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1 Introduction

According to the discussion over email reflector, the LTE RACH schemes are classified into two cases, a non-synchronous random access and a synchronous random access. This contribution considers only a non-synchronous case, and gives the suggestions on designing non-synchronous RACH [4]. 
The main factor for a non-synchronous RACH is to support 30Km cell size, which means the unknown time delay due to round trip delay (RTD) is about 200 micro seconds and the path loss is larger than R99 case [1-3].

2 RACH duration
Currently, it is possible to send RACH message with RACH preamble. It may reduce the call latency to send messages with preamble but increase RACH duration. This section shows the additional RACH duration due to messages to help discussion. For convenience, we define “Combined case” as the case of sending preambles and messages together and “Preamble case” as the case of sending only preambles.
To analyze the RACH duration by link budget, we need the required SNR of RACH preamble and message. According to the analysis by TI or Nortel, the required SNR of RACH preamble (Ep/No) is about 17dB to get 1% missing probability and 0.1% false-alarm probability with 2-Rx antennas and TU1 channel model [6] [7]. On the other hand, the required SNR of RACH message (Em/No) with 30-bit information is about 21dB with real channel estimation, which means 6 dB Eb/No [7]. With these results, we calculated the required RACH duration for 5 and 10 Km cells by a link budget (see the appendix section), and get the results of table 1. We do not consider 30Km case since the path loss of 30Km rural case is almost equal to 10Km urban case. We assume that the duration of one RACH symbol is identical to UL SCH LB without CP. One UL subframe can have 7 RACH symbols. 
Table 1 : The number of required RACH symbols

	Antenna height
	RACH BW
	5Km cell size
	10Km cell size

	
	
	preamble
	message
	preamble
	message

	15meter
	10MHz
	1
	2
	10
	25

	
	5MHz
	2
	4
	21
	51

	30meter
	10MHz
	1
	1
	2
	5

	
	5MHz
	1
	1
	4
	10


For 5Km cell size, the RACH durations of both cases are within one subframe. However, for 10Km cell with 30-meter antenna and 5MHz RACH BW, the duration of Preamble case is within one subframe but that of Combined case is about 3 subframes including RTD portion. Extending such results to 1.25MHz, roughly 4 times longer, the required duration of each case is 3 subframes or 9 subframes respectively. The conclusion is that Combined case requires 3 times longer duration. 
Another problem of message part is it needs much higher SNR if multiple messages from several UEs are received simultaneously. To solve such problems, the multiple resources for several message parts are reserved for keeping orthogonality among received messages. 
In those regards, our preference is not to send RACH message after RACH preamble. As known, it may be possible to add some useful information on RACH preamble implicitly. That could be quite useful for synchronous case but needs careful consideration for a non-synchronous case since the timing uncertainty is up to several RACH symbols. This is FFS for us.
3 RACH structures and modulation scheme
As described in section 2, multiple RACH symbols or subframes are needed for RACH preamble. In this case, identical symbols can be repeated to help frequency-domain detection. It may be possible to use UL SCH structure for synchronous case, but it is impossible to use SCH structure the timing uncertainty exceed CP for non-synchronous case. Since the detection symbol window at Node-B has timing offset due to RTD, it should remove the portion of CP to keep the characteristics of preamble signatures at the receiver side. If we use RACH symbol as the size of UL SCH LB without CP, a sub frame can accommodate 7 symbols. 
For multiple subframes, we have two possibilities. One is to continue on repeating identical symbols without any manipulation to match a subframe bound, and the other is to repeating a subframe structure. Our preference is the former since the reserved portion in the later part of a subframe due to RTD is up to 40% with 30Km cell size. This disadvantage may prohibit using the scheme hopped by a subframe. Of course, these problems are not applied to a synchronous random access case. 
We suggest setting the following parameters as variables for a service provider to select the parameter value according to cell design. 

- RACH BW

- The number of subframes for non-synchronous RACH duration

- The period of non-synchronous RACH

On the other hand, the code sequences for RACH preamble should have following characteristics.

