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1
Introduction
The design of E-UTRA DL Acqusition Procedure should be such that the acquisition time is minimized, while keeping the UE complexity low and a small synchronization channel (SCH) overhead. While the benefits of operating the LTE system synchronously are recognized, one of the requirements is that the acquisition procedure should be such that it does not necessitate a synchronous network operation.
In this document, we discuss the principles of DL acquisition for E-UTRA.

2 Discussion
2.1
Problem Statement
The objective of the DL synchronization channel (SCH) is to enable acquisition of OFDM symbol timing, radio frame timing, cell-specific scrambling code and a coarse estimate of the frequency offset between the UE and Node-B LO.

2.2
DL Scrambling Codes

The E-UTRA system should support a large number of cell-specific scrambling codes, with each cell identified by a unique scrambling code. It should be ensured that across all deployment scenarios, there is no possibility for a UE to observe two cells using the same scrambling code. However, the number of DL scrambing codes dictates the E-UTRA acquisition complexity. There is an inherent tradeoff between acquisition complexity and network planning. 
2.3
Hierarchical Structure
If a UE attempts to acquire the system timing and identify the cell specific scrambling code in a single attempt, a large number of hypotheses would be required for the acquisition algorithm. It is desirable to acquire the system in a hierarchical manner, wherein the frame timing is obtained first along with narrowing down the choices for the scrambling code, followed by the exact identification of the scrambling code.

From this perspective, we define a two or three step acquisition process and two channels to support the structure:

· Primary SCH (P-SCH)

· Same across all the cells in the network or scrambled with a few bits of the scrambling code ID

· Secondary SCH (S-SCH)

· Scrambled with a few bits of the scrambling code ID
2.4


Periodicity

The SCH should be transmitted/repeated frequently (every 10ms or 20ms) to ensure a small acquisition time with minimal overhead.

2.5
SCH Multiplexing
The P-SCH and S-SCH should be sent periodically in TDM at a fixed location in time.
The P-SCH and S-SCH occupy one or more OFDM symbols each within each super frame preamble [2]. The exact number of OFDM symbols dedicated to the SCH is FFS at this stage. This is shown in Figure 1.
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Figure 1

SCH and CCCH Multiplexing
2.6 


Impact of Scalable Bandwidth and UE Capability
As per the requirements, the system bandwidth could be any of {1.25, 2.5, 5, 10, 15, 20} MHz and is unknown to the UE when it is performing a cold start. Further, the design should be such that it can enable UEs with different RF and demodulation capabilities to acquire the system. There are multiple approaches to solve this problem:

2.6.1
Approach I-A
The SCH is always transmitted using a fixed bandwidth (1.25 MHz) regardless of the actual system bandwidth. In this approach, the SCH is centered within the system bandwidth. 

This ensures that all UEs can easily acquire the system and read a part of the common control channel CCCH (also sent in 1.25 MHz) which broadcasts the system parameters. This is shown in Figure 2.
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Figure 2

Approach I-A
2.6.2
Approach I-B

The minimum UE capability for LTE terminals is still FFS. It is conceivable that the minimum UE capability is the same as in WCDMA, namely 5 MHz.

If the minimum UE capability is 5 MHz, the transmission bandwidth of SCH is dictated by the system bandwidth. If the system bandwidth is less than 5 MHz, the SCH is transmitted using 1.25 MHz. If the system bandwidth is greater than or equal to 5 MHz, the SCH is transmitted using 5 MHz. The acquisition algorithm has to deal with double the number of hypothesis as compared to Approach I-A. Therefore:
SCH transmission bandwidth = min { System bandwidth, Minimum UE capability }

This approach is shown in Figure 3.

[image: image3.wmf]Freq

SCH

20 

MHz

Freq

SCH

10 

MHz

Freq

SCH

5 

MHz

Freq

SCH

1

.

25 

MHz


Figure 3

Approach I-B
2.6.3
Approach II-A 
In this approach, the system is operated in a quasi multi-carrier mode, with each carrier spanning 1.25 MHz. There are {1, 2, 4, 8, 16} such carriers for {1.25, 2.5, 5, 10, 20} MHz system bandwidth. When the system bandwidth is greater than 1.25 MHz, guard sub-carriers are inserted between each carrier. 
The SCH spans multiples of 1.25 MHz (1, 2, 4, 8, 16), depending upon the system bandwidth. When a UE acquires the system in one of the 1.25 MHz carriers, it reads the system parameters from that carrier.

