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1. Introduction

In the joint RAN1/RAN2 meeting in Athens, the current assumption is that 4-10 bit message may be conveyed in non-synchronized random access of 0.5ms duration while 32 bit message may be conveyed in synchronized random access.  This contribution investigates the message size that may be included with random access. 
Assumptions:

· Random access bandwidth is 1.25 MHz or 5 MHz, time is a multiple of 0.5ms

· Preamble sequence length is 75 (74 different sequences may be assigned to the system).  Ep/No (energy per sequence over noise) of 16 dB is required for preamble (1% FA, 1% MD) from Figure 4.

· SNR of 2 dB is required to support FER of 1% for QPSK R=1/3

· TDM/FDM random access.
· Received SNR distribution as shown in Figure 1 [3].
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Figure 1.  Received SNR distribution for various ISD

2. Non-synchronized Random Access
Additional Assumptions:

· Guard time required is 6.7s per km.  Guard time assumed to be 66.67s (10 km cell radius)
Preamble length and supportable payload size were calculated as follows (using 1 sub-frame, cell edge C/I of -5 dB, 1.25 MHz in Table 1 as an example):

· For 1.25 MHz, there are 75 sub-carriers available in a long block and 38sub-carriers available in a short block.  Guard time is assumed to be 66.67s or equivalent to two short blocks.  Therefore, 450 sub-carriers are available for preamble and payload transmission.

· Preamble of length 75 is spread to meet the Ep/No requirement of 16 dB.  So for example with -5 dB C/I then a spreading factor of 3 is required to get to Ep/No > 16 dB.  Hence 225 sub-carriers are needed.
· For the payload, a similar calculation was done assuming QPSK R=1/3 is used.  So with -5 dB C/I, a spreading gain of 7 dB (~5) is needed to get to 2 dB SNR.  At 0.5 ms, there are 450 total sub-carriers in a sub-frame after guard.  Since preamble takes up 225 sub-carriers, there are 225 sub-carriers left.  Therefore, 225*2/(5*3) = 30 information bits can be supported.
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Figure 2.  Random access timing and duration.
Table 1.  Possible payload size in a non-synchronized random access burst (1.25 MHz bandwidth).

	Cell-Edge Operating C/I(dB)
	Required Preamble Length
(sub-carriers)
	Payload/Random Access Duration

	
	
	0.5 ms
(450 sub-carriers)
	1.0 ms
(975 sub-carriers)
	2.0 ms
(2025 sub-carriers)

	-5
	225
	30 bits
	100 bits
	240 bits

	-10
	450
	
	22 bits
	67 bits

	-15
	1275
	
	
	10 bits

	-20
	3975
	
	
	


Table 2.  Possible payload size in a non-synchronized random access burst (5 MHz bandwidth).

	Cell-Edge Operating C/I (dB)
	Required Preamble Length
(sub-carriers)
	Payload/Random Access Duration

	
	
	0.5 ms
(1800 sub-carriers)
	1.0 ms
(3900 sub-carriers)
	2.0 ms
(8100 sub-carriers)

	-5
	225
	210 bits
	490 bits
	1050 bits

	-10
	450
	56 bits
	144 bits
	319 bits

	-15
	1275
	7 bits
	35 bits
	91 bits

	-20
	3975
	
	
	17 bits


3. Synchronized Random Access

Additional Assumptions:

· No guard time.   Preamble or pilots are contained in SB.  

Table 4.  Possible payload size in a synchronized random access burst (5 MHz bandwidth).

	Cell-Edge Operating C/I(dB)
	Payload/Random Access Duration

	
	1 Sub-Frame (0.5 ms)

	-5
	240 bits (480 kbps/5MHz)

	-10
	72 bits (144 kbps/5MHz)

	-15
	24 bits (48 kbps/5MHz)

	-20
	8 bits (16 kbps/5 MHz)


4. Conclusions

It may observed from the tables that to meet -15dB cell edge operating C/I :

a. For non-synchronized random access, preamble+7 bits of information can be sent in 5 MHz BW and 0.5ms sub-frame for the FDM/TDM case.  For the CDM case only 4 bits of information can be sent in 1 ms.

b. Only 24 bits can be transmitted for synchronized random access using one 0.5 ms sub-frame and 5 MHz bandwidth which results in 10% overhead if it is assumed that one sub-frame every 5 ms is reserved for synchronized random access.   Note that at least four random access users can be supported simultaneously.
In view of the above, it is recommended not to carry any significant message for both the non-synchronized and synchronized random access.  It is better to carry a small payload (implicitly indicated by the preamble) and use a two part random access procedure for both synchronized and non-synchronized random access scheme.
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Figure 4.  Preamble energy requirement at 1% False Alarm.






























































































































































































































































