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1 Introduction
The objective of UTRA evolution study item is to develop a framework for the evolution of the 3GPP radio-access technology towards a high-data-rate, low-latency and packet-optimized radio-access technology ‎[1]. The UTRA evolution targets a system with 10X higher data rates and 2-4X higher spectral efficiency than that is achieved with 3G Rel6 systems ‎[2]. Another important driver for UTRAN evolution is the efficient use of the spectrum and system resources that can help to reduce the development and deployment costs.

In order to meet the above challenges, multiple access scheme(s) considered should provide higher data rates and higher spectral efficiency at a reasonable complexity. The uplink multiple access aspects are discussed in a companion contribution ‎[3]. This contribution focuses on the downlink multiple aspects for Evolved UTRA. The two dominant forms of traffic on the downlink are expected to be unicast and broadcast. A single multiple access scheme that efficiently supports these two traffic types is desirable from system and UE complexity point of view. 
In this paper, we provide analytical and simulation results on the performance comparison between WCDMA and OFDM for both broadcast and unicast applications. 

First of all, we provide a simple analysis comparing performance of OFDM and WCDMA for broadcast and unicast applications in terms of achievable capacity. Our analysis shows that OFDM can provide significant gains for broadcast application due to its ability to constructively combine the same information bearing signals received from different base stations with potentially different relative delays. In fact, in case of OFDM, signals from different base stations carrying the same information stream appear as multipaths of the same signal resulting in a frequency selective channel without any multi-path interference.  In case of WCDMA using RAKE receiver, these different signals interfere with each other due to the asynchronous codes received from different base stations. Similar conclusions apply for unicast traffic in multi-path dispersive channels where the performance of WCDMA is dominated by the multi-path interference.

The current 3G Rel6 systems are based on a WCDMA radio interface. In WCDMA systems, orthogonal codes are used for traffic and user multiplexing. In general, these codes stay orthogonal as long as they are received in synchronous fashion at the receiver. This is, for example, the case when a single base station communicates with a mobile station on a non-dispersive channel (single-path channel). On the other hand, when the codes are not received in synchronous fashion at the receiver, these codes are no longer orthogonal and therefore interfere with each other. This is, for example, the case when WCDMA based on RAKE receiver is used in dispersive multi-path channels, soft handoff and broadcast on the downlink. In case of broadcast and soft handoff, the codes received from different base station are not synchronous and therefore interfere with each other. Similarly, on the uplink, the WCDMA codes received from different mobile stations are not synchronous due to different propagation delays for mobiles at different locations within a cell.  

OFDM can provide potential benefit over WCDMA technique used in 3G Rel6 systems in areas where the latter becomes non-orthogonal. The sinusoid waveforms (subcarriers) used in OFDM stay orthogonal under broadcast, soft handoff and uplink transmission scenarios if OFDM parameters (e.g. cyclic prefix length) are chosen carefully.  
In Section 2, we provide simple analysis comparing performance of OFDM and WCDMA for broadcast and unicast applications in terms of experienced SINR (Signal-to-Interference-plus-Noise Ratio) by the mobile receiver and achievable capacity.. It is well known that WCDMA using an advanced equalizer can provide potential performance benefit over RAKE receiver at the expense of additional complexity ‎[4]. In Section 3, we show system level simulation results comparing performance of WCDMA and OFDM for broadcast and unicast applications. Finally, concluding remarks are given in Section 4.
2 Numerical Analysis
2.1 Performance for Broadcast Traffic

For simplicity of analysis, we assume that the equal power P is received from all the base stations transmitting the broadcast content and listened at the UE. This may be a reasonable assumption for the broadcast scenario where the cell edge users limit the performance and these users receive signals from multiple base stations. Therefore, the signal from a given base station is either received at the same equal power or no signal received at all. Note that in a practical system, a given UE would only be receiving signals from a subset of base stations in the system. For base stations far away from the mobile, a very weak or no signal may be received. Furthermore, we assume a single path flat-fading channel i.e. no ISI present in the system.

