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1. Introduction 
The initial uplink synchronization procedure refers to the process in which ranging subscriber stations (RSSs) adjust their transmission time instants and transmission powers according to the ranging response sent by the target base station (BS) so that the corresponding ranging waveforms are received by the BS synchronously, i.e., they are aligned with the mini-slot boundary of the BS clock, and with almost identical power. A ranging process includes initial ranging and periodic ranging. The ranging signal specified in IEEE 8-2.16e suffers from unsatisfactory initial timing estimation performance when there are multiple initial ranging requests, even if the strengths of individual incoming ranging signals and the noise power level are known. Estimation of the strengths of multiple incoming ranging signals, however, is very difficult, if not impossible, during an initial ranging period.
This contribution proposes a new family of ranging codes and the corresponding channel assignment scheme (CAS) which enables a BS to detect multiple RSS signals and estimate the corresponding timing offsets and powers. Our design uses only one OFDM symbol and gives robust, excellent multi-user detection and timing estimation performance. Compared with the performance of existing works, our ranging code design and its detection method yield much improved performance and greater immunity against the interference from multi-users and frequency selective fading. Side information such as noise power level and signal-to-interference ratio is not needed.
Any RSS who wants to communicate with the BS shall activate an initial ranging process. Periodic ranging is needed to cope with the time-variant nature of a mobile environment. This contribution focuses on the initial ranging process only but an extension to periodic ranging would be straightforward.
2. Review of Related Works
In an IEEE 802.16e-based OFDMA system, a RSS senses a BS, accomplishes downlink synchronization and acquires uplink transmission parameters. Then, it chooses one of the available frequency-domain ranging codes randomly and transmits its ranging symbol twice over two consecutive OFDM symbol intervals with BPSK modulation on the ranging channel in a randomly chosen ranging time-slot. When a BS receives the ranging symbols from several RSSs, it must be able to detect and identify these ranging codes. After separating colliding codes, the BS will extract the timing information and the associated power for each RSS. The BS then broadcast a ranging response to notify all active RSSs that they should adjust to the corresponding time-slots. The ranging response contains not only the adjustment information (e.g. timing and power adjustments) but also the status information (e.g. success, retransmission). Before receiving the success notification, each RSS should adapt its power and timing to satisfy the corresponding adjustment instruction at each iteration. The ranging process shall continue until being notified otherwise.
There are a few investigations [2]-[5] on the initial ranging for the IEEE 802.16e standard [1] or general OFDMA systems. These works fall into two major categories. The first category [2], [3] is based on the ranging codes of [1]. In [2], a frequency domain correlator bank is used to detect the multi-user ranging codes by comparing the correlators' outputs with a fixed threshold. Since the output statistic is a function of the multi-user interference, which in turn depends on the number of RSSs, the cross-correlations of the ranging codes used, and the corresponding power and noise levels, a fixed detection threshold would not be able to provide robust performance. Fu and Minn [3] suggested using an adaptive threshold for a time-domain correlator bank and, as expected, obtained a better performance.

The second category [4], [5] proposes ranging code structures other than that defined by [1]. Zhuang et al. [4] partitions all active RSSs into different groups. Each group is given its specific and non-overlapping subchannels, consisting of consecutive adjacent subcarriers, such that the multiple-period ranging signals from different groups will not interfere with each other within an observation window of a single OFDM symbol. Furthermore, the number of subcarriers within a subchannel is equal to the code duration. As consecutive subcarriers are assigned to an user, diversity is lacking. Frequency-selective fading and propagation delay variation of RSSs increase the ranging complexity and degrade the performance. Fu, Li and Minn [5] suggests an interleaved channel assignment scheme (CAS) to overcome the major drawbacks of the above approache. However, their method requires that multiple-symbol ranging code be used.