2.6.4
Approach II-B
In this approach, the system is operated in a quasi multi-carrier mode, with each carrier spanning either 1.25 MHz or 5 MHz depending upon the system bandwidth. This approach is different from Approach II-A only if the minimum UE capability is 5 MHz.

For {5, 10, 20} MHz system bandwidth, the SCH spans 5 MHz in each carrier and there are {1, 2, 4} such carriers respectively.

For {1.25, 2.5} MHz system bandwidth, the SCH spans 1.25 MHz in each carrier and there are {1, 2} such carriers respectively. In this scenario, the approach is identical to II-A.
3 Conclusions

We discussed the main concepts relevant to the E-UTRA acquisition structure and propose to add these as text in [1].

------------------------------------------------ Begin Text Proposal ----------------------------------------------------------------------
7.1.2.4

Cell search
7.1.2.4.1

DL Scrambling Codes
The E-UTRA system should support a large number of cell-specific scrambling codes, with each cell identified by a unique scrambling code. It should be ensured that across all deployment scenarios, there is no possibility for a UE to observe two cells using the same scrambling code. However, the number of DL scrambing codes dictates the E-UTRA acquisition complexity. There is an inherent tradeoff between acquisition complexity and network planning. 

7.1.2.4.2
Hierarchical Structure
It is desirable to acquire the system in a hierarchical manner, wherein the frame timing is obtained first along with narrowing down the choices for the scrambling code, followed by the exact identification of the scrambling code.

A hierarchical acquisition process is defined, along with two channels to support the structure:

· Primary SCH (P-SCH)

· Same across all the cells in the network or scrambled with a few bits of the scrambling code ID

· Secondary SCH (S-SCH)

· Scrambled with a few bits of the scrambling code ID
7.1.2.4.3
Periodicity
The SCH must be transmitted/repeated frequently (every 10ms or 20ms) to ensure a small acquisition time with minimal overhead.
7.1.2.4.5 Impact of Flexible Bandwidth and UE Capability

The system bandwidth could be any of {1.25, 2.5, 5, 10, 15, 20} MHz and is unknown to the UE when it is trying to acquire the system. The system should enable UEs with different RF and demodulation capabilities to acquire the system.
7.1.2.4.5.1
Approach I
The SCH is always transmitted using a fixed bandwidth (1.25 MHz) regardless of the actual system bandwidth. In this approach, the SCH is centered within the system bandwidth. 

This ensures that all UEs can easily acquire the system and read a part of the common control channel CCCH (also sent in 1.25 MHz) which broadcasts the system parameters. This is shown in Figure 7.1.2.4.5.1-1.
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Figure 7.1.2.4.5.1-1

Approach I

7.1.2.4.5.2
Approach II
The SCH transmission bandwidth depends upon the system bandwidth and minimum UE capability. 
If the minimum UE capability is 5 MHz, the transmission bandwidth of SCH is dictated by the system bandwidth. 
If the system bandwidth is less than 5 MHz, the SCH is transmitted using 1.25 MHz. If the system bandwidth is greater than or equal to 5 MHz, the SCH is transmitted using 5 MHz. 

This approach is shown in Figure 7.1.2.4.5.2-1.
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Figure 7.1.2.4.5.2-1

Approach II – Minimum UE Capability = 5 MHz
7.1.2.4.5.3
Approach III 
The system is operated in a quasi multi-carrier mode, with each carrier spanning 1.25 MHz. There are {1, 2, 4, 8, 16} such carriers for {1.25, 2.5, 5, 10, 20} MHz system bandwidth. When the system bandwidth is greater than 1.25 MHz, guard sub-carriers are inserted between each carrier. 

The SCH spans multiples of 1.25 MHz (1, 2, 4, 8, 16), depending upon the system bandwidth. When a UE acquires the system in one of the 1.25 MHz carriers, it reads the system parameters (CCCH) from that carrier.

7.1.2.4.5.4
Approach IV
The system is operated in a quasi multi-carrier mode, with each carrier spanning either 1.25 MHz or 5 MHz depending upon the system bandwidth. This approach is identical to Approach III if the minimum UE capability is 1.25 MHz.
Assuming that the minimum UE capability is 5 MHz:
· For {5, 10, 20} MHz system bandwidth, the SCH spans 5 MHz in each carrier and there are {1, 2, 4} such carriers respectively.

· For {1.25, 2.5} MHz system bandwidth, the SCH spans 1.25 MHz in each carrier and there are {1, 2} such carriers respectively. 
-------------------------------------------------------------- End Text Proposal ----------------------------------------------------------
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