2.1.1 Wideband CDMA (WCDMA)

We further assume that a RAKE receiver is used to track and combine signals from K base station transmitters.  Then, the signal-to-interference-plus-noise ratio (SINR) for the signal received from base station k is expected to be:
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It is assumed that the different copies of the signal received from different base stations are asynchronous, so that copies from transmitters others than k becomes interference. Using maximum-ratio-combining (MRC) for signals received from different base stations, the average signal-to-noise ratio can be expressed as the sum:
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It can be noted that the achievable SINR in a WCDMA system is limited to 1 (0.0dB) when the broadcast signal is received from large number of base stations (K>>1). The capacity for broadcast traffic in a WCDMA system can then be written as:
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We observe that the achievable capacity for broadcast in a WCDMA system is limited to 1b/s/Hz when the broadcast signal is received from large number of base stations (K>>1). It should be noted that the above formulation assumes that WCDMA RAKE receiver has large number of fingers available to potentially receive signals from a large number of base stations. In practice, lower capacity would be achieved for WCDMA due to limitation on the maximum number of RAKE fingers.

2.1.2 Orthogonal Frequency Division Multiplexing (OFDM)

In case of OFDM, the signals received from multiple synchronized base stations are orthogonal as long as the relative delays of the received signals are within the OFDM symbol cyclic prefix length. Therefore, there is no interference when the same broadcast content is transmitted system-wide apart from the background noise. Therefore, the average SINR in an OFDM-based broadcast approach is given as:
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In case of OFDM, an interesting aspect is the frequency selective fading introduced across the OFDM signal spectrum when signals from different base station are received with different timing offsets. The frequency selectivity poses challenges in terms of channel estimation and may affect the performance of channel decoding. An approach called Exponential Effective SINR Mapping (EESM) was proposed in ‎[4] to capture the penalty in effective SINR due to frequency-selective fading on OFDM subcarriers. The effective SINR using this approach is given as:
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where SINRi is the SINR observed at subcarrier i.

In a broadcast application, the information is typically interleaved in time over relatively longer periods. Therefore, SINR will also see variations in the time-domain during the broadcast frame transmission period. The variations in time also apply to the WCDMA case and therefore some form of effective SINR computation would also be required for the WCDMA case. We note that detailed simulations would be required in order to assess the difference in effective SINR for the WCDMA and OFDM case. For the sake of simplicity in this analysis, we would compare the performance for OFDM and WCDMA using average SINR.

 The OFDM system capacity for broadcast traffic can then simply be written as:
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We also need to take into account the Cyclic Prefix (Guard Interval) overhead (typically around 10%) for the OFDM case. Therefore, the capacity of an OFDM system can be scaled-down to account for CP overhead as below:
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Where Ts is the OFDM symbol duration and GI is the cyclic prefix duration.

We also define KP/N0 as the broadcast geometry i.e. all the base stations in the system transmit the same information content and therefore no interference from neighboring cells. The only source of degradation is background noise. Note that broadcast Geometry is independent of the multiple access scheme used and represents the maximum achievable SINR. OFDM provides SINR equal to the Geometry because the signals received from different base stations are orthogonal as long as the relative delays of the received signals are within the OFDM symbol cyclic prefix length. On the other hand, SINR achieved using a RAKE receiver is always inferior to broadcast Geometry because signals from different base station interfere with each other.