The rest of this contribution is organized as follows. The ensuing section describes system models and our channel assignment scheme. Our ranging signal design is presented in Section 4, and proposed ranging method is introduced in Section 5. Simulation results and discussions are reported in Section 6. Finally, conclusions are given in Section 7.
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3. Channel assignment and system description
The same number of subcarriers as that specified in [1] are used for the proposed ranging code structure so that a fair comparison can be made. The proposed frequency domain interleaved-subband channel assignment scheme (IS-CAS) is shown in Fig. 1. Subcarriers are divided into 
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Consider an operation scenario in which different RSSs are randomly distributed over the coverage of a BS such that their ranging signals arrive at the BS asynchronously. The maximum transmission delay 
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 (samples) equals to the round-trip propagation delay between the BS and a RSS at the boundary of the cell. To avoid inter subcarrier interference (ICI) and inter symbol interference (ISI), the length of the cyclic prefix (CP), 
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Assuming the uplink channels remain static within a symbol duration and ignoring the presence of noise for the moment, we express the received ranging waveform 
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where 
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where 
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As shown in Fig. 2, within an observation window of width 
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 Fig. 2. Time-domain relationships of various arriving RSS signals within a BS observation window.
4. Proposed Ranging Signal Structure
The maximum supported RSSs in one group, M, is set to be 
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Every BS broadcasts its seed in downlink subframe. Let 
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where 
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The multiplication of 
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 therefore serve the purpose of PAPR reduction just like the sequences used in selective mapping. In our design, however, the prototype sequence is known once the BS seed (or ID) is given. Hence the corresponding optimal (phase) rotation vector can be predetermined. It can be broadcasted along side the BS seed or be stored in mobile stations. In contrast to the CDMA codes used in 16e, the above ranging codes have simpler structure and are easier to generate. 
Such an arrangement also ensures that the overall frequency-domain phase shifts of all RSSs in the same group are non-overlapping over the interval 
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. Hence, the RSSs in the same group can be detected and decoupled easily without using multiple OFDM symbols, giving a better rate and throughput performance. For convenience of reference, the proposed ranging signal (6)-(7) with its channel assignment scheme will be referred to as the frequency-domain interleaved polyphase (FDIP) code.
5. Ranging method
Let the timing estimation error for 
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       The structure of the FDIP code and the assumption that the subband bandwidth is smaller than the uplink channel's coherent bandwidth imply that the channel gains within a subband are related by 
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where 
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and the diagonal matrix 
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Then we have 
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where 
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5.1. Multi-user Ranging Signal Detection and Timing Offset Estimation
The covariance matrix of 
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is a Hermitian matrix whose eigenvalues values are non-negative. Let 
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where 
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5.2. Power Estimation 
Rewriting (12) as 
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where 
[image: image125.wmf]m

m

m

H

A

P

=

 and 
[image: image126.wmf])

ˆ

(

d

V

m

 is obtained by replacing the delays in (10) by their estimated version 
[image: image127.wmf]d

. The LS estimate 
[image: image128.wmf]m

P

ˆ

 can be obtained by 



[image: image129.wmf],

)

ˆ

(

=

†

m

m

m

Y

d

V

P


 MACROBUTTON GrindEQ.reference.UpdateGrindeqFields (18)

where 
[image: image130.wmf][

]

)

ˆ

(

)

ˆ

(

)

ˆ

(

=

)

ˆ

(

1

†

d

V

d

V

d

V

d

V

H

m

m

H

m

m

-

. The power of the 
[image: image131.wmf]i

th RSS in the 
[image: image132.wmf]m

th group can be represented as 



[image: image133.wmf]H

im

im

c

im

P

P

N

P

=


 MACROBUTTON GrindEQ.reference.UpdateGrindeqFields (19)

where 
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6. Simulation Results
6.1. System parameters and assumptions
The OFDMA system parameter values used in the simulations and reported in this section are the same as those defined in [1] and [9]. The uplink bandwidth is 10 MHz, and the subcarrier spacing is 10.9375 KHz. The number of subcarriers used for initial ranging is 144. For the proposed ranging structure 
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=2. Thus the maximum number of RSSs in one time slot is equal to 8. The speed of each RSS is 120 km/hr and carrier frequency is 2.5 GHz, hence the normalized residual frequency offsets of RSSs are assumed to be i.i.d. within the range [-0.05,0.05]. Some or all of the following RSS distributions are considered in each figure. They are (i) 1 RSS, (ii) 2 RSSs in 1 group, (iii) 2 RSSs in 2 groups, (iv) 4 RSSs in 4 groups, (v) 4 RSSs in 2 groups and (vi) 8 RSSs within one ranging time-slot.
6.2. PAPR control performance
The rotation (mapping) vector 
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. We calculate the mean and standard deviation of the crest factor by averaging over all possible BS seeds.  Fig. 3. shows that increasing the constellation size of 
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 reduces the PAPR or the crest factor of a ranging code. However, either the downlink overhead or the mobile terminates’ storage requirement will increase accordingly. 
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Fig. 3. Crest factor reduction by using binary and quaternary rotation vectors.
                            
6.3. Multi-User detection performance

     Fig. 4 shows the probability of correct detection (
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) performance versus average SNR. It can be seen that 
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 is close to 1 even if SNR is as small as -10 dB. The performance degrades sightly if there are two RSSs in the same group. When SNR is larger than -7 dB, the performance loss is less than 0.005. Obviously, the performance of the proposed ranging signal and algorithm is insensitive to the RSSs' interference and residual frequency offsets.

