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1. Introduction

This document discusses non-synchronized random access burst structure as follows.
· Selection of preamble sequence
· Required preamble length
· Random access burst design 
· Preamble duration and guard time 
· Extension for large cell
2. Preamble sequence
2.1. Sequence selection
Random access is a contention based transmission. Therefore, multiple random access bursts from multiple UEs could be transmitted simultaneously. To detect multiple random accesses simultaneously at eNodeB is good to reduce the overhead of random access slot. To reduce the collision among the random access, one of the common approaches is UE randomly chooses one out of plural different sequences. A sequence with good auto-correlation and good cross-correlation property is desired to distinguish random access bursts from different UEs. For these reasons, we compare the miss detection probability vs. the average Ep/No among the sequences shown in Table 1.
The Cyclic-shifted Zadoff-Chu sequence of prime sequence length N [6] 

 REF _Ref143661944 \n \h 
[7] is defined as
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where r is the sequence index and positive integer which is relatively prime to N,  is the cyclic shift duration with positive integer, m is the number of cyclic-shifted sequences and defined as m=floor (N/). q is arbitrary integer and q= 0 is applied here.
Table 1 Evaluated sequences and sequence set components.
	Sequence type
	Sequence set

	Different Zadoff-Chu (ZC) sequence
	- Consist of different Zadoff-Chu sequences (different index r with i=0 ).

- Sequence length N: 401 symbols

	Cyclic-shifted ZC sequence
	- Consist of different cyclic-shifted ZC sequences (different index i) generated from a root ZC sequence (index r = 1).
- Sequence length N: 401 symbols, cyclic shift duration : 100 usec

	Hybrid of different and cyclic-shifted ZC sequence
	- Consist of 4-different ZC sequences and respective 4-cyclic-shifted sequences. (total 16 sequences: Cr,i(k), r =1,2,3,4 and i =1,2,3,4)
- Sequence length N: 401 symbols, cyclic shift duration : 100 usec


Performance of different preamble sequences

The simulation parameters are shown in Table 2. Preamble performance evaluation criteria used are false alarm and miss detection probability to the average Ep/No. The definition is as follows:

· False alarm (Pfa): the probability of a particular code being detected when nothing, or different code is transmitted

· Miss detection (Pmd): the probability of a particular code not being detected when the code is transmitted

Table 2 Simulation parameters

	Parameter
	Value

	Transmission Bandwidth
	1.25MHz (Allocated bandwidth: 1.024MHz)

	Preamble length
	Approximately 400 usec 

	Guard time
	Approximately 100 usec

	Number of multiplexed preambles
	1, 2, 4

	Antenna configuration
	1 Tx antenna, 2 Rx antennas (power profiles are combined)

	Detector
	Matched filtering in time domain. See Appendix A.

	Noise level estimation
	Real (Noise level is estimated from delay profile)

	Number of detector
	16

	Channel model
	6-path Typical Urban 120km/h


Figure 1 shows the miss detection probability (Pmd) against the average Ep/No of each preamble sequence to achieve the false alarm Pfa = 10-3 under TU 120km/h. The miss detection probability against the Ep/No is always satisfied in Pfa = 10-3. The preamble detection threshold of each sequence is adjusted to achieve the 0.1% false alarm probability with taking into account mutual interference between preambles when plural preambles are received for respective sequences.
From the evaluation, the detection performance of one ZC sequence is the best because of no other signature transmitted. In case of plural sequence mixed, cyclic-shifted ZC sequences (blue broken line) generated from one root ZC sequence shows the best performance and have almost same performance with only one ZC sequence transmitted, due to its orthogonality among sequences. Moreover, the evaluation results of hybrid sequences (red lines) shows superior performance than that of different ZC sequences mixed (black lines), where signatures transmitted to the same slot are randomly changed every transmission in the hybrid sequence evaluation.
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Figure 1 Miss detection probability (Pmd) to the average Ep/No (TU6-120km/h)

Proposal

We propose to choose cyclic-shifted Zadoff-Chu sequence as preamble sequence because cyclic-shifted Zadoff-Chu sequence has superior detection performance. In addition, if more signatures are necessary, we also propose to use different Zadoff-Chu sequences (i.e. Hybrid).
2.2. Required preamble length

In order for increasing the number of available cyclic-shifted ZC sequences in a cell, minimizing the maximum supported cell size of each random access TTI is preferable. Meanwhile, for large cell deployment, longer guard time is necessary corresponding to the maximum round trip propagation delay (6.67us/km). So we discuss the cell size to be covered by each TTI length here.
Interference limited environment

This is for picocell and microcell operation. Under interference limited condition, approximately 300 usec is required for ISD=500m and approximately 800 usec is required for ISD=1732m to achieve 1% miss detection probability (Pmd = 10-2) on CDF = 5% under TU 120km/h from the detection performance in [2] [3] .

