






[image: PDFHALL.COM]






Menu





	 maison
	 Ajouter le document
	 Signe
	 Créer un compte







































System Performance of Multi-Beam Antennas for

other hand, a continuous data stream with infinite packet size in conjunction with ... Extensive evaluation of advanced antennas in wireless net- work for WCDMA ... 

















 Télécharger le PDF 






 108KB taille
 1 téléchargements
 270 vues






 commentaire





 Report
























System Performance of Multi-Beam Antennas for HS-DSCH WCDMA System Afif Osseiran



M˚arten Ericson



Ericsson Research, SE-164 80 Stockholm, Sweden [email protected]



Ericsson Research, SE-971 28 Lule˚a, Sweden [email protected]



Abstract— This paper summarizes the results for system performance of the WCDMA high speed downlink shared channel (HS-DSCH), where base stations are equipped with multi-beam antennas employing four fixed beams (FB) per sector. The implemented version assumes that each beam has its own HSDSCH channel. In the FB cases the power is equally divided between the beams belonging to the same sector. Each beam employs a scrambling code, thus in total four scrambling codes per cell, compared to one scrambling code for the sector case. A secondary common pilot channel (S-CPICH) on which the UE measures the CIR is assumed to be available for the FB system. In order to investigate thoroughly the interaction between FB and HS-DSCH (analyze the effect of antenna technique), on one hand a WWW traffic model and max-CIR scheduler, and on the other hand, a continuous data stream with infinite packet size in conjunction with proportional fair scheduler, were examined. Two channel models are also investigated: the 3GPP Typical Urban and the Pedestrian A. The results show that for four fixed beam antennas in the Pedestrian A channel model and the highly dispersive channels, significant capacity gains are obtained, threefold compared to a single sector antenna.



I. I NTRODUCTION Extensive evaluation of advanced antennas in wireless network for WCDMA, release 99, has been performed in previous work [1], [2]. With the introduction of a new transport, HSDSCH (High Speed Downlink Shared Channel), a major step forward to increase the user data rate is achieved. While beamforming techniques are largely analyzed in the literature at the link level, very few studies address the system level [1], [2]. Hitherto, the interaction between the HS-DSCH channel and advanced antenna systems, on network level, has been addressed in very few studies [3]. In this paper the system performance of HS-DSCH in WCDMA systems, where base stations are equipped with four fixed beam antennas is presented. Two scenarios are examined. The first consists of proportional fair scheduler [4] in conjunction with a continuous data stream in the downlink with infinite packet size and zero second read time. The second scenario assumes a max-CIR scheduler and WWW traffic model. Two channel models are investigated here: the 3GPP Typical Urban and the Pedestrian A channel models. II. HS-DSCH High Speed Downlink Shared Channel (HS-DSCH) [5], [6], [7] is a downlink transport channel that offers significant higher peak rates, reduced round trip delays and higher capacity than other transport channel specified in the WCDMA specifications. This is achieved since the HS-DSCH supports



Higher-Order Modulation and Coding Scheme, which implies that higher user and system throughput can be achieved. • Fast Link Adaptation, that takes into account the instantaneous quality of the radio propagation environment and adapts the coding and modulation scheme accordingly. • Hybrid ARQ with Soft Combining, which is designed to decrease the number of retransmissions and thus reduce the round trip delays. All HS-DSCH mobile users periodically report the instantaneous Channel Quality Indicator (CQI), which is a measure of the instantaneous radio-channel condition. The Node B or base station (BS), which is responsible for handling the HSDSCH, uses the CQI to assign the appropriate coding and modulation scheme. Furthermore, the base station may also use the CQI to decide which of the users should be scheduled. Example of well known scheduling strategies [8] are Round Robin, Maximum Carrier to Interference and Proportionally Fair (PF). A comprehensive summary of scheduling techniques for HS-DSCH can be found in [9]. •