2.1.3 Numerical results

In Figure 1, we compare the achievable capacity for WCDMA and OFDM in the broadcast scenario. In these results, we assumed 10% CP overhead for the OFDM case. It can be observed that OFDM can provide large gains compared to WCDMA for the typical range of Geometry experienced at the cell edge in a cellular system with frequency reuse (see Figure 7 in Appendix). Note that in this case, we assumed that the RAKE receiver in WCDMA has no limit on the number of RAKE fingers. In practice, where the number of RAKE fingers is limited, WCDMA performance will further degrade.
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Figure 1 Capacity limits for WCDMA and OFDM for broadcast scenario

The potential capacity gains of OFDM over WCDMA are summarized in Table 1 below. In general, the gains of OFDM over WCDMA are higher for larger broadcast geometry. This is generally the case for smaller cells where at the cell edge strong signals are received from multiple base stations. On the other hand, for larger cell sizes where the performance is limited by the background noise, OFDM provides relatively smaller benefit over WCDMA. 

Table 1: Potential capacity gains of OFDM over WCDMA for broadcast traffic

	Broadcast Geometry, KP/N0 [dB]
	Capacity gain of OFDM over WCDMA [(COFDM-CWCDMA)/CWCDMA*100]

	0.0dB
	49%

	7.0dB
	152%

	10.0dB
	215%


2.2 Performance for Unicast Traffic

The unicast traffic is different from the broadcast traffic in the sense that the same information is not transmitted from the neighboring cells. This leads to interference from the neighboring cells irrespective of the multiple access scheme used.  Therefore, the inter-cell interference needs to be taken into account when comparing different multiple access schemes on the downlink. 

A key difference between OFDM and WCDMA using RAKE receiver is that the latter suffers from ISI in multi-path dispersive fading channels. Therefore, in case of a single-path flat-fading channel, the performance of OFDM and WCDMA is going to be similar. The performance difference between OFDM and WCDMA on the downlink would depend upon the extent of multi-path interference in case of WCDMA. In general, the use of larger bandwidths in multi-path dispersive channels would lead to more multi-path interference and therefore favoring OFDM over WCDMA. 

In this section, we compare the performance of OFDM and WCDMA for the case where the WCDMA performance is dominated by the multi-path interference. This case is representative of larger bandwidths and dispersive channel where OFDM is expected to provide the greatest advantage over WCDMA. This kind of evaluation would provide insight into the maximum performance benefit achievable using OFDM in the downlink. 

2.2.1 Wideband CDMA (WCDMA)

In a WCDMA system using a RAKE receiver, the signal-to-interference-plus-noise ratio (SINR) for the signal received at multi-path component k can be expressed as:

[image: image9.wmf](

)

0

1

N

K

P

K

fP

K

P

SINR

k

+

-

+

=


For simplicity of analysis, we assumed that equal power P/K is received on all the K multi-path components where P is the total received power from the cell of interest. f represents the ratio between other-cell and own-cell signal. We also assumed that a single-user is scheduled at a time in a TDM fashion using all the cell resources and hence no interference between the users due to multi-path interference. Using maximum-ratio-combining (MRC) for signals received at different RAKE fingers, the average signal-to-noise ratio can be expressed as the sum:
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where ((P/N0) is the SINR when all the power is received on a single-path and there is no interference from the other cells.


[image: image11.wmf](

)

1

1

1

+

+

×

=

>>

f

SINR

K

For

WCDMA

r

r


It can be noted that the maximum achievable SINR in a WCDMA system is limited to 1 (0.0dB) when the unicast signal is received with large number of multi-path components (K>>1). The user capacity for unicast traffic in a WCDMA system can then be written as:
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The peak data rate achievable with WCDMA will be limited to 1b/s/Hz when the unicast signal is received with large number of multi-path components (K>>1).

2.2.2 Orthogonal Frequency Division Multiplexing (OFDM)

In OFDM, there is no multi-path interference due to use of a cyclic prefix and 1-tap equalization of OFDM subcarriers. Therefore, the only sources of SINR degradation in an OFDM system are the other-cell interference and the background noise. The SINR in an OFDM system can therefore be expressed as:
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In case of OFDM, an interesting aspect as pointed out earlier is the frequency selective fading introduced across the OFDM signal spectrum when signals from different base station are received with different timing offsets. The frequency selectivity poses challenges in terms of channel estimation and may affect the performance of channel decoding. An approach called Exponential Effective SINR Mapping (EESM) was proposed in ‎[4] to capture the penalty in effective SINR due to frequency-selective fading on OFDM subcarriers. The effective SINR using this approach is given as:
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where SINRi is the SINR observed at subcarrier i.