- Good aperiodic cross-correlation and auto-correlation (As low as possible)
- Low PAPR

As shown in [7], Zadoff-Chu CAZAC [5] can be a strong candidate for non-synchronous case. It keeps good correlation properties even with entire timing offset, and shows better PAPR rather than other sequences. Since CAZAC has its property over frequency domain as well as time domain, the modulation scheme can be designed by both SC-FDMA and OFDMA. For a synchronous case, other sequences could be the better solution since the timing offset is within the duration of CP. Figure 1 shows the modulation scheme for non-synchronous RACH.
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Figure 1. Tx structure of the non-synchronous RACH preamble 
If using 10MHz RACH BW, it is possible to detect up to 7 or 8 RACH preambles at the same time with a simple interference-cancellation scheme [7]. That means non-synchronous RACH can accommodate and differentiate several kinds of RACH traffics, which can helps RACH design. 
4 Conclusion
On designing non-synchronous RACH, the following points are suggested.

(1) On sending RACH message, it is possible to consider a few bits may be implicitly added at RACH preamble, not explicit. This needs further simulation results.
(2) On RACH structure and modulation schemes

- Identical RACH symbols are repeated without discontinuity over multiple subframes

- The following parameters are the system variables 

* Non-synchronous RACH BW

* The number of subframes for non-synchronous RACH duration

* The period of non-synchronous RACH

- Do not use hopping scheme within a RACH duration

(3) Zadoff-Chu CAZAC is the code signature for non-synchronous RACH preamble. 
- The signature length is the largest prime number, notated Nrach, that is less than Nu. The nth bit of kth signature is generated by the following equation.
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- The signatures are differentiated by the value k used for the above equation.

If there is agreement, we will prepare TP. 
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6 Appendix
According to TR 25.913, LTE RACH should support 30Km cell size. To examine the RACH structures, the required symbols for a preamble and a message should be estimated with various cell sizes. To analyze the required symbols for a preamble, we introduce a simple link-budget method with the parameters of TR 25.814. The link-budget results are shown in the table A-1. Note that the required CINR for RACH detection is referred to the results of [7]. The gain of using 30meter antenna rather than 15meter is about 7dB.
Table A-1 : Link budget analysis on the cell-size effect
	Items
	Sub-items
	Value
	Reference

	Path 

loss
	Rx antenna at Node B
	15 meter
	TR 25.814

	
	Center frequency
	2GHz
	TR 25.814

	
	Equation
	(R is distance in Km)
	TR 25.814

	UE
	Tx e.i.r.p (1)
	24 dBm / 3.84MHz

0 dBm / subcarrier(15KHz) 
	TR 25.814

	Node B
	Rx antenna gain (2)
	14 dB 
	TR 25.814

	
	Noise spectral density (3)
	-174dBm / Hz

-132dBm / subcarrier
	

	Rx 

signal
	Path loss (4)
	5Km : 154dB

10Km : 166dB
	

	
	Rx CINR (5)

[ (1) + (2) -(3) -(4) ]
	5Km : -8dB / subcarrier

10Km :-20dB / subcarrier
	

	
	RTD
	5Km&10Km : within one symbol
	

	LTE

RACH
	Required CINR from simulation results (6)
	-10dB for preamble (10MHz RACH, TU1, 2Rx ant)

-6dB for message (10MHz RACH, TU1, 2Rx ant)
	Simulation

Results [7]

	
	CINR Gap [ (5)-(6) ]
	5Km : 2dB for preamble, -2dB for message

10Km : 10dB for preamble, 14dB for message
	

	
	Required symbols
	5Km : 1 for preamble, 2 for message

10Km : 10 for preamble, 25 for message
	Ignoring

RTD

	
	Required 

Sub frames
	5Km : 1 for both 1-step and 2-step

10Km : 2 for 2 step, 5 for 1 step
	Ignoring

RTD

	LTE

RACH
	Required symbols
	5Km : 1 for preamble, 1 for message

10Km : 3  for preamble, 7 for message
	30 meter

Antenna

	
	Required 

Sub frames
	5Km : 1 for both 1-step and 2-step

10Km : 1 for 2 step, 2 for 1 step
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