III. F IXED BEAM ANTENNA CONCEPT & C OMMON C HANNELS This paper deals only with fixed multi-beam (FB) concept. It is assumed that WCDMA base stations are equipped with an antenna array of four elements covering a sector width of 120◦ . The fixed beam antenna concept consists of e.g. four beams with predefined beam pattern and fix pointing directions. In the uplink all antenna elements are used to collect incoming energy resulting in increased diversity gain, while in the downlink the beam receiving the largest uplink power, from the mobile of interest, will be used for transmission. Figure 1 shows the fixed beams diagram and the overlayed sector antenna diagram employed for the this study. Each high speed downlink shared channel is associated with a dedicated channel. Furthermore, 15 percent of the total BS power is equally divided between the primary common pilot channel (P-CPICH) and four secondary common pilot channel. The primary common pilot channel is transmitted on the sector antenna. The secondary channels are transmitted per beam (each secondary account of 7.5 4 percent of the total BS power) with power PbSCP ICH =



P P CP ICH , ∀b ∈ {1, . . . , N }, N



(1)



where P P CP ICH is the total power per cell allocated to the



pu,b,c is the transmitted DCH or HS-DSCH power from beam b of BS c to MS u. • gu,b,c is the path gain from beam b of BS c to MS u. sec • gu,c is the path gain from BS c to MS u including sector antenna gain. • αc,u is the DL orthogonality factor for user u connected to cell c. • PCCH is the power of common channel transmitted per cell. • PSCCH is the power of secondary pilot common channel transmitted per beam. • PSCH is the power of synchronization channel transmitted per cell. ˆCCH = PCCH − PSCH ; is the orthogonal power of • P common channels per cell. • N0 is the receiver, i.e. the mobile station, noise floor. Note that the derivation of the orthogonality factor can be found in [10].
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Example of an fixed beams antenna diagram.



P-CPICH channel, and N is the number of beams covering a sector. The beam with highest gain is selected. All other overhead channels account for 11 percent of the total BS power. All common channels (except the secondary common pilot channels) are transmitted by the sector antenna. For the single antenna case, the total overhead channels (including 10% for P-CPICH) accounts for 21% of the maximum BS power and 26% for the FB case. IV. CIR CALCULATION In case of FB, the common channels (CCH) are transmitted on sector antenna and dedicated channels (DCH) on the beams antenna systems. When the BS employs more than one scrambling code, the orthogonality is therefore affected. The CIR at users u connected to beam b of BS c is calculated according to the equation (2). µ ¶ pu,b,c gu,b,c C = (2) I u,b,c I0 + I1 + N0 Where I1 is the inter-cell interference from DCH, HS-DSCH & CCH and given by : I1 =



Nbi Nc X X i=1, i6=c



j=1



Mj,k sec (PCCH gu,i +



X



pk,j,i gu,j,i )



(3)



k=1



and I0 is the intra-cell interference from DCH, HS-DSCH & CCH and given by : I0



=



sec (PSCH + αu,c PˆCCH )gu,c +



Nbc X



PSCCH gu,j,c



j=1, j6=b



+



Nbc Mj,c X X j=1, j6=b



k=1



Mb,c



pk,j,c gk,j,c + αu,c



X



pk,b,c gk,b,c



(4)



k=1



Where • Nc is the total number of BSs. • Nbi is the total number of beams in the BS i. • Mj,k is the total number of users served by the beam j of BS k.



V. S YSTEM S ETUP The simulated network topology consists of seven sites, each composed of three cells. The cells have an ideal hexagonal form with a cell radius of 500m. The corner excited cell planning is considered. Each cell is either covered by four fixed beams of the same shape or by a single antenna (SA). The cell plan is repeated through a wrap-around technique to avoid border effects. The maximum BS power is limited to 20W. Two channel models are investigated : The 3GPP TU (Typical Urban) and the Pedestrian A (PedA) channel models. The former has 10 chips based taps with slowly decaying power and the latter has three taps of which the first tap is dominant and the subsequent taps are weak. Highly correlated fast fading between the antennas is assumed (correlation factor is equal to 1). The average user speed is 3 km/h. Each mobile is assumed to have one receive antenna. Furthermore, perfect channel estimation is assumed in the terminals. The terminals employ a standard receiver i.e. the RAKE receiver with 10 and 3 taps for the 3GPP TU and the Pedestrian A channel model, respectively. The system performance is evaluated by considering transmissions of packets from a server located in the Internet to a mobile terminal using an HS-DSCH channel. The Internet and Core network are modelled together by a fixed delay of 50 ms and without Internet losses. Two traffic scenarios are investigated. In the first scenario the Transmission Control Protocol (TCP) is not applied, and the traffic model used generates a continuous data stream in the downlink with infinite packet size and zero second read time. In the second scenario, WWW traffic model, the TCP is applied and the traffic model used generates packets on the downlink with fixed size of 50 kbyte. A packet is generated at a random time after the previous packet has been delivered. The read time is modelled as having an exponential distribution, where the mean is 5s. All these models have a Poisson distribution for the birth-death process. For channels other than HS-DSCH, note that cell selection and soft handover are based on highest gain the UE measures