Fig. 5 plots the probability of false alarm (
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) as a function of the average SNR. We find that at high SNR, the RSSs in the different groups do not cause an increase of false alarm probability even if the residual frequency offset is nonzero. At lower SNR, the false alarm probability for the case when there is only one RSS per group will be higher than that if there are more than one RSS in each group due to the use of the same group of subcarriers. Both signal and null spaces are influenced by strong noise. When the SNR exceeds 5 dB, the noise effect becomes insignificant. However, even if SNR is smaller than 5 dB, the false alarm probability is always less than 0.02
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Fig. 4. Detection probability performance as a function of average SNR.
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Fig. 5. Probability of false alarm as a function of the average SNR.
6.4. Performance of the timing estimate
Fig. 6 shows the performance of timing jitter, defined as the root mean squared error of the timing offset estimator, as a function of the average SNR for various RSS distributions. In each simulation run, the transmission delays are taken randomly from the interval 
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. It can be observed that one RSS in one group yields better performance than two RSSs in one group. The performance loss, however, is but one sampling interval. After each RSS has adjusted its timing offset, the BS can increase the number of RSSs in one group to support more RSSs provided that the dimension of the null space is larger than one.
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Fig. 6. Timing jitter behavior as a function of the average SNR.
6.5. Power estimator performance
Fig. 7 shows the normalized MSE performance of our power estimation scheme as a function of average SNR. The performance of the power estimate is rather insensitive to the number of RSSs and suffers little or no performance loss in the presence of a residual frequency offset. The MSE curves flatten out at high SNR's due to the limitation of the approximation (8).
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Fig. 7. Normalized MSE performance of the proposed power estimate.
7. Conclusions


We propose a single OFDM symbol based ranging signal design called FDIP code for initial ranging process in an IEEE802.16m-based OFDMA system. The FDIP code makes it possible to devise a ranging algorithm that needs no information about the noise power spectrum density nor powers of active RSSs. Our ranging scheme is based on the idea of projecting the received multiple ranging signals onto the null space and can also be extended for use in periodic ranging process in an OFDMA system. The simulation results demonstrate that the proposed method is more robust to multipath fading and multiuser interference than those using the frequency domain CDMA ranging codes used by IEEE802.16e. Not only multiple initial ranging waveforms can be detected and separated but their individual timing offsets and power levels can be accurately estimated.
References 

 MACROBUTTON GrindEQ.reference.UpdateGrindeqFields [1]
 IEEE LAN/MAN Standard Committee, ``Air Interface for Fixed and Mobile Broadband Wireless Access Systems," IEEE 802.16e-2005. 
 MACROBUTTON GrindEQ.reference.UpdateGrindeqFields [2]
 J. Krinock, M. Singh, A. Lonkar, L. Fung and C.-C. Lee, ``Comments on OFDMA ranging scheme described in IEEE 802.16ab01/01r1," document IEEE 802.abs-01/24.
 MACROBUTTON GrindEQ.reference.UpdateGrindeqFields [3]
 X. Fu, and H. Minn, ``Initial uplink synchronization and power control (ranging process) for OFDMA system," in  Proc. Globecomm 2004, pp. 3999 - 4003.

 MACROBUTTON GrindEQ.reference.UpdateGrindeqFields [4]
 X. Zhuang, K. Baum, V. Nangia, and M. Cudak ``Ranging improvement for 802.16e OFDMA PHY," document IEEE 802.16e-04/143r1.

 MACROBUTTON GrindEQ.reference.UpdateGrindeqFields [5]
 X. Fu, Y. Li, and H. Minn, ``A New Ranging Method for OFDMA Systems,"  IEEE Trans. Wireless Commun, vol. 6, no. 2, pp. 659 - 669, February 2007.

 MACROBUTTON GrindEQ.reference.UpdateGrindeqFields [6]
 R. O. Schmidt, ``Multiple emitter location and signal parameter estimation," in  Proc. RADC spectral Estimation Workship, 1979, pp. 243 - 258.

