3GPP TSG-RAN-1 Meeting #37
R1-040424

Montreal, Canada   16th – 20th   February 2004

Source:  
WAVECOM

Title:                          OFDM UE Cell Search and Measurements Complexity
Agenda Item:

6.4 OFDM

Document for:
Discussion and Decision 

1 Introduction

OFDM Cell search has to be supported within OFDM system. This can be done in two ways: either UTRAN aided or UTRAN independent.

Must of Cell Search procedure stage are part of synchronization stages, thus OFDM cell search complexity is essentially the complexity of the synchronization as described in [1].

Document [2] describes the UE measurements abilities within UTRAN system. These measurements are supposed to be sufficient for all UE functionalities including cell search and hand over.

2 Cell Search

The cell searcher is responsible to identify OFDM cell in the network. OFDM Cell search consists on the following steps :

1. OFDM signal search

2. Sub-Frame and Frame timing synchronization

3. Sample (chip) timing synchronization

4. Cell Id identification.

2.1 OFDM signal search

This step is prior to any other step. It is done during initial synchronization as it is described in section 6.5.1.3 of the TR [1]. Depending on the collaboration between the OFDM and UTRAN, this can be done either by forward information about time references or by auto-correlation on the received OFDM signal aiming at finding a signal having the specified OFDM structure. At the end of this stage, when OFDM signal is found, the OFDM symbol synchronization is also occurred.

2.2 Sub-Frame  and Frame timing synchronization

Once again depending on the collaboration between the OFDM and UTRAN, this stage can be done either by forward information from UTRAN or by OFDM specified operations based on information transmitted within the OFDM signal, such as OFDM symbol numbering or sending OFDM symbol pilot at the binning of each sub-frame or frame. At the end of this stage, a TTI or a frame entity can be completely localized.

2.3 Sample (chip) timing synchronization

This stage is responsible on fine clock synchronization. This is essentially a stage of the synchronization procedure as described in section 6.5.1.2 of the TR [1]. At the end of this stage, OFDM received signal can be sampled with high accuracy in order to be demodulated. 

2.4 Cell Id identification

The cell identification number can be sent by UTRAN if it controls the OFDM system. If OFDM system is independent from UTRAN, this information can be sent through the OFDM signal itself. In the case where the pilot shape distribution is function of the Cell Id [4], the Cell Id information can be obtained by detecting the pilot shape distribution used by the received OFDM signal. This method is similar to Scrambling code detection within W-CDMA.

3 Cell search complexity

Cell search procedure is essentially based on synchronization procedure, thus its complexity is highly dependent on synchronization chosen method. One possible synchronization method is presented in [3]. 

During Cell search, some measurements, such as OFDM Carrier RSSI during OFDM signal search, may be required by the system. Other measurements as OFDM-CPICH RSCP and OFDM-CPICH Ec/No can also be done during Cell Id identification stage of after cell search is ended.

4 UE OFDM-UTRAN measurements

UE measurements required in [1] address a complete and stand alone communication system.  At this stage of the SI, the complete equivalent list for OFDM is not defined yet. Following the description in [2] concerning mobility aspects for OFDM in UTRAN, the required measurements can be listed below:

· OFDM carrier RSSI

· OFDM-CPICH RSCP

· OFDM-CPICH Ec/No

4.1 OFDM Carrier RSSI (Received Signal Strength Indicator)
This measurement is similar to UTRA Carrier RSSI. It concerns the received OFDM band power, including thermal noise and noise generated in the receiver, within the bandwidth defined by the system. Two cases may be considered:

4.1.1 In time domain

This measurement can be fulfilled in order to get information about the  available neighboring cells to which the UE may hand over. The measurements can be done in time domain at the output of the ADC on the sampled received signal  (r(k)) as:
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which requires 2*(N+Np) real multiplication per OFDM symbol.

During cell search, an auto-correlation is done on the received signal (r(k)) over the guard interval length (as presented in [3]) as:
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In a first order approximation, when considering the guard interval power as representative of the signal power, this measurement can be replaced by the power of the
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as calculated in (2), i.e. 
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This requires 2*(N+Np) real multiplication per OFDM symbol. 