on the sector antenna. Also both inner and outer power control are included. No delays were assumed for soft handover and beam selection algorithms. A. Codes On downlink WCDMA, orthogonal variable spreading factor (OVSF) codes are used to spread the data to the chip rate. In this study, a code tree (i.e. one OVSF code) is allocated per beam. For the HS-DSCH, 12 codes (of spreading factor 16) are allocated for each beam, thus in total 48 codes per cell. B. Scheduling & MCS A proportional fair (PF) scheduler is employed for the first scenario. And the max-CIR scheduler is used in conjunction with WWW traffic for the second scenario. While max-CIR more often schedules the users close to the BS, the PF, on the other hand, ensures that users with poor CIR will receive some data. The scheduling and link adaptation are based on the Channel Quality Indicator (CQI) measured at the terminals. The reported CQI measurements are assumed to be error-free. In this study the CQI is identical to the received S-CPICH CIR . The scheduling is done per beam, in fact the standard specifies that the S-CPICH may be used for CQI in each beam. Note that the HS-DSCH CIR prediction is important, because it will decide which MCS (modulation and coding scheme) will be used. C. Performance Measure The network load is measured by the system throughput, which is defined by the sum of correctly delivered bits to all users during the simulation period divided by the simulation period and the number of simulated cells. The system capacity is defined at the point where the system throughput fails to increase despite that the offered traffic increases. Note that the data user average session time was limited to 10 seconds. These settings ensure that reasonably sufficient number of radio propagation conditions are encountered and considered during the simulation period. Note that the used criterion for the system performance measure stresses the cell capacity throughput and may lead to unfair throughput for some users. D. Simulation tools The simulation tool [2] is based on a WCDMA simulator which includes additional modules (such as the fixed multibeams) and the HS-DSCH, i.e higher order modulation, fast link adaptation, scheduling and hyprid ARQ. HS-DSCH features are applied on each transmission time interval (TTI), i.e. every 2ms. While the fast fading, power control and C/I are calculated on a slot by slot basis (i.e. every 0.66ms). Others functions (e.g. radio resources management algorithms, mobility, traffic generation etc. . . ) are done on a frame basis (i.e. every 15ms). E. Disclaimer The absolute capacity values are of minor interest. Generally such a measure is scenario dependent and one ought to consider the relative gain instead.



VI. R ECEIVED POWER AND I NTERFERENCE A NALYSIS Note that the results of the second scenario (defined in section V) will be only shown in the system results (Section VIII). The following definition are used thereafter : • RPib is the DL intra-beam (or inside beam) received power. • RPic is the DL intra-cell (or inside cell) received power. • Iib is the DL intra-beam interference. • Iic is the DL intra-cell interference. • Ioc is the DL inter-cell interference. • Iob is the DL inter-beam (or outside beam) interference. The single antenna (SA) case and FB (for both channel types) have an identical orthogonality factor (OF) distribution (see Figure 2). In fact, as mentioned previously, a complete correlation of fast fading between the beams of the same sector was assumed, consequently yielding an identical OF (i.e. the 4FB and Sec plots, irrespective of the channel model, superpose on each other). In the PedA channel where one ray is dominant, the orthogonality is mostly preserved (see cdf of OF in Figure 2). An interesting aspect to analyze is the system behavior of the ratio between the inter- and intra-cell interference. The cdf of the ratio is shown in Figure 3 for both SA and FB in respectively TU and PedA. For SA in a TU channel, the inter- and intra-cell interference are equally dominant. This is expected since in a TU channel the intra-cell interference is mainly due to the loss of orthogonality caused by high scattering environment. Whereas for FB, the reduction of the intra-cell interference due to the spatial separation is noticeable (in 70% of the cases the inter-cell interference is dominant). In the PedA channel, the orthogonality factor is low which means that the inter-cell interference is the main source of disturbance for both SA and FB. Note a further reduction of the intra-cell interference in the case of FB for the same reason stated above (in almost 99% of the cases the inter-cell interference is dominant). The interference is also analyzed on an beam level in Figure 4. The ratio between the received power from own cell (e.g. connected to ) and own beam. For both channels, and for more than 60% of the users, the own beam received power is greater than the received power from the other beams of the same cell due to the spatial separation. Finally, the cdf of the ratio between the intra- and inter-beam interference are depicted in the bottom of Figure 4. For the TU channel, the UE experiences equal interference from other beams and own beam. On the other hand, for PedA channel, the interbeam interference is more dominant (similar reasons as stated previously). VII. R ESOURCES : MCS & P OWER The modulation and coding scheme (MCS) are shown for the various channel and transmit schemes in Figures 5. Note that for the PedA channel model the highest MCSs are used very often (see Figure 5). We are thus MCS limited in this scenario for both SA and FB. It is interesting to notice that FB is less MCS limited than SA and is due to the power restriction of the HS-DSCH channel on the beam level. Finally, the transmitted downlink power of the HS-DSCH is shown in
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Fig. 4. cdf of the DL received and interference ratios at offered traffic equal to 15 (mean users per sector).



