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1. Introduction

The synchronized random access procedure may be used when the UE uplink is time synchronized by the Node B. The purpose is for the UE to request resources for uplink data transmission.  This contribution discusses synchronized random access channel design for LTE.
2. Design of Synchronized Random Access Channel
Synchronized random access uses reserved time/frequency region for preamble and control information transmission.  One of the key requirements for synchronized random access is to minimize the number of collisions when multiple UE’s send scheduling request (SR) at the same time while meeting the coverage requirements.
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Figure 1    Reserved Region for Synchronized Random Access Channel
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Figure 2    Synchronized Random Access Region in a 5-MHz Deployment

As shown in Figure 1, one sub-frame can be reserved for synchronized random access [7].  As an example, this region may be reserved every 10 sub-frames, or every 5ms.  The occupied bandwidth for the preamble and its message is 1.25MHz, which corresponds to 75 sub-carriers for long blocks and 37 subcarriers for the short block.  For a 5-MHz deployment scenario, the random access region is illustrated in Figure 2.   
2.1. Preamble only Structure 
This is similar to non-synchronized random access channel design where the message is implicitly carried by the preamble.  For 1.25 MHz BW, the overhead is only 2.5% while the number of access opportunities is 16 (assuming 16 orthogonal sequences).
2.2. Message Multiplexing with Preamble
In the reserved random access sub-frame for synchronized access, a preamble/reference signal from a UE may occupy the whole 1.25 MHz with a signature sequence of length 75 for long block, while its message part uses only a portion of total of 1.25 MHz bandwidth in the short blocks, as shown in Figure 3.  There are three preamble/reference sequences code-multiplexed in the long blocks, as shown in the example of Figure 3.  For the message part contained within the 2 short blocks, it is divided into three parts, each of which has 24 subcarriers with localized allocation.  Each of the 24-subcarrier regions is associated with one of the three preamble sequences.  With this approach, there are a total of 3 access opportunities in one access slot for 1.25 MHz bandwidth.    If a random access slot is reserved every 5ms the total overhead for synchronized random access is about 2.5%.
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Figure 3  Message multiplexing with preamble
2.3. Message Multiplexing with Pilots 
An alternative approach for preamble transmitting is illustrated in Figure 4.  In this case, random access attempts occur in disjoint TDM/FDM regions predefined within a sub-frame.  Instead of a preamble, reference signal is included with each message to aid in demodulation.  In this design, 6 random access opportunities are available within 1 sub-frame for 1.25 MHz bandwidth.   
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Figure 4    Message multiplexing with pilots
3. Payload and Overhead
Because of low operating C/I requirement to satisfy coverage issue [3], the preamble sequence of random access should be long.  Table 1 illustrates the payload size and overhead for synchronized random access design.  As shown in Table 1, with one sub-frame and 1.25MHz reservation, the random access can operate at C/I as low as -16dB with 4 message bits and with 3/6 access opportunities per preamble sequence every 5ms.  This also yields an overhead of 2.5%.  For the preamble only case, the message payload is reduced to 0 while the number of access opportunities is increased to 16.
Table 1. Payload Size and Overhead
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Preamble-only 1.25 0.5 5 0 16 2.50%

Preamble with Message 1.25 0.5 5 4 3 2.50%

Message with Pilots 1.25 0.5 5 4 6 2.50%


Finally, it may be noted that by carrying a separate message payload the number of random access opportunities is reduced and but the chances of collision resolution is decreased. 

4. Conclusion
A preliminary design for synchronized random access channel is presented in this contribution.  This contribution discusses detail design of preamble signature allocation and its associated message allocation, together with preamble overhead and payload size.  It is recommended that the synchronized random access channel only carry preamble with implicit messaging since the other alternatives discussed in this contribution are not appealing.
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