Noise limited environment

This is for macrocell operation. In order to estimate the target cell size supported by different random access TTI under noise limited condition, we evaluate the required random access preamble length from the link budget calculation described in Appendix B. The results are shown in Figure 2. In the link budget calculation, we applied the Okumura – Hata empirical pathloss model with path loss correction for suburban [11] and we assumed up to 30m NodeB antenna height and 14-20dBi antenna gain for the cell radii of up to 10km, and 30 – 60m NodeB antenna height and 20dBi antenna gain for the cell radii of up to 20km. 
As a results, up to 7 – 8 km and up to 14 – 15km seems to be covered by 0.5ms TTI and 1.0ms TTI random access burst, respectively. Similar results were also shown in [4] .
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Figure 2 Required random access preamble length according to NodeB-UE distance.

3. Random access burst design

1.25MHz bandwidth and one or multiple of 0.5ms TTI have been agreed as random access slot structure. In the previous sections, we discussed the sequence of random access burst and the required preamble length. In this section, we discuss how to design the random access burst in the slot, i.e. the preamble duration and the guard time of one or multiple of 0.5msec TTI with taking into account the number of available cyclic-shifted sequences and the cell size to be covered by different TTI length.

3.1. Base preamble sequence and Repetition or Extension for large cell
On large cell deployment, the multiple of 0.5ms TTI is necessary to obtain enough process gain for achieving the required preamble detection performance. For the extension to large cell size, two preamble structures have been discussed as 
(a) Repetition approach: the base Zadoff-Chu sequence designed for 0.5ms TTI is repeated. 
(b) Extension approach: the preamble sequence consists of one long Zadoff-Chu sequence designed for different random access TTI.
Random access burst structures for both approaches are illustrated in Figure 3. The detailed random access burst parameters of the repetition approach and the extension approach are shown in Table 3 and Table 4, respectively. 
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(a) Repetition approach.
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(b) Extension approach.
Figure 3 Extension for large cell.
Table 3 random access burst parameters of the repetition approach.
	TTI length
	0.5ms TTI
	1.0ms TTI

	Preamble duration
	432 us
	864 us (= 2 x 432 us)

	Guard time
	68 us (up to 8.6km)
	136 us (up to 18.8km)

	Sequence length N
	487
	(

	# of available ZC sequences
	486
	(


Table 4 random access burst parameters of the extension approach.

	TTI length
	0.5ms TTI
	1.0ms TTI

	Preamble duration
	432 us
	848 us

	Guard time
	68 us (up to 8.6km)
	152 us (up to 21.1km)

	Sequence length N
	487
	953

	# of available ZC sequences
	486
	952


3.2. Discussion
In this section, we discuss the following aspects in order for choosing one of the above approaches. 
- Preamble detection performance
- Reuse factor of Zadoff-Chu sequence
- Complexity
Preamble detection performance
We compare the miss detection probability vs. the average Ep/No among the sequences shown in Table 5. In this evaluation, the preamble length is around 800us and the guard time is around 200us. This is a case for 1.0ms random access TTI length. The other simulation parameters are the same as shown in Table 2, and the evaluation results is shown in Figure 4. Note that these parameters are used just for evaluation.
From the evaluation, the detection performance among two is the same when one preamble sequence is transmitted and received. In case of multiple preambles transmission and reception, the repeated preambles achieve the same performance as the base ZC preamble sequence of 0.5ms TTI. Meanwhile, the extended preambles achieve better performance than that of the repetition, thanks to the cross-correlation property of the value
[image: image7.wmf]N

.

Regarding extremely high mobility case, the extension approach is still better than the repetition approach. The evaluation results of high mobility scenario are shown in Appendix C.
Table 5 Evaluated sequences and sequence set components.

	Sequence type
	Sequence set

	Repetition
	Sequence length N: 802 
Consist of two repetitions of the base ZC sequences N=401.

	Extension
	Sequence length N: 797 

Consist of the one ZC sequences of N=797

	0.5ms TTI preamble (for comparison)
	Sequence length N: 401 

Consist of the one ZC sequences of N=401
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Figure 4 Miss detection probability of Repetition and Extension approaches (TU6-120km/h).