In general, unicast traffic as in HSDPA is transmitted over very short period (2.0ms TTI). Therefore, for low to medium Doppler, the channel is expected to be static in time. However, for very high Doppler, SINR may also see variations in the time-domain during the unicast frame transmission period. The variations in time also apply to the WCDMA case and therefore some form of effective SINR computation would also be required for the WCDMA. We note that detailed simulations would be required in order to assess the difference in effective SINR for the WCDMA and OFDM case. For the sake of simplicity in this analysis, we would compare the performance for OFDM and WCDMA using average SINR. We note that this assumption may be advantageous to OFDM.
The capacity limit of an OFDM system is then given as:


[image: image15.wmf](

)

]

/

/

[

1

1

log

1

log

1

log

2

0

2

2

Hz

s

b

f

N

fP

P

SINR

C

OFDM

OFDM

÷

÷

ø

ö

ç

ç

è

æ

+

×

+

=

÷

÷

ø

ö

ç

ç

è

æ

+

+

=

+

=

r

r

-
We also need to take into account the Cyclic Prefix (Guard Interval) overhead (typically around 10%) for the OFDM case. Therefore, the capacity of an OFDM system can be scaled-down to account for CP overhead as below:
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Where Ts is the OFDM symbol duration and GI is the cyclic prefix duration.

It can be noted that the SINR in an  OFDM system degrades with increasing f. Therefore, users closer to the cell with low f are expected to benefit more from OFDM than users at the cell edge. The performance of cell edge users is dominated by interference from neighbouring cell rather than the own-interference. Therefore, OFDM is expected to help little for the weak users in the cell.
2.2.3 Numerical Results for Unicast Traffic

Figure 2 and Figure 3 provides the performance comparison of WCDMA and OFDM for the case of =10 and 0.0dB respectively. Note that  is defined as the SINR when all the power is received on a single-path and there is no interference from the other cells. In these results, we assumed 10% CP overhead for the OFDM case. The performance of WCDMA is provided for three different cases where the number of equal-power multi-path components is 2, 4 and very large (K>>1). Note that the WCDMA performance is similar to that of OFDM for the case of single-path channel (K=1).

It can be noted that OFDM provides greater capacity advantage for the cases when the other-cell interference (f) is relatively small. This is usually the case for the users closer to the base station. For these good users, the performance is dominated by the multi-path interference for WCDMA and therefore, eliminating multi-path interference using OFDM helps improve the capacity significantly. However, for the weak users at the cell edge (f relatively larger), the performance is dominated by interference from neighbouring cell rather than the own-cell-interference. Therefore, OFDM provides little advantage for the weak users in the cell.

It can also be observed that the performance difference between OFDM and WCDMA is small for smaller  as shown in Figure 3.  In general, multi-path interference has greater impact on users with good channel conditions compared to the users with relatively weaker channel conditions. 
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Figure 2 Capacity limits for WCDMA and OFDM for unicast traffic (=10dB)
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Figure 3 Capacity limits for WCDMA and OFDM for unicast traffic (=0.0dB)

The potential performance gains of OFDM over WCDMA are summarized in Table 2 and Table 3 for the case of =10 and 0.0dB respectively.

