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1. Introduction

In a previous contribution, [1], we briefly discussed requirements for E-UTRA cell search concept and common channels needed for supporting cell search both for initial synchronization and neighbor cell identification purposes. In [2] we discussed the requirements further and proposed a cell search and common channel design that would meet these requirements. In this contribution we elaborate further on the proposal and present more simulation results.

2. Cell Search Procedure and Common Channel Design Proposal

A repetition of the cell search procedure proposed in [2] is given in the following section.

E-UTRA Cell Search:

1. Find the symbol and sub-frame timing of a BS (in a given carrier candidate in case of initial synchronization)

· The synchronization channel (SynCH) is common for all cells and is using the 1.25 MHz bandwidth of the operating bandwidth.

· The synchronization channels from different cell may arrive at the same time to the UE due to synchronization and the UE must be able to identify multiple synchronization channels with the same timing in addition to different timings. 

· The synchronization channel is transmitted in the end of the sub-frame in order for the UE to uniquely determine the sub-frame timing even if the UE does not know the Cyclic Prefix length used in that sub-frame.

· In order to support mobility measurements in various radio conditions and without setting too stringent requirements for E-UTRAN to provide efficient UL/DL idle periods for inter-frequency measurements and of other systems like GSM and WCDMA, 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 similar to the scrambling code in WCDMA) 

· The pilot sequence can be detected using only the 1.25 MHz BW during the initial synchronization. This means that the pilot sub-carriers and pilot sequence must be uniquely defined within this BW regardless of the actual operating BW of a cell.

· In order to limit the processing when doing the pilot sequence search, TDM pilots are preferred and some boundary conditions are defined for CP length variation in time in order to avoid additional uncertainty in the pilot sequence detection.

· The pilot sequence length or the data scrambling sequence length is the same as the repetition period of the common synchronization channel

3. Find frame timing and operating bandwidth of a cell

· The frame timing can be found using the system information, since the system information is broadcast one or several times in 10 ms and at known positions in the frame.

· The part of the system information message containing information about the operating bandwidth is broadcast in the 1.25 MHz bandwidth so that this information is available for the UE already after initial synchronization. 

4. Pilot measurements 

· After identifying a cell the UE should start pilot level measurements for the identified cell(s) in order to report neighbor 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.

[image: image1.emf]0 1 2 3 4 5 19 0 19

1 frame (10ms) = 20 sub-frames

SynCH repetition period = 5 sub-frames

1 sub-frame (0.5ms) = 7 symbols

Data

Data

Data

Data

Data

Data

SynCH

First reference 

symbols

Second reference 

symbols

Frequency

SCH sub-frame

Data

Data

Data

Data

Data

Data

SynCH

First reference 

symbols

Second reference 

symbols

Frequency

SCH sub-frame

Data

Data

Data

Data

Data

Data

BCH

First reference 

symbols

Second reference 

symbols

Frequency

BCH sub-frame

Data

Data

Data

Data

Data

Data

BCH

First reference 

symbols

Second reference 

symbols

Frequency

BCH sub-frame


Figure 1 Example of synchronization and pilot channel structure

3 Discussion

In the following, the reasons for the design choices made are further elaborated. 

3.1 Operation with multicast

It is under discussion whether or not multicast and unicast will be time or frequency multiplexed in E-UTRAN. As the operation of MBMS in E-UTRA is still unclear, it is FFS how to operate the cell search in case of time multiplexed unicast and multicast. Most likely some limitations in the variation of short and long cyclic prefixes are needed in order to have a good cell search.

3.2 Reason for 1.25 MHz synchronization channel 
Our proposal is that the synchronization channel occupies only a 1.25 MHz bandwidth regardless off the operating bandwidth. In wider operating bandwidths, the remaining sub-carriers of the OFDM symbols containing the synchronization channel can be used for data or control. A fixed bandwidth for the synchronization channel has significant advantages over having operating bandwidth specific cell search procedures.  Having only one cell search procedure means faster cell search, lower complexity and fewer options implement and test. As long as sufficient performance can be achieved using only 1.25 MHz bandwidth, there is no reason to complicate the system and potentially increase the search time by having the cell search procedure being different for different operating bandwidths. With equal energy allocated to a narrowband and a wideband SynCH, the performance differences will be minor and with the advantages in processing complexity a narrowband SynCH is preferred. In the simulations section of this document we show that using a narrowband SynCH gives close equal and sufficient performance regardless of the operating bandwidth. 
Working on a narrowband signal also has processing advantages, since doing the correlation on a narrowband signal means less processing.  