Reuse factor of ZC sequence
It has been agreed that a message payload (if any) of up to 6 bits is implicitly transmitted on non-synchronized random access burst. 
A simple solution is 64 different sequence indices are mapped to each control information indices one-to-one. In this case, the number of available sequence indices is one of the important aspects for larger than 7km cell size. As we saw the evaluation in section 2, cyclic-shifted ZC sequence has superior performance. But the number of available cyclic-shifted sequences is restricted by the maximum round trip propagation delay [7] , which means cyclic-shifted ZC sequence requires relatively long sequence for large cell deployment. Consequently the longer ZC sequence, i.e. extension approach, has a benefit to have a large number of cyclic-shifted sequences. In addition, the longer ZC sequence length provides bigger reuse factor which can relax sequence management, i.e. cell planning. In case of more than 1.0ms TTI length, we think enough sequence size would be obtained. 
Table 6 shows the reuse factor of the root ZC sequences in both of the repetition and the extension approach, assuming 1.0ms TTI and 64 signature sequences used in a cell. The shift duration of cyclic-shifted sequences is assumed equal to the maximum round trip delay (6.67[us/km]*cell radius [km]) + multipath delay (5us).
 Table 6 Reuse factor of the root ZC sequences (1.0msTTI).
	
	Repetition
	Extension

	Number of available ZC sequences
	486
	952

	7 – 15km
cell radius
	# of cyclic-shift sequences
 per ZC sequence
	4
	8

	
	# of ZC sequences per cell
	16
	8

	
	Reuse factor
	30
	119

	15 – 20km
cell radius
	# of cyclic-shift sequences
 per ZC sequence
	3
	6

	
	# of ZC sequences per cell
	22
	11

	
	Reuse factor
	22
	86


Alternative solution is the time/frequency resources are used for the each control information indices. With this solution, the reuse factor of the ZC sequences, i.e. 60, can be retained for larger cell size than 7km. However, the overhead of random access slot would become very large. In addition, this approach is not a solution in case of relatively small system bandwidth such as 1.25MHz, due to less time/frequency resource. Therefore, sequence index should be used to control information. This aspect is also discussed in [8] . 
Complexity
The repetition approach allows the simple transmitter and detector because only one type of preamble transmitter and detector for the base ZC preamble length can be re-used for transmission and detection of the longer TTI length.
The extension approach requires a more complex transmitter and detector in order to support longer ZC sequence length. This means at least two different lengths of Zadoff-Chu sequence should be supported. However, we think the complexity of the extension approach is still feasible if the sequence extension is used only for 1.0ms TTI. On the other hand, we think more than 1.0ms TTI would requires too much complexity. 
Summary
The above comparison and discussion are summarized in Table 7.
Table 7 Summary of Extension method for large cell in 1.0ms TTI
	
	Repetition
	Extension

	Detection performance
	Fair


	Good

 

	Reuse factor of ZC sequence
	Bad

22 cell reuse for 20km cell radius
	Very Good

86 cell reuse for 20km cell radius

	Complexity
	Good


	Not good but still feasible


3.3. Proposal
From the above discussion, the extension of sequence length is more preferable approach for 1.0ms TTI. The benefit is to avoid a careful cell planning of sequence allocation and to have better detection performance. However, in case of more than 1.0ms TTI, we propose to use the repetition approach, where the 1.0ms preamble sequence is used as the base sequence. This could reduce the complexity of the transmitter and detector. The demerit of performance and sequence allocation in repetition approach is not seen longer than 1.0ms TTI.
We propose the followings:
· Primarily Cyclic-shifted Zadoff-Chu and secondarily different Zadoff-Chu sequence are used.

· The minimum random access burst is defined 1.25MHz bandwidth and 0.5msec TTI.

· Preamble length is around 430usec and guard time is around 70usec to cover up to 8km cell radius.

· Zadoff-Chu sequence of sequence length N=487 is used to fill in the preamble part.

· Extended long Zadoff-Chu sequence should be used for 1.0ms TTI for supporting large cell. 

· Preamble length is around 850usec and guard time is around 150usec to cover up to 21km cell radii.

· Zadoff-Chu sequence of sequence length N=953 is used to fill in the preamble part. 

· For longer than 2.0ms TTI, the repetition approach should be used
· The preamble sequence consists of the repetition of the preamble sequence for 1.0ms TTI.
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Figure 5 Proposed random access burst structure.

Table 8 Proposed random access burst parameters.

	TTI length
	0.5ms TTI
	1.0ms TTI
	2.0ms or larger TTI

	Preamble duration
	432 us
	848 us
	Multiple of 848 us

	Guard time
	68 us (up to 8.6km)
	152 us (up to 21.1km)
	Multiple of 152 us

	Sequence length N
	487
	953
	(

	# of available ZC sequences
	486
	952
	(

	# of cyclic-shift sequences
	32 (<1km)
16 (1 – 3km) 
8 (3 – 7km) 
	8 (7 – 15km) 
6 (15 – 20km)
	4 (30km)
2 (60km)

	Reuse factor (64 sequences used in a cell)
	240 (<1km)
120 (1 – 3km)
60 (3 – 7km)
	119 (7 – 15km)
86 (15 – 20km)

	59 (30km)
29 (60km)

	Extension type for large cell
	---
	Extension
	Repetition
Repetition of 1.0ms TTI.