Table 2: Potential capacity gains of OFDM over WCDMA for unicast traffic (=10.0dB)

	f
	K=2
	K=4
	K>>1

	0.0
	122%
	180%
	237%

	1.0
	21%
	36%
	51%

	2.0
	9%
	18%
	27%


Table 3: Potential capacity gains of OFDM over WCDMA for unicast traffic (=0.0dB)

	f
	K=2
	K=4
	K>>1

	0.0
	23%
	40%
	55%

	1.0
	10%
	19%
	28%

	2.0
	4%
	11%
	17%


2.3 WCDMA with Frequency-Domain Equalization (FDE)

An alternative approach following the same spirit as OFDM is to define a modulation format in time domain instead of in frequency domain, while performing the frequency domain equalization technique as applied to the OFDM sub-carriers. Both OFDM and WCDMA with FDE reduce the inter-symbol interference by performing equalization in the frequency domain. The difference consists in whether the modulation is performed in the frequency domain or time domain. A modulation symbol in OFDM is transmitted through a sub-carrier while a modulation symbol in WCDMA with FDE is transmitted over the entire used BW. This may potentially make a difference in the performance between OFDM and WCDMA with FDE. In general, WCDMA with FDE would provide frequency-diversity at the expense of potential loss in performance due to noise enhancement (e.g. using ZF equalization) or none-orthogonality between symbols (e.g. using MMSE equalization). Henceforth, we denote WCDMA with FDE simply as ‘FDE’.

OFDM also provides some advantages over FDE in terms of flexibility and lower complexity. For example, OFDM requires one DFT operation in the receiver side, the FDE requires each receiver to perform DFT and IDFT, i.e. double the computation at the receiver. Also, OFDM allows for multiplexing in the frequency domain (frequency-domain scheduling based on channel quality feedback can be exploited), while FDE is basically a single carrier operation, i.e. one symbol occupies the entire bandwidth during a symbol time. Therefore, OFDM system may provide greater flexibility to allocate the radio resource and adapt to the radio condition. For example, by smart subcarrier allocation for the cell-edge users, the experienced SINR can be improved. In FDE, both DFT and IDFT operation will be required at the transmitter if multiplexing is desired in the frequency domain. Moreover, OFDM makes it possible to allocate the pilot symbols mingled with the data symbols in time-frequency, while FDE relies on TDM pilots and, as such, may suffer from inaccurate channel estimation.

As the two approaches bear strong similarities, despite the differences mentioned above, both OFDM and FDE have the advantage of providing better combining gains. Therefore, the analysis made in this paper also applies to FDE. 

In this study, we have made several simplifying assumptions such as perfect channel estimation etc. In reality, in the presence of frequency selectivity, good channel estimation techniques are required in order to exploit the full potential of OFDM.
3 Simulation Results

In this section, we present system level simulation results of performance evaluations for WCDMA and OFDM. First, coverage results of broadcast traffic with a certain supportable data rate for each scheme are compared. Then, cell throughput results under unicast scenario are presented for WCDMA with RAKE, WCDMA with MMSE, and OFDM assuming a full queue traffic model. Finally, simulation results for frequency domain scheduling in OFDMA with contiguous subcarrier allocation structure are presented. 
3.1 Simulation Assumptions

The assumptions used in the system level simulations are listed in Table 4 in Appendix B and are primarily taken from ‎[4]. 

3.2 Simulation Results

3.2.1 Performance for Broadcast Traffic

The support for a certain data rate in broadcast scenario is dependent on both ‘Target PER’ and ‘Target coverage’. ‘Target PER’ is the overall target packet error rate as seen by the layer above the physical layer. ‘Target coverage’ is the fraction of users that have PER less than the target PER. Figure 4 shows the coverage results for broadcast traffic under the simulation assumptions described in Appendix B. We can observe that OFDM provides significant performance benefit over WCDMA with RAKE. For example, OFDM-based broadcast supports 5.76 Mbps with 93 % coverage at 0.1% PER while WCDMA broadcast supports only 1.2 Mbps with 83 % coverage at 0.1% PER.
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Figure 4 Performance of WCDMA (RAKE) vs. OFDM Broadcast
3.2.2 Performance for Unicast Traffic

