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1. Introduction

The random access channel is used for initial access to the network as well as to transmit small to medium amount of control information.  Random access may be non-synchronized or synchronized depending on the UE uplink synchronization status.  For non-synchronized random access, two alternatives are currently being considered:

· separation of non-synchronized random access and scheduled data transmission in the time/frequency domain, and

· separation of non-synchronized random access and scheduled data transmission in the code domain.

In this contribution, the issue of separating random access and scheduled data transmission for non-synchronized random access is addressed.
2. Non-Synchronized Random Access
Separation in the time/frequency domain, where random access attempts are restricted to certain time/frequency resources, is illustrated in Figure 1. The minimum bandwidth, BWRA, allocated for non-synchronized random access transmission is 1.25 MHz. For system bandwidths larger than 1.25 MHz, either the random access transmission uses a larger bandwidth, or multiple random access channels are defined.  The length of the non-synchronized random access burst, TRA, is less than (multiples of) 0.5 ms to allow the burst, and the required guard time to account for the uplink timing uncertainty, to fit within a sub-frame (or multiples thereof).
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Figure 1.  TDM/FDM option example using 1 sub-frame and preamble-only transmission in the random access burst
Separation of the non-synchronized random access and scheduled data transmission in the code domain is shown in Figure 2.  With this structure, random access attempts are not restricted to certain time/frequency resources. Random access attempts and data transmissions may collide and the receiver relies on sufficient processing gain to extract random access from data.  
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Figure 2  Example of CDM of Scheduled Channels and random access preamble
3. Performance comparison

Non-synchronized access is used for initial access when the UE has not been time synchronized or loses uplink synchronization.  As a result, it is expected that only a small fraction of UE’s will utilized non-synchronized random access.  In this analysis, 10-100 average initial access attempts per one second are assumed.  
Comparison between the two schemes is provided as follows:

· Interference to scheduled data transmission:  The main drawback of the code domain separation approach is the possible interference to scheduled data transmission.  Table 1 shows the interference level with 16 available orthogonal preamble sequences using the CDM design described in [1].  The interference illustrated is the ratio of random access power to the scheduled channel receiving power.  The probability that the interference level is -17dB is 9.048%, 0.452% for -14dB, and 0.015% for -12dB.  From the table, it is seen that the interference to scheduled channel transmission is marginal, even at 100 initial accesses per second.  
Table 1:  Collision Probability and Interference Distribution for Code Domain Separation (5MHz System Bandwidth).

	Number of Initial Access per Second
	Collision Probability
	Average EI(dB)
	Prob Interference Rise = -17 dB
	Prob   Interference Rise = -14 dB
	Prob Interference Rise = -12 dB

	100
	0.623%
	-27.0000
	9.048%
	0.452%
	0.015%

	80
	0.499%
	-27.9691
	7.385%
	0.295%
	0.008%

	60
	0.374%
	-29.2185
	5.651%
	0.170%
	0.003%

	40
	0.250%
	-30.9794
	3.843%
	0.077%
	0.001%

	20
	0.125%
	-33.9897
	1.960%
	0.020%
	0.000%

	10
	0.062%
	-37.0000
	0.990%
	0.005%
	0.000%


· Collision probability:  Table 1 also shows the collision probability for the code domain separation structure.  However, collision probability is related to the number of random access opportunities rather than random access method.  Therefore, both access structures can be designed to provide similar random access opportunities.  Just as an example, when there are 100 initial accesses per second, the collision probability is 0.623%.  This probability is lower than 1%, which is usually the error rate of control channel.   From the results shown, collision is not expected to be a significant problem for non-synchronized random access.
· Random Access Overhead: The main drawback of time/frequency domain separation is the reduction in available system capacity as shown in Table 2.  For a comparable collision probability in Table 1, it is seen that random access overhead is also small.  Note that the code domain approach does not required reservation of time/frequency resource at the expense of a small amount of interference as discussed previously.   
Table 2:  Random Access Overhead with Time/Frequency Separation (5MHz System Bandwidth, Random Access BW of 1.25 MHz).

	Number of Initial Access per Second
	Reduction in System Capacity

	100
	1.25%

	80
	1.00%

	60
	0.75%

	40
	0.50%

	20
	0.25%

	10
	0.13%


· Message Payload Inclusion:  With time/frequency domain separation of scheduled data and random access, message payload inclusion in initial access is straightforward.  The amount of supportable payload will depend on coverage requirement and bandwidth allocation.  However, with code domain separation of scheduled data and random access, message payload inclusion is problematic as adequate spreading must be performed to keep interference level low.  It is expected that a very limited amount of payload can be accommodated via the code domain structure.
· Preamble Detection and Timing Estimation:  Both preamble detection and timing estimation are dependent on the design of the preamble.  Naturally, with code domain separation, longer preamble sequences are available.  However, with good sequence design preamble detection may not depend on sequence length.   With regard to timing estimation, timing estimation should improve as bandwidth increases.    Because full system bandwidth is used for code domain separation, timing estimation is expected to be more accurate.
· Latency:  To maintain low overhead, time/frequency reservation for non-synchronized random access must be infrequent.  For example, from Table 2 it is seen that only one random access region is needed every 10 ms with 100 initial access attempts per second.  However, this will significantly increase the UE transition time to a synchronized state.  With code domain separation, random access opportunities can be much more frequent (e.g. every 1 ms) while still generating low interference.  Thus, code domain separation can result in much lower latency.
4. Conclusion
Since non-synchronized random access is expected to be performed infrequently, code domain separation is an attractive option due to its minimal impact on scheduled data, low latency and better timing estimation performance.  

5. References

1. R1-060387, “RACH Design for E-UTRA,” Motorola, RAN1#44, Denver, USA, Feb. 2006.
2. R1-060885, “EUTRA Random Access Channel TP from e-mail discussion,”  RAN1#44-bis, Athens, Greece, March 2006.





























































































































































































































