Having a narrowband SynCH is also an advantage in keeping the SynCH overhead low since a relatively high repetition factor for the synchronization channel is desirable in order to efficiently perform E-UTRA inter-frequency measurements in UL/DL idle periods and E-UTRA inter-RAT measurements from GSM and WCDMA.

In the resource aggregation discussion in RAN4#37, several operators stressed that the 1.25 MHz bandwidth is important and should no be looked on as an exceptional case. Having different Cell Search procedures for different bandwidths is therefore not desirable.

3.3 SynCH repetition period

One main reason for repeating the SynCH [4-5] times per frame is to ease inter-RAT system measurements. For example, 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 SynCH, it needs to be repeated. In GSM, the TDMA frame structure (Search Frame)is 4.6 ms and the SynCH should be repeated more often than this. 

Additionally, for E-UTRA to E-UTRA inter-frequency neighbor cell measurements, transmitting the SynCH more often than once per frame eases the operation as the limitations on simultaneous UL/DL idle periods will be less for E-UTRAN. 

It is assumed that System Information(SI) is repeated at least once per frame at known position(s) in the frame. The UE does not know the frame timing based on the SynCH detection itself, but can acquire it by detecting the position of the SI. Since there is a fixed relation between the SynCH and the SI position in the frame, the UE only has to attempt to detect the SI a limited number of times. If for example the SynCH is repeated every 5th sub-frame and the SI is repeated once per frame, then there are only 4 candidate positions for the SI.

3.4 SynCH placement in the sub-frame

In order to have a simple way of finding the sub-frame/frame timing from the SynCH timing we propose to use the last OFDM symbol in a sub-frame for the SynCH. The reason for this is that only 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. 

3.5 Pilot sequence repetition period

In order to minimize the processing needed for finding the pilot sequence used, the pilot sequence shall have the same repetition period as the SynCH. This way, the pilot sequence phase is known to the UE after finding the SynCH timing and only one phase per pilot sequence needs to be checked when searching for the pilot sequence.

With every 6th sub-carrier used for pilots in the two OFDM symbols containing pilots and a SynCH/pilot sequence repetition period of every 5th sub-frame, the number of pilot symbols within the repetition period and within the 1.25 MHz bandwidth is 120, sufficient to generate enough unique pilot sequences. 

3.6 TDM pilot advantage

For the pilot sequence detection, having a TDM pilot has computational advantages over a scattered pilot. The fewer OFDM symbols that contain the pilot, the fewer operations are needed for retrieving the pilot symbols before correlation. Limiting the number of OFDM symbols containing pilot symbols to one or two is desirable. Also, the exact sub-carriers used for reference symbols should be known to the UE. 
4 Simulation results

In this section we present further simulation results for detecting a common synchronization channel, using only 

1.25 MHz regardless of operating BW option. We also show more simulation results for direct pilot sequence detection, which is done right after the common synchronization channel search. Combined probability for detecting a cell and the pilot sequence is also shown.

4.1 Synchronization Channel Search

The probability of finding a cell based on the common synchronization channel, has been was simulated according to the OFDM parameters presented in Table 1. The operating bandwidth simulated is 2.5 MHz and the narrow band (1.25 MHz) synchronization channel is frequency multiplexed into it. A front-end filter is used to filter the 1.25 MHz synchronization channel out of the full 2.5 MHz band as shown in Figure 2. After the filtering, the data can be decimated by factor of 2 and using this decimated signal the correlation and delay estimation are performed for the initial synchronization. The synchronization pattern used is a random BPSK sequence. The peak to average ratio of the synchronization sequence is 4.4 dB with a side lobe of –18.5 dB. The synchronization channel occupies the 76 centermost sub-carriers of the 2.5 MHz band and the other carriers are data or zero carriers according to the parameters for the 2.5 MHz band. It should be noted 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 no interfering base stations are modeled. In reality there would be more than one synchronization channel present which would especially help the initial synchronization.  