In a second order approximation, since the 
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is supposed to have a maximum value when the correlation is done between the guard interval part and the matching signal part (the last part of the OFDM symbol) and almost zero other where, OFDM Carrier RSSI can be calculated as the power of the maximum value of 
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which reduced drastically the measurement complexity.

This requires 2*Np real multiplications per OFDM symbol.

4.1.2 In frequency domain

In this case, the OFDM signal is received and demodulated, OFDM carrier RSSI can be measured after FFT demodulation for each OFDM symbol (k) as:
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where xj(k) is the sub-carrier symbol at time k.

this requires 2*Nu real multiplications per OFDM symbol.
4.2 OFDM-CPICH RSCP (Received Signal Code Power)
This measurement is done after signal demodulation. Its value is obtained by averaging the received pilots power over the considered measurement interval (if the measurement interval is one TTI, then the OFDM-CPICH RSCP is the total received pilot powers over the whole sub-frame)
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where Pj(k) is a pilot symbol at the jth sub-carrier and the kth OFDM symbol.

Each pilot power calculation requires 2 real multiplication, the total complexity is 2*(pilot number within the measurement interval) real multiplication. 

4.3 OFDM-CPICH Ec/No (Received Energy per chip/power density in the band)
According to [2], this value is identical to (CPICH RSCP)/(UTRA Carrier RSSI), thus it is obtained by soft operation. By analogy, OFDM-CPICH Ec/No can be obtained as (CPICH RSCP)/(OFDM Carrier RSSI).
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6.7.3 Synchronization

6.7.4 Cell Search and Measurements

6.7.4.1 Cell Search

OFDM cell search consist on the following steps done in a forward way:

1-
OFDM signal search may be done during initial synchronization as described in section 6.7.3. At the end of this stage, when the OFDM signal is found, the initial OFDM symbol based synchronization is also occurred. Its complexity depends on the collaboration scheme between OFDM link and UTRAN.

2-
Sub-frame and frame timing synchronization may be done either by UTRAN forward information or by OFDM based information such as OFDM symbol numbering for instance or specified control OFDM symbols. The complexity depends on the chosen method.

3-
Sample timing synchronization provides clock fine timing synchronization. This is essentially a stage of the synchronization procedure as described in section 6.5.1.2, the complexity of which is described in section 6.7.3.

4-
Cell Id identification  may be sent either by UTRAN or supported by the OFDM link. By analogy with Cell Id identification using scrambling code within W-CDMA, different pilot shape approach may be used to identify OFDM cells.

6.7.4.2 Measurements

Measurements required to fulfil operations described in this document may be listed below:

1-
OFDM Carrier RSSI (Received Signal Strength Indicator) measurement is similar to UTRA Carrier RSSI. It can be done either in time domain or in frequency domain:

· In time domain: signal power can be calculated on the received sampled signal at the output of the ADC. This requires 2*(N+Np) real multiplication per OFDM symbol. When considering the OFDM power as equally spread over the OFDM signal, OFDM Carrier RSSI measurement can be done only on the guard interval part which is already done during the synchronization procedure presented in section 6.7.3. the OFDM Carrier RSSI measurement can be taken as the power of the points for which the auto-correlation is maximum. The resulting complexity is 2 real multiplications per OFDM symbol.

· In frequency domain: This is done by calculating the signal power after FFT operation over the Nu used sub-carriers including pilots. This requires 2*Nu real multiplication per OFDM symbol.

2- 
OFDM-CPICH RSCP (Received Signal Code Power) measurement is done after signal FFT demodulation. Its value is obtained by averaging the received pilots power over the considered measurement interval (if the measurement interval is one TTI, then the OFDM-CPICH RSCP is the total received pilot powers over the whole sub-frame). Each pilot power calculation requires 2 real multiplications, the total complexity is 2*(pilot number within the measurement interval) real multiplication.

3- OFDM-CPICH Ec/No (Received OFDM CPICH Energy per chip / Power density in the band) measurement is identical to (CPICH RSCP)/(UTRA Carrier RSSI) for W-CDMA. By analogy, for the OFDM case, it can be obtained by (CPICH RSCP)/(OFDM Carrier RSSI) by soft calculation
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