandwidth. This could be obtained by transmitting at least partially system information using the 1.25 MHz bandwidth.

· It is important to keep the overhead as small as possible while also supporting mobility measurements efficiently. There have been proposals to define more than one synchronisation channel to support the E-UTRA cell search. However, we believe that it would be enough to have one synchronisation channel only if a UE performed direct pilot sequence detection right after finding the timing of the synchronisation channel. This overhead reduction would be possible if TDM pilots are used. 

· In order to allow simplifications to the E-UTRA cell search procedure compared to the WCDMA cell search procedure the length of the potential BS scrambling or BS/cell specific pilot sequences should be carefully considered. By defining the length of the pilot scrambling or pilot sequences to have the same repetition period as the synchronisation channel it would be possible for the UE to identify the start of the scrambling code or pilot sequence by finding the timing of the synchronisation channel. 

· Variation in cyclic prefix length has also impacts on the cell search procedure. It has been agreed that each transmission bandwidth has short and long CP options. It seems that CP length would either be selected to be static in time or it could vary from TTI to TTI e.g. due to time-multiplexed unicast and multicast services. Currently there are no limitations how CP may vary from TTI to TTI. CP variation from TTI to TTI would cause uncertainty to the cell search procedure performed without additional synchronisation channel, which would be used for identifying a cell. Time domain variation in CP length means that the synchronisation channel and pilot channel could have different CP lengths. Additionally consecutive pilot symbols could have different CP lengths. In order to use more than one pilot symbol for pilot detection CP length should not vary too often in time. This uncertainty caused by time variant CP length could potentially be resolved for neighbour cell measurements if dynamic CP information is provided in the neighbour cell information but even in this case the uncertainty would still remain in the initial synchronisation. However, it is quite unrealistic to assume that this type of dynamic CP information could be provided for all neighbour cells. Hence, it is important to define some boundary conditions on how often CP length may vary in time.

3. Proposal for Cell Search Procedure and Common Channel Design

In this section we propose a common channel structure, which efficiently supports initial synchronisation and intra-frequency, inter-frequency and inter-RAT neighbour measurements for handover and cell reselection purposes. The common channel proposal is introduced using a generic example of a cell search procedure for E-UTRA.

E-UTRA Cell Search

1. Find a symbol and subframe timing of a BS (in a given carrier candidate in case of initial synchronisation)

· Synchronization channel, which is common for all cells, is defined using 1.25 MHz BW option

· SCH of the different sectors of the BS are likely to arrive at the same time to the UE due to synchronisation. Cell search performance has to be good in this case as well and therefore it is important that the UE does not assume that only one cell has the same SCH timing but it is able to identify more than one cell (sector) with the same timing. 

· It is proposed that the synchronisation channel is transmitted in the end of the sub-frame so that the UE is able to define sub-frame timing even if the UE does not know the Cyclic Prefix length. 

· In order to support mobility measurements in various radio conditions and from other systems like GSM and WCDMA it is proposed that the synchronization channel is repeated every [4-5] sub-frames.

2. Find the pilot sequence of a given cell (pilot sequence is considered a sort of BS id similarly as scrambling code in WCDMA) 

· It should be possible for the UE to perform the pilot sequence detection using 1.25 MHz BW during the initial synchronisation. 

· Therefore it is proposed that regardless of the actual operating BW of a cell the pilots of the center sub-carriers should always be the same.

· It is proposed that TDM pilots are used and some boundary conditions are defined for CP length variation in time in order to avoid additional uncertainty in the pilot sequence detection.

It is proposed that length of the pilot sequences or pilot scrambling is the same as the repetition period of the common synchronisation channel

3. Find operating bandwidth of a cell and frame timing

· Find the frame timing of a cell with a presence of system information 

· The frame timing can easily be obtained if the system information is broadcast once in 10 ms and the system information is always transmitted in the same position in the frame.

· It is proposed that at least short system information message is broadcast using 1.25 MHz bandwidth so that during initial synchronisation the UE can read the operating bandwidth from the 1.25 MHz system information. 

4. Pilot measurements 

· After identifying a cell the UE should start pilot level measurements for the identified cell(s) in order to report neighbour measurements to the network or perform cell reselections.

In Figure 1 an example of one possible common structure based on the proposal made above is illustrated.
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Figure 1: Example of synchronisation and pilot channel structure

4. Simulation results

In this section we present initial simulation results for detecting a common synchronisation channel, which is defined based on the smallest 1.25 MHz operating BW option. We also show initial simulation results for direct pilot sequence detection, which is performed right the common synchronisation channel search. 