Table 1 Simulation parameters for Synchronization Channel Search

	Data bandwidth
	2.5 MHz

	SynCH bandwidth
	1.25 MHz

	Samples per second
	3840000

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

	Sub-carriers used for SynCH
	76 (centermost carriers)

	Cyclic prefix
	18 [samples]

	SynCH symbols per frame
	4

	Channel models
	AWGN, Flat Rayleigh fading 3 km/h

	Averaging length
	 No averaging and 10 ms averaging

	Number of TX/RX antennas
	1/1



[image: image2]
Figure 2 Simulation setup for initial synchronization based on SynCH

Figure 3 shows the simulation results probabilities for finding a cell in a AWGN channel and in a flat Rayleigh fading channel. The cell is considered found when the estimated delay corresponds to the actual timing of the cell within the accuracy of the cyclic prefix. Increased performance can be achieved by averaging the SynCH over multiple sub-frames as shown in Figure 4 where 10 ms averaging has been used.
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Figure 3 Cell search using SynCH with no averaging
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Figure 4 Cell search using SynCH with 10 ms averaging

In Figure 5 the operating bandwidth has been increased to 10 MHz while the synchronization channel still occupies 1.25 MHz. The processing is done on the narrowband signal. The degradation in performance due to this additional processing is minor. 
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Figure 5 Using 1.25 MHz of 10 MHz for SynCH

The simulation results clearly indicate that the proposed synchronization scheme based on a 1.25 MHz synchronization channel gives sufficient performance even if a wider operating bandwidth is used in a cell. 

4.2 Direct Pilot Sequence Detection

The pilot sequence detection for the 1.25 MHz bandwidth was simulated in AWGN and flat Rayleigh fading channels. A TDM pilot structure was used, where every 4th sub-carrier is allocated to a QPSK modulated pilot symbol in one OFDM symbol per sub-frame.  The simulations were done with averaging over the pilot sequence over 10 sub-frames (5 ms). The results are shown in Figure 6. 64 different pilot sequences are searched.
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Figure 6 Pilot sequence detection. 

Again, the performance of the proposed detection scheme is very good.

4.3 Combined probability for finding cell and pilot sequence

Figure 7 shows the combined probability of finding a cell and detecting its pilot sequence. The simulations parameters are the same as in sections 4.1 with no averaging and 4.2.
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Figure 7 Combined probability of finding cell and detecting the pilot sequence.

5. Conclusions

In this document we have continued the discussion on the E-UTRA cell search procedure and common channel design from the initial synchronization and neighbour cell measurements perspectives. The proposal is to one common synchronization channel used in all cells that occupies only 1.25 MHz regardless of the operating bandwidth of the deployment. The different cells are separated using different pilot sequences, occupying the same 1.25 MHz that can be detected by the UE during the initial cell search. The synchronization channel is repeated four or five times per frame always occupying the last OFDM symbol in the sub-frame. The pilot symbol repetition period is the same as the SynCH repetition period. We have also shown simulation results for the synchronization channel search and direct pilot sequence detection that suggest that the proposed concept will provide more than sufficient performance for cell search.
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7.1.2
Physical layer procedure

----------------------------------

7.1.2.4
Cell search
In order to support efficient initial acquisition and neighbour cell identification and measurements, a cell search scheme with good performance while maintaining low complexity is required. This section describes a combination of common channels that fulfils the requirements. 
The symbol timing is found using the synchronization channel (SynCH). The SynCH is common for all cells and occupies only 1.25 MHz of the operating bandwidth. In case the operating bandwidth is higher than 1.25 MHz, the remaining sub-carriers can be used for data or control. 

The synchronization channel is transmitted in the end of the sub-frame in order for the UE to uniquely determine the sub-frame timing even if the UE does not know the Cyclic Prefix length used in that sub-frame.
In order to support mobility measurements in various radio conditions and without setting too stringent requirements for E-UTRAN to provide efficient UL/DL idle periods for inter-frequency measurements and of other systems like GSM and WCDMA, the synchronization channel is repeated every 5th sub-frame. 
The identity of a cell is found using the reference symbols. The reference symbol sequence shall be unique within the 1.25 MHz used for the SynCH so that the cell can be identified using only those reference symbols. Some limitations on the variation in cyclic prefix length and location of reference symbols are needed in order to minimize the time needed for identifying the cell.
Frame timing and operating bandwidth is found from the system information. Broadcasting the system information known position(s) in the frame, the UE can, based on the location of the SynCH, decode the system information by trial and error from a few possible locations. The part of the system information message containing information about the operating bandwidth is broadcast in the 1.25 MHz bandwidth. 
Figure xxx shows the structure of the synchronization channel, reference symbols and broadcast channel.
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Figure xxx Example of synchronization, reference symbol and system information channel structure

---------------------------------------------- End text proposal ----------------------------------------------

H+WGN





FEnd Filter





/2





RX 





Correlator





DelayEst





Tx














































































