	Support cell size
	Up to 8.6 km
	Up to 21.1 km
	> 15km 

	Support SLS scenario
	case(a)(b) and (d)
	case (c)
	---

	Assumed BS antenna height
	15m – 30m
	30m – 60m
	> 50m

	Assumed BS antenna gain
	14 dBi – 20 dBi
	20 dBi
	20 dBi or more


4. Conclusion
In order to design non-synchronized random access burst structure, we discussed preamble sequence, required preamble length, preamble duration/guard time and extension for large cell.
From the discussion, we propose to capture the above proposals as non-synchronized random access burst structure.
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Appendix A: Detection algorithm
In this document, we used a more improved, but still feasible, detection algorithm, like as [3] , than one used in our previous contribution [2] . 
Two antennas diversity reception is used. The 16 different power delay profiles are measured by the 16 matched filters corresponding to random access burst in each branch and then combined in power domain. Figure A-1 illustrates the detection method. The window size of the peak detection of the delay profile is set to 100usec. 
1. The arrival timing of a cluster of multi-path is estimated roughly by sweeping the cluster detection window, size is 8-usec length. Within the cluster detection window, the power delay profile is accumulated and the timing of maximum value is used as tentative arrival timing. 
2. Noise level is measured from the delay profile, but the samples within the cluster detection window are not used. Threshold A, the arrival signal detection threshold, is set from the calculated noise level plus an offset value. 
3. Samples larger than Threshold A within the cluster detection window are accumulated as received signals. 
4. Accumulated signal power is compared to Threshold B, the detection threshold from the calculated noise level plus an offset value. The offset value is adjusted to achieve 0.1% false alarm probability. If the accumulated signal power is larger than Threshold B, it is counted as detection, or it is counted as false alarm if the signature is not transmitted. In addition, the peak power of the delay profile in the cluster detection window is detected as arrival timing.
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Figure A-1 Output signal of matched filter (delay profile) and detection algorithm
Appendix B: Link budget calculation
In the link budget calculation, the following Okumura – Hata empirical distance-dependent path loss [11] is used. This similar equation was also referred in [4] .
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where k(hm) is the correction factor for UE antenna height
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Where S is the pathloss correction parameter, the ground cover factor , is defined as the percentage of the area covered by buildings within
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Applicable range of the above equation:
· f   is the carrier frequency (MHz): 

400-2200MHz (2000MHz is assumed here)
· hb is the Node-B antenna height (m):

30-200m
· hm is the UE antenna height in meters (m):
1-10m (1.5m is assumed here)
· d  is distance between Node-B and UE (km):
1-20km
In order to perform the link budget calculation, we used 18dB as a required Ep/No of random access preamble to satisfy Pfa=0.1% and Pmd=1% with some margin as shown in Section 2. Two Rx diversity gain is also included.
The other parameters needed in calculation are shown in the following table. The most of assumed parameters refer to Table A.2.1.1-2 and Table A.2.1.8-1[1] , Total other gain/loss and Log-normal fade margin is set to zero to estimate the maximum support cell size of each random access preamble length.
The methodology described in B1.6 [9] is used for the link budget calculation.

Table B-1 Assumed system parameters

	Parameter
	Assumption

	Carrier Frequency ( f )
	2000 MHz

	Antenna height (hb)
	30m / 50m

	UE Transmitter e.i.r.p.
	24dBm (250mW) [1]  

	Node-B Receiver Antenna Gain (including cable loss)
	14 dBi [1] / 20dBi 

	Receiver Noise Figure
	5.0 dB [1]  


	Thermal Noise Density, N0
	-174 dBm/Hz

	Receiver Interference Density, I0
	Not considered

	Total Effective Noise Plus Interference Density 
	-169 [dBm/Hz]

	Required Ep/N0 (eNB with 2Rx antenna diversity) 
	18dB (TU6path)

	Total other gain or loss
	0 dB

	Log-Normal Fade Margin
	0 dB


Appendix C: Preamble detection performance in 500km/h 
We compare the miss detection probability vs. the average Ep/No among the sequences shown in Table 5, when the UE mobility is 500km/h. The other simulation parameters are the same as shown in Table 2, and the evaluation results is shown in Figure C-1. In the repetition approach, both of the coherent combining and power profile combining of the repeated sequences are also evaluated.
From the evaluation, the extended preamble is better than the repeated preambles in both cases of coherent combining and power profile combining.
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Figure C-1 Miss detection probability of Repetition and Extension approaches (TU6-500km/h).
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