4.1
Synchronisation Channel Search

Probability of finding a cell based on a synchronisation channel, that is common for all cells, was simulated according to the OFDM parameters presented in Table 1. The actual operating bandwidth is 2.5 MHz and the narrow band (1.25 MHz) synchronisation channel is frequency multiplexed into it. Frontend filter is used filter the synchronisation channel out of the 2.5 MHz band, as presented in Figure 2. After the filtering has been performed the data is punctured/decimated by factor 2. Finally, correlation and delay estimation are performed for initial synchronisation. The synchronisation pattern is a random BPSK sequence. A peak to average ratio of the synchronisation sequence is 4.4 dB. A side lobe ratio of the synchronisation sequence is –18.5 dB. When synchronization channel is multiplexed into 2.5 MHz band it occupies 76 centermost subcarriers and the other carriers are data and zero carriers according to the parameters of 2.5 MHz band. It should be noticed that in the simulations the UE has only one RX antenna, and the simulation scenario is “isolated cell” i.e. the interference is completely white as the interfering base station(s) is (are) not modelled. In reality there would be more than one synchronisation channel, which would help especially in the initial synchronisation.  

Table 1 Simulation parameters for Synchronisation Channel Search

	Data bandwidth
	2.5 MHz

	SCH bandwidth
	1.25 MHz

	Samples per second
	3840000

	Number of active/zero data carriers on 2.5 MHz band
	150/106

	Subcarriers used for SCH
	76 (centermost carriers)

	Cyclic prefix
	18 [samples]

	SCH symbols per frame
	5

	Channel models
	AWGN, Flat Rayleigh fading 3 km/h

	Averaging length
	5 SCH symbols (10ms)

	Number of TX/RX antennas
	1/1






Figure 2: Simulation setup for initial synchronisation based on SCH

In the initial synchronization, the correlation between the received data and the synchronisation channel is calculated in order to produce correlation values. Moreover, the correlation values are averaged over 5 consecutive synchronisation symbols i.e. over one 10 ms frame. The maximum correlation value is selected and its delay is used as a delay estimate.

The simulation results are presented in Table 2 and 3 as probabilities for finding a cell. Table 2 contains the AWGN channel simulation results and Table 3 the flat Rayleigh fading channel results. The cell is considered found when the estimated delay corresponds to the actual timing of the cell within the accuracy of the cyclic prefix. When the cell is considered found in the first cell search step, it means that the UE will proceed to the next phase of the initial synchronisation (pilot sequence detection). If the delay estimate does not correspond to the actual delay of the base station (within the accuracy of the cyclic prefix), it is considered that the cell was not found and thereby the UE will proceed searching for a cell e.g. on other carrier frequency candidate.

Table 2: Probability for finding a cell in AWGN radio conditions

	Es/N0 [dB]
	Cell Found %

	-15
	44

	-11
	99

	-7
	100


Table 3: Probablity for finding a cell in flat Rayleigh fading radio conditions, 3 kmh

	Es/N0 [dB]
	Cell Found %

	-15
	36

	-11.
	66

	-7
	84

	-3
	95


These initial simulation results in Tables 2 and 3 indicate that the proposed synchronisation scheme based on the 1.25 MHz synchronisation channel would work even if wider operating bandwidth is used in a cell. 

4.2 Direct Pilot Sequence Detection

Pilot sequence detection for narrow bandwidth 1.25 MHz was simulated according to OFDM parameters defined in [2] with an un-synchronised multi-cell network and an isolated-cell network. The multi-cell scenario assumes a stronger interferer and two equal weaker interferers, with other interferers being modeled as AWGN . The probability of correct pilot sequence detection is plotted against the geometry value, G.  A TDM pilot structure was simulated with an overhead of 2.8% - i.e. one subcarrier allocated to pilot every 5, and one Permanent Common Pilot (PCP) ofdm symbol per 0.5 ms sub-frame.  In these initial simulations we have used 16 codes but the final number of the pilot codes should be decided after further evaluation. The non-coherent averaging period of 16 sub-frames has been used. Probabilities of correct detection are shown for the radio propagation conditions PB3 and VA350 in Figure 3.  The simulation results suggest that the pilot sequence detection probability is high at all G simulated.
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Figure 3: Pilot sequence detection for radio propagation conditions PB3 and  VA350 in 1.25 MHz bandwidth
5. Conclusions

In this document we have discussed requirements for E-UTRA cell search procedure and common channel design from the initial synchronisation and neighbour cell measurements perspectives. We propose that a synchronisation channel, which is common for all cells in the E-UTRA, is defined and it would always be transmitted using 1.25 MHz bandwidth in order to facilitate initial synchronisation in E-UTRA system that supports various BW options. It is also proposed that the synchronisation channel is transmitted every 4th or 5th sub-frame in order to efficiently support inter-RAT handovers and mobility measurements in various radio conditions. In order to avoid extra overhead caused by an additional synchronisation channel we also propose that TDM pilots are used and some boundary conditions are defined for variation of Cyclic Prefix length in time. 

We have also shown initial simulation results for the synchronisation channel search and direct pilot sequence detection. These results suggest that the proposed concept would work but naturally in order to define the final details of the concept some further work and simulations are still needed. 
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