Figure 5 shows system throughput comparison for unicast traffic between WCDMA with RAKE, WCDMA with MMSE, and OFDM. System level simulations were conducted according to the assumptions described in Appendix B. Note that no code/unit division multiplexing has been performed, i.e., 15 units or all the useful subcarriers are assigned to a single user in each TTI for both WCDMA and OFDM. It can be observed that OFDM outperforms both WCDMA with RAKE and WCDMA with MMSE. However, the performance difference between OFDM and WCDMA with MMSE is relatively smaller. As expected, the performance of WCDMA has significantly improved using an MMSE receiver compared to the RAKE receiver.
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Figure 5 System Throughput Comparison between WCDMA and OFDM for Unicast Traffic
3.2.3 Frequency Domain Scheduling in OFDMA

Simulation results for frequency domain scheduling (FDS) in OFDMA are shown in Figure 6. Cell throughputs are compared between systems with eight sub-bands and one sub-band. In the system with eight sub-bands, entire system band is divided into eight sub-bands, where each sub-band consists of a set of adjacent sub-carriers. Independent scheduling is performed for each sub-band. Consequently, one or multiple sub-bands can be allocated to a single UE for one TTI. On the other hand, in the system with one sub-band, whole system band is assigned to a single user in a TTI. From the results in Figure 6, it is observed that FDS could provide additional throughput gain on top of user diversity of time scheduling. However, it is worth noting that FDS in a system with multiple sub-bands might need more overheads in uplink, e.g., larger amount of channel quality feedback information,
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Figure 6 Simulation Results for Frequency Domain Scheduling in OFDMA
4 Concluding Remarks

We provided a performance comparison of OFDM and WCDMA via analysis and simulations for broadcast and unicast applications. The goal of the analysis is to provide intuition into potential gains achievable using OFDM compared to WCDMA. We had to made several simplifying assumptions in order to keep the analysis tractable. In order for more realistic performance comparison, we also performed detailed system simulations. The conclusions from this study are summarized below:

· The numerical results based on simple analysis indicate that OFDM can potentially provide significant improvements over WCDMA both for broadcast and unicast traffic. For broadcast traffic, in case of WCDMA, the signals received from different base stations interfere with each other due to the asynchronous codes received from different base stations.  In OFDM, signals from different base stations carrying the same information stream appear as multi-paths of the same signal resulting in a frequency selective channel, but the signals remain orthogonal as long as the received signals from different transmitters are within the cyclic prefix length. 

· From the analytical results, we observed that the gains of OFDM over WCDMA for broadcast scenario are higher for relatively smaller cells where at the cell-edge strong signals are received from multiple base stations. In case of large cells where the performance at the cell-edge is dominated by the background noise, OFDM benefit is reduced. Similarly, for unicast traffic, it was noted that OFDM provides greater capacity advantage for the cases when the other-cell interference is relatively small. This is usually the case for the users closer to the base station. For these good users, the performance is dominated by the multi-path interference for WCDMA and therefore, eliminating multi-path interference using OFDM helps improve the capacity significantly. However, for the weak users at the cell edge (relatively larger other-cell interference), the performance is dominated by interference from neighbouring cells rather than the own-interference. Therefore, OFDM provides little advantage for the weak users in the cell. However, the performance of weak users in an OFDM-based system can be improved by using smart resource allocation schemes (subcarrier allocation schemes) that potentially reduces interference for the cell-edge users. 

· The simulations results support the intuition and trends indicated by analysis. For example, we observed that OFDM-based broadcast supports 5.76 Mbps with 93 % coverage at 0.1% PER while WCDMA-based broadcast supports only 1.2 Mbps with 83 % coverage at 0.1% PER. Similarly, for unicast traffic, it was noted that OFDM outperforms both WCDMA with RAKE receiver and WCDMA with MMSE receiver.
· From the system level simulation results, it is observed that frequency domain scheduling (FDS) could provide additional throughput gain on top of user diversity of time scheduling. However, it is worthwhile to note that FDS in a system with multiple sub-bands might need more overheads in uplink, e.g., larger amount of channel quality feedback information. This aspect may also need to be taken