 MACROBUTTON GrindEQ.reference.UpdateGrindeqFields [7]
 Z. Cao, U. Tureli, and Y. D. Yao, ``Deterministic Multiuser Carrier-Frequency Offset Estimation for Interleaved OFDMA Uplink,"  Tran. commun, vol. 52, no. 9, pp. 1585 - 1594, September 2004. 
 MACROBUTTON GrindEQ.reference.UpdateGrindeqFields [8]
 M. Morelli, C.-C. Jay Kuo, and M. O. Pun, ``Synchronization techniques for orthogonal frequency division multiple access (OFDMA): A tutorial review," Proceedings of the IEEE, vol. 95, no. 7, pp. 1394 - 1427, July 2007.

 MACROBUTTON GrindEQ.reference.UpdateGrindeqFields [9]
 IEEE 802.16 Broadband Wireless Access Working Group, ``Draft IEEE 802.16m Evaluation Methodology," IEEE 802.16m-07/037r1.




























  


_1271879975.unknown

_1271880786.unknown

_1271881312.unknown

_1271883312.unknown

_1271954684.unknown

_1271954715.unknown

_1271954763.unknown

_1271954768.unknown

_1271954696.unknown

_1271884935.unknown

_1271954117.unknown

_1271954155.unknown

_1271954160.unknown

_1271954139.unknown

_1271953761.unknown

_1271884856.unknown

_1271884933.unknown

_1271884934.unknown

_1271884932.unknown

_1271884842.unknown

_1271884848.unknown

_1271884831.unknown

_1271884837.unknown

_1271881342.unknown

_1271881860.unknown

_1271883075.unknown

_1271883172.unknown

_1271882901.unknown

_1271882931.unknown

_1271882974.unknown

_1271882028.unknown

_1271881576.unknown

_1271881657.unknown

_1271881358.unknown

_1271881374.unknown

_1271881347.unknown

_1271881327.unknown

_1271881332.unknown

_1271881336.unknown

_1271881320.unknown

_1271881190.unknown

_1271881225.unknown

_1271881298.unknown

_1271881303.unknown

_1271881273.unknown

_1271881289.unknown

_1271881281.unknown

_1271881231.unknown

_1271881211.unknown

_1271881220.unknown

_1271881200.unknown

_1271880882.unknown

_1271881088.unknown

_1271881168.unknown

_1271881180.unknown

_1271881157.unknown

_1271881035.unknown

_1271881058.unknown

_1271881069.unknown

_1271881047.unknown

_1271881007.unknown

_1271881017.unknown

_1271880998.unknown

_1271880820.unknown

_1271880847.unknown

_1271880856.unknown

_1271880867.unknown

_1271880834.unknown

_1271880827.unknown

_1271880805.unknown

_1271880812.unknown

_1271880794.unknown

_1271880638.unknown

_1271880691.unknown

_1271880711.unknown

_1271880760.unknown

_1271880768.unknown

_1271880777.unknown

_1271880751.unknown

_1271880744.unknown

_1271880704.unknown

_1271880676.unknown

_1271880683.unknown

_1271880657.unknown

_1271880667.unknown

_1271880645.unknown

_1271880433.unknown

_1271880484.unknown

_1271880494.unknown

_1271880445.unknown

_1271880396.unknown

_1271880424.unknown

_1271880281.unknown

_1271880343.unknown

_1271880352.unknown

_1271880335.unknown

_1271880028.unknown

_1271848261.unknown

_1271848356.unknown

_1271879746.unknown

_1271879810.unknown

_1271879871.unknown

_1271879959.unknown

_1271879822.unknown

_1271879783.unknown

_1271879799.unknown

_1271879768.unknown

_1271848371.unknown

_1271848377.unknown

_1271848380.unknown

_1271848404.unknown

_1271848411.unknown

_1271848422.unknown

_1271848410.unknown

_1271848391.unknown

_1271848378.unknown

_1271848375.unknown

_1271848376.unknown

_1271848373.unknown

_1271848367.unknown

_1271848369.unknown

_1271848370.unknown

_1271848368.unknown

_1271848361.unknown

_1271848362.unknown

_1271848358.unknown

_1271848273.unknown

_1271848350.unknown

_1271848354.unknown

_1271848355.unknown

_1271848353.unknown

_1271848276.unknown

_1271848349.unknown

_1271848275.unknown

_1271848268.unknown

_1271848271.unknown

_1271848272.unknown

_1271848269.unknown

_1271848265.unknown

_1271848266.unknown

_1271848262.unknown

_1271848250.unknown

_1271848256.unknown

_1271848258.unknown

_1271848259.unknown

_1271848257.unknown

_1271848252.unknown

_1271848253.unknown

_1271848251.unknown

_1271848245.unknown

_1271848248.unknown

_1271848249.unknown

_1271848246.unknown

_1271848243.unknown

_1271848244.unknown

_1271848242.unknown

