3GPP TSG RAN WG1 Meeting #45









                                                             R1-061247
Shanghai, China, May 8-12, 2006
Agenda Item:
11.1.2 

Source:
Huawei

Title:
 System performances of RACH preamble designs for E-UTRA
Document for:
Discussion 
1 Introduction

Random access is used for initial access to the network, for time of arrival estimation, and for scheduling requests [1]. In the random access procedure, a preamble is first transmitted by the UE. Upon successful detection of the preamble, the base station transmits a time advance command, based on the time-of-arrival estimation, to the UE. The base station also allocates resources to the UE for subsequent transmissions on the uplink shared channel.
In a previous contribution [2] we proposed to use Zero Correlation Zone Generalized Chirp-Like (ZCZ-GCL) sequences for the random access preamble. Such sequences have almost ideal aperiodic autocorrelation and cross-correlation properties. The latter allows for simultaneous detection of different preambles with very large differences in received power. As a consequence, it is anticipated that the latency will be low compared to other sets of preambles.
In this contribution, we present the system performance evaluation methodology and the results in terms of throughput and delay of the RACH preambles. The simulation setup is described in Section 2. The results of the simulations are reported in Section 3, and finally the conclusions are given in Section 4.
2 Simulation setup
The RACH preambles are evaluated by multi-cell link-level simulations. The simulation parameters are listed in Table 1. Other simulation parameters are according to [1] Table A.2.1.1-3. The sample rate of the sequence is 1.024 MHz. The simulations are performed at a sampling rate of 2.048 MHz.

Table 1 Simulation parameters

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 37 cell sites, 3 sectors per site. Statistics collected from 21 sectors

	Inter-site distance
	500 m

	Carrier Frequency 
	2 GHz

	Channel model
	Typical Urban 

	UE speed
	30km/h

	Penetration loss
	10 dB

	UE power class
	21dBm 

	Penalties, P1/P2
	10/10

	Maximum number of transmissions, M
	5

	Access slot period
	10 ms

	Number of UEs per cell, U
	16

	Number of drops/access slots per drop
	2/100


2.1 Receiver

The receiver correlates the received signal with all possible preambles in the corresponding cell. Three hypotheses are considered for each preamble: 

· No preamble is received, 

· A single preamble is received, 

· Multiple time-of-arrivals (TOA) detected of the same preamble (meaning that the same preamble has been used by multiple UEs).

If the output of the correlator exceeds a threshold for some delay within a search window at least one preamble is considered detected. The threshold is proportional to the total received power in the access slot. Detection of several TOAs of the same preamble is declared if the output of the correlator exceeds the threshold for multiple delays, which mutually differ more than the expected maximum delay spread in the cell.
If the correlator matched to a certain preamble exceeds the threshold when the corresponding preamble has not been transmitted, a false alarm event is declared. Each false alarm triggers the Node B to allocate resources for data transmissions that will not take place. That means that false alarms will take uplink capacity from the system. This is in contrast with WCDMA where false alarms will not cause any system capacity loss. Therefore the essential requirement for the comparison of the different sets of RACH preambles is to set the detection thresholds for each set of preambles to produce the same pre-defined false alarm rate.
2.2 UE behavior

The UE transmits a new, randomly selected preamble in the next access slot if no preamble is detected or if several TOAs of the same preamble have been detected. The number of subsequent preamble transmissions is limited to M. The power for all transmissions from the UE is constant, given by open-loop power control. After M subsequent not properly detected preamble transmissions the UE will enter a wait state where it will remain for a penalty period of P1 slots, which models the minimum allowed time between random access attempts, and then exit the random access procedure.
Scheduled uplink transmissions following detected preambles are not explicitly simulated but are modeled as follows:  A scheduled transmission from a UE, initiated by an acknowledgment from the Node B of the transmitted preamble, is considered successful if the preamble has been detected with a single TOA within the delay spread of the channel. 
If several UEs transmitted the same preamble but multiple transmissions were not detected, one of the UEs is modeled as having a successful scheduled transmission, whereas the other UEs’ scheduled transmissions will fail. In the simulations a UE with failed scheduled transmission is modeled as being in wait state for a penalty period of P2 slots, which models both the duration of the scheduled transmission and the minimum allowed time between successive random access attempts, before exiting the random access procedure.
2.3 Preambles

Both ZCZ-GCL preambles and truncated WCDMA RACH preambles are simulated, using sets of 10 orthogonal preambles of length 400 symbols in each cell. WCDMA RACH preambles are used as a reference for comparison for two reasons: E-UTRA performance requirements relate to WCDMA performances, and both sets of preambles provide similar possibilities for efficient implementations of corresponding banks of correlators. Each of the two sets of preambles is obtained by modulating a single carrier sequence by a set of orthogonal modulating sequences. There are in total 16 different carrier sequences in the network. In each cell, the carrier sequence is selected randomly from a set of 16 carrier sequences with the restriction that the carrier sequences in the cells of a Node B are guaranteed to be different.

The set of ZCZ-GCL RACH preambles {ci(k)} is defined as 
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where N=sm2, s and m are positive integers, {b(k)} is the modulation sequence of m arbitrary complex numbers of unit magnitude, while {a(k)} is the carrier sequence, which has to be a Zadoff-Chu sequence defined as

                                              a(k) =  
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where WN=exp(-j2πr/N), r is relatively prime to N, and q is any integer. For the ZCZ-GCL preambles, the carrier sequences are Zadoff-Chu sequences of length N=400 and the modulating sequences are DFT sequences,
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The parameters for the ZCZ-GCL preambles are s=4, m=10, N=400, q=0 and the carrier sequence is characterized by r.  
The set of truncated WCDMA RACH preambles of length N=400 are obtained from the carrier sequence defined as a pseudo-noise scrambling code mapped on a rotated BPSK constellation. The modulating sequences are the 10 first preamble signatures in WCDMA.
3 Simulation results
The performance measures used in this study are the average delay of the detection of preambles, and the normalized throughput, defined as the average number of successful random access attempts per cell and per access slot [3].

The results from simulations are shown as function of offered traffic load, G. In any access slot, for each UE that is not already in the random access procedure, the random access attempt is initiated by a corresponding random variable generating the traffic on the RACH channel of the observed UE with probability 1-exp{-G/U}, where U  is the number of UEs per cell, and G is the average number of attempts per access slot and cell for a system without retransmissions, i.e. for M=1. In other words, a UE that is either about to retransmit or in a wait state  will not initiate a new random access attempt even if its traffic random variable has generated new traffic in the observed access slot.  
In Fig. 1, the average number of false alarms over all allowed preambles in each cell and access slot. As can be seen, the number of false alarms per cell and access slot is actually somewhat lower for the ZCZ-GCL preambles than for the WCDMA preambles. 
The throughput is shown in Fig. 2. The normalized throughput for WCDMA preambles saturates at 1.5, whereas the normalized throughput for ZCZ-GCL preambles is larger than 3. 
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Fig. 1. False alarm rate.
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Fig. 2. Throughput.
A delay is calculated for all attempts, successful or not. The delay of a non-successful random access attempt is defined as the time from initiating the access to the exit of the wait state. All delays include the time from attempt request to the first available access slot. The average delay is shown in Fig. 3. It ranges from 10 to 25 ms for the ZCZ-GCL preambles, much less than for the WCDMA preambles, for which it ranges from 35 to 50 ms.

[image: image6.png]Delay (ms)

60

50

Delay

—— ZCZ-GCL
-—+-- WCDMA





Fig. 3. Delay.
4 Conclusions
Throughput and delay have been selected as performance measures of the random access preambles, given a certain false alarm rate. The cross-correlation properties have a strong impact on the threshold level and hence on detection probability. It has been shown that for a given false alarm rate, the ZCZ-GCL sequences doubles the normalized throughput of preambles and more than halves the delay compared to truncated WCDMA preambles. In that way ZCZ-GCL RACH preambles provide a substantial step forward in system performances compared to the preambles used in WCDMA.
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