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1 Introduction

In Athens meeting, for non-synchronized random access case, it was agreed that the duration of RACH burst is multiple subframes and the code sequences are CAZAC-like sequences. However, there was no decision on the number of message bits in RACH burst. 
This document suggests the signal format and the modulation scheme, and gives the number of message bits transferred without performance loss on preamble detection. 
From link-budget analysis without penetration loss, 30Km-radius cell can be supported 2 subframes with 1.25MHz RACH BW. Considering 20dB penetration loss, the required duration increases to one frame. On the other hand, 8-bit message can be included without message part in a burst if Walsh codes are multiplied by preamble signals over time domain to include messages implicitly. 
2 Signal structures 
According to TP on LTE RACH agreed in the previous meeting, the non-synchronized random access burst can be divided into two parts, a preamble part and a message part. In addition, the minimum RACH BW is localized 1.25MHz, and the duration may cover multiple subframes [1]. 
Especially for message part, the problem on resource reservation exists when multiple signatures are used for a random access channel. To solve such a problem, it is better to include message information in preamble signatures implicitly. According to the simulation results in section 3, 8-bit information can be included without any performance loss at RACH preamble. 
On the other hand, to determine the required duration of random-access burst, link budget analysis should be performed. The detailed link budget parameters are referred from [1]. In brief, the required subframes to support various cell-size cases are shown in table 1. We assumed that the required Ep/No is 18.5dB, and the shadowing margin is 8dB [2]. 
Table 1 : The required subframes (No penetration loss)

	Cell radius
	1Km
	2Km
	5Km

	Antenna Height
	15
	15
	30

	Path loss model
	ITU-R
	ITU-R
	ITU-R

	UE Tx capability
	21dBm
	0.01
	0.14
	0.88

	
	24dBm
	0.01
	0.07
	0.44

	
	27dBm
	0.00
	0.04
	0.22


For the case of 30Km-radius cell, the path loss model changes to a rural model and the antenna height increases to over 50meter. In that case, the path loss value due to air channel is almost equal to 5Km case in table 1 [3]. Since the round-trip delay (RTD) for 30Km case is 20% of a subframe, the required duration for a random access channel is 2 subframes. 
Considering 20dB penetration loss, the numbers of required subframes are shown in table 2. Using 27dBm UE, the required duration is almost 1 frame. 
Table 2 : The required subframes (20dB penetration loss)

	Cell radius
	1Km
	2Km
	5Km

	Antenna Height
	15
	15
	30

	Path loss model
	ITU-R
	ITU-R
	ITU-R

	UE Tx capability
	21dBm
	1.0 
	14.0 
	87.7 

	
	24dBm
	0.5 
	7.0 
	44.0 

	
	27dBm
	0.3 
	3.5 
	22.0 


With above regards, we recommend that the signal structure of non-synchronized case has the following format. 
- A non-synchronized RACH burst has only preamble part.

- The basic signal format of a non-synchronized RACH has one-subframe duration as shown in figure 1.
- The detailed duration of a preamble part is FFS. (But we currently assumed it is 6 UL SCH LB size)

- The maximum duration of a non-synchronized RACH is one-frame duration (20 subframes).
- Set the parameter of N that is the number of subframes for a non-synchronized RACH duration. (0<N<21, N is integer)
- For N-subframe RACH, the preamble burst is the N-time repetition of a basic preamble burst as shown in figure 2.

To save the complexity for generating code signatures, it uses the preamble repetition for multiple-subframe cases. The portion of CP except RTD is reserved at both the initial and final part to avoid the effect of unknown fading dispersion. 
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Figure 1 : A basic signal structure of a non-synchronized RACH (one-subftrame duration)

[image: image2.wmf]RACH preamble part

N subframes

Tp

Basic preamble part

of a subframe

Basic preamble part

of a subframe

Basic preamble part

of a subframe

N

-

Times repetition of a

-

subframe preamble part 

RACH preamble part

N subframes

Tp

Basic preamble part

of a subframe

Basic preamble part

of a subframe

Basic preamble part

of a subframe

N

-

Times repetition of a

-

subframe preamble part 


Figure 2 : A signal structure of a non-synchronized RACH (N-subftrame duration)
3 Modulation scheme and performances 
There can be several methods to carry messages implicitly on a non-synchronized RACH preamble. Roughly, such methods are divided into two approaches as follows. GCL-CAZAC is a good example of Approach 1.
(Approach 1) Multiply some codes for messages over code domain

(Approach 2) Multiply some codes for messages over time-signal domain

Unfortunately, both approaches to carry messages on preamble signatures make it hard to use frequency-domain detectors since the fading response are not constant over frequency domain. When using time-domain detector, it should perform convolutional processes over unknown time-offset window with the time-domain impulse response obtained after IFFT of preamble sequences. If the message codes are multiplied over code domain, the number of impulse responses for detection increases as the number of message bits increases. This makes great problem for detector implementation. With that regard, it is better to use the latter approach rather than the former. 
Among the ways of Approach 2, the preferred way is to use Walsh code for messages since it maximizes a code distance if the fading does not vary during a burst period. In addition, the message size does not decrease the number of code set for CAZAC. Using the concepts suggested in section 2, the modulation scheme of a non-synchronized RACH burst for one-subframe duration is shown in figure 3. The roles of each code are summarized as follows. 

- Zadoff-Chu CAZAC : RACH functions and Collision avoidance

- Walsh codes : Messages (Temporary UE ID, CQI or Causes)

To help understanding, an example of detection methods is shown in figure 4. Since Walsh codes are multiplied over time domain, we can use the impulse responses of only CAZAC sequences regardless Walsh codes. After multiplying impulse responses, Walsh detection block follows and gives M-ary detection outputs. 
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Figure 3 : The suggested modulation scheme for RACH preamble burst
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Figure 4 : An example of a time-domain detector
To examine its performances through simulation, we used the parameters in table 3 and get the results in table 4. The symbol errors are obtained with only the samples which signature is detected rightly. The simulation ran 1000 times for each result. From the results, 8 bits can be sent without any detection loss of codes. The correlation properties with a suggested detection scheme are shown in Appendix section.
 Table 3 : The parameters of simulation 

	System BW and 
	1.25MHz
	RACH BW
	1.25MHz

	RACH duration
	1 subframe
	TP
	0

	Preamble signature length
	449
	RTD
	100(sec

	Preamble time samples
	768
	Zadoff-Chu CAZAC
	16 codes in a cell

	Guard band for IDFT
	159/160
	Walsh chips
	64/128/256

	Channel
	TU1
	Rx antenna
	2

	False alarm
	0.001
	Search Window
	100(sec


Table 4 : The simulation results  

	Ep/No(dB)
	16.5
	17.5
	18.5

	Missing Prob of CAZAC
	0.034
	0.020
	0.009

	Symbol error rate (64 Walsh)
	0.014
	0
	0

	Symbol error rate (128 Walsh)
	0.020
	0.004
	0.002

	Symbol error rate (256 Walsh)
	0.212
	0.011
	0.004


4 Conclusion
For non-synchronized random access, the following points are provided as conclusions. 
- Without penetration loss, the required duration of a non-synchronized random access is about 2 subframes. However, considering 20dB penetration loss, it increases up to a frame.

- The random-access burst has only a preamble part. 

- If it uses the time-domain Walsh codes for messages and Zadoff-Chu CAZAC codes for avoiding collision, as suggested in section 3, up to 8-bit message can be transferred without the performance loss of preamble detection.
On the other hand, even with suggested schemes, the further consideration on performances is needed when multiple signals are received at a detector. 
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6 Appendix : Correlation results
In this section, the time-domain auto-correlation values and the time-domain cross-correlation values of the suggested signatures are shown in figure A.1 ~ A.3. The parameters are shown in table A.1. 
Table A.1 : The parameters of correlation results  

	System BW and 
	1.25MHz
	RACH BW
	1.25MHz

	RACH duration
	1 subframe
	TP
	0

	Preamble signature length
	449
	Zadoff-Chu CAZAC

generating index
	k=3 and 4 

	Preamble time samples
	768
	Walsh chips
	128

	Guard band for IDFT
	159/160
	Search Window
	1 burst duration


Even though we had get all correlation values through simulation for all possible CAZAC codes and Walsh codes, but the figures show only 2 CAZAC-code cases since there are no difference on correlation.

Figure A.1 shows the auto-correlation results of 128 cases (one CAZAC code(k=3), all 128 Walsh code). The asynchronous correlation values are less than 0.37. 
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Figure A.1 : Asynchronous auto-correlation values 
Figure A.2 shows the cross-correlation results among 128-Walsh codes (one CAZAC code (k=3), different 128 Walsh code). It assumed the sequence of Walsh 0 code is transmitted. The asynchronous correlation values are less than 0.53. 

[image: image6.emf]-800 -600 -400 -200 0 200 400 600 800

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Sampling Offset

Correlation Value


Figure A.2 : Asynchronous cross-correlation values (among different Walsh codes)

Figure A.3 shows the cross-correlation results among different CAZAC codes. It assumed the signals of Walsh 0 and CAZAC k=3 are transmitted. The receiver part uses 128 Walsh code with k=4 CAZAC codes. The asynchronous correlation values are less than 0.1. This is almost identical correlation property when only Zadoff-Chu CAZAC codes used. 
[image: image7.emf]-800 -600 -400 -200 0 200 400 600 800

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Sampling Offset

Correlation Value


Figure A.3 : Asynchronous cross-correlation values (among the codes with different CAZAC)

















































