cdf of the orthogonality factor.
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cdf of the inter- to intra-cell interference ratio Ioc /Iic [dB]. Fig. 5. Cumulative mass function (cmf ) of the selected MCS for various channel conditions.



Figure 6. It can be noticed that for the FB case, the maximum power per beam allocated to the HS-DSCH channel is slightly greater than 3W. Whereas in the SA case up to 15W (per cell) were allocated to the HS-DSCH channel. The remaining power was allocated to the common channel or secondary (in the FB case) and associated dedicated channels. VIII. S YSTEM R ESULTS In the following, the performance of a SA WCDMA system (assuming HS-DSCH) is compared with a system equipped with 4 FB antennas. Figure 7(a) shows the mean user bit rate as a function of the served system throughput. For a user bit rate of 200 kbps (also for 500 kbps), the FB compared to the SA case exhibits 200% gain in terms of system throughput for TU and PedA channels. Similar behavior is also observed for the 10 and 90 percentiles user bit rate, see Figure 7(b) for details. Note that the system throughput decreases after reaching its peak and this due to the retransmission experienced by the users when their number increases beyond the system capacity, hence



causing more interference, and consequently an increase in the retransmissions. The relative gain of FB to SA case, and absolute system throughput for both TU and PedA are summarized respectively in tables I and II for the first scenario. Table III shows the relative gain of FB to SA case for TU channel for the second scenario (i.e WWW traffic and max-CIR scheduler). It is important to notice that the relative gain of FB compared to SA is not traffic scenario nor channel model dependent. Criteria 10 percentile @ 100 kbps 90 percentile @ 500 kbps
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Relative Gain



4.58 11.70 4.53 12.22



1 2.55 1 2.70



TABLE I R ELATIVE CAPACITY GAIN OF FB & SECTOR HSDPA SETUP FOR P EDA
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cdf of the power for the scheduled HS-DSCH users
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TABLE II R ELATIVE CAPACITY GAIN OF FB & SECTOR HSDPA SETUP FOR TU
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IX. C ONCLUSIONS This paper studies the performance of HS-DSCH over a system where each cell is equipped with four fixed beams (FB). The FB case is compared to an ordinary 3 sector case. The results presented in this paper have shown that regardless of the studied radio channel (Pedestrian A and Typical Urban) and scenarios (traffic models plus scheduler types), the fixed beam antennas network systems for HS-DSCH WCDMA system offers an impressive capacity gain (in terms of system throughput), up to 200%, relative to the single sector antenna. It is worthwhile mentioning that in a WCDMA system (e.g. release 99), four fixed beams also provided a relative gain (compared to a single sector antenna) of the same order gain [2].
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User bit rate versus system throughput for FB and single antenna. Criteria 10 percentile @ 100 kbps
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R ELATIVE GAIN OF FB COMPARED TO SA IN TU AND FOR THE SECOND SCENARIO .
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