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1 Introduction
At the shanghai meeting, it was agreed on the RACH issue that there would be no explicit message part for non-synchronized random access and the maximum number of implicit message bits is between 4 and 8. However, it is still open to discuss the transmission method of the implicit message. So in this document, we propose a novel method to transmit the implicit message along with preamble. Meanwhile, according to the calculation of link budget on RACH [1-3], two candidates of RACH structure are also suggested.  
2 Preamble Design 
   2.1 Signature sequence 

  It has been agreed by many companies that Zadoff-chu/GCL CAZAC sequence [4] is preferred to be chosen as preamble signature on the advantages of good correlation property and low PAPR, i.e.
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the index of CAZAC sequence, and 
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 is an indicator of CAZAC sequence which can be used for signature identity. The preamble symbol is modulated as OFDM symbol which can be generated as Fig.2.
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Fig.1. Tx structure for RACH preamble [5].
 2.2 Proposed control message transmission 
    The cyclic shifted preamble is employed to implicatively convey the small part of control message and the number of shift size indicates the message information such as physical link establish cause, priority, resource request, CQI, etc. See Fig.2. Suppose the length of message symbol is L, and the basic shift size is
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. Hence, the whole number of shifted preamble is 
[image: image6.wmf]/

s

KLN

=

 and the maximum number of control information conveyed in one message symbol is 
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bits, which is determined by the length of preamble duration and the minimum cyclic shift size. Actually, the preamble length L is fixed in the dedicated bandwidth, so the message bits M is only relied on
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. To increase the message information bit M, the basic shift size 
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 should be as small as possible. However, in the multi-path fading channel, channel delay spread will interference the message detection if 
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is too aggressive. So there is a trade-off between the number of message bit and the performance of message detection.
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Fig.2. the cyclic shifted preamble
In order to avoid ambiguity induced by the timing delay, the cyclic shifted preamble must be transmitted along with the preamble. Therefore, In the Node B receiver, the message detection can be based on the relative distance between the preamble and shifted preamble (see Fig 3).
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    Fig.3. the message detection based on the preamble detection
 2.3 Proposed non-synchronized RACH structure 
  According to the TR25.814 [6], random access channel is time/frequency multiplexed with other channels and the minimum bandwidth allocated for non-synchronized random access transmission is 1.25 MHz. For system bandwidths larger than 1.25 MHz, Multiple 1.25MHz random access channels are used for random frequency hopping. 
Currently, link budget on non-synchronized RACH has aroused a lot of discussion on the design of non-synchronized RACH structure [1-3].The choice of RACH structure should be dependent on the requirements of the cell coverage. Based on the Motorola’s design [1, 2], non-synchronized random access burst is a multiple of sub-frame, while, preamble and guard time share one RA burst. Suppose 1 sub-frame with 1.25M bandwidth is used for cell edge C/I of -5 dB, preamble of length 73 need at least repeat 3 times to meet the Ep/No requirement of 16 dB [1] .we propose two candidates of non-synchronized random access burst to transmit both preamble and small part of control message. See Fig.4. In two candidates, the round-trip delay is assumed to be 66.67us and the repetition factors of preamble and shifted preamble are 4, 2 respectively. Guard time is reserved at the beginning of burst to prevent ISI due to channel delay. In the candidate 1, the timing of shifted preamble can be independent of preamble detection, while in the candidate 2, the timing estimation from preamble is required before message detection. The maximum number of message in two candidates can be 5 bits.  
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         Fig. 4(a).  The proposed preamble structure in one RA burst: Candidate 1

[image: image14.emf]preamble preamble preamble preamble

Shifted

preamble

Shifted

preamble

2×(LB +CP) 4×LB

1 subframe = 0.5 msec

CP CP

RTD

2×SB

GT

        Fig. 4(b).  The proposed preamble structure in one RA burst: Candidate 2

2.4 Proposed detection procedure
   In our design, user detection in Node B during initial random access can be divided into two steps:

1) Step 1 (preamble detection): the task of preamble detection is to identify user and make timing delay estimation or channel estimation.
2) Step 2 (shifted preamble detection): there are two purposes in this step: one is to confirm the result of preamble detection, such as user signature, timing estimation, etc, and the other is to detect the message information. 

   Fig. 5 illustrates the detection procedure in Node B receiver.
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Fig.5. Detection procedure in Node B receiver
3 Simulation Results  
The performance of the proposed RACH structure is evaluated on the respect of preamble detection probability and BLER of message detection. In the following simulation, we suppose the system bandwidth is 5M and the RACH bandwidth is 1.25M, so there are 4 RACH frequency bands for user frequency hopping on the whole transmission bandwidth during the initial random access. The other simulation parameters are specific in the Tab.1. In the following simulation, the user collision is not included.
Fig .6 and Fig. 7 present the miss detection probability and false alarm of preamble detection on both candidate structures. Fig.8 illustrates the BLER performance of message detection under the ideal channel estimation and real channel estimation from preamble detection. From the simulation, it can be seen that the candidate 2 performs better than the candidate 1 because of message average gain from received two shifted preambles. However, the implementation complexity of receiver to candidate 2 will be increased compared to that of candidate 1. By the way, there is still room for threshold optimization for both candidates.

Tab.1. simulation parameters
	RACH bandwidth
	1.25M

	FFT size
	512

	CP length
	31

	Signature 
	Zadoff-chu

	Signature length
	73/1.25M

	The number of available signatures
	16 

	Simultaneous Users
	1,4

	Delay spread
	FFT/2 samples

	TX/Rx
	1/1

	Channel
	TU6-30km/hr

	Short Message 
	5 bits

	The minimum Shift step 
	16 samples

	Channel Equalizer 
	MMSE equalizer with preamble channel estimation

	Threshold 1
	9dB

	Threshold 2
	7.5dB
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Fig.6. Miss detection probability of preamble on two candidates
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Fig.7. False alarm of preamble on two candidates
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Fig.8. BLER of message detection with ideal and real channel estimation on two candidates 
4 Conclusions 
   In this contribution, we proposed an application of cyclic shifted preamble to implicatively convey the small part of control message during the non-synchronized random access. Based on the consideration of link budget, two candidates of non-synchronized random access burst are also proposed. From the performance evaluation, both proposed candidates offer the reliable transmission of preamble and message on the contention-based channel. Furthermore, the proposed structure can also be extended to long random access burst in the case of large cell radius. The application of proposed method in synchronized RACH is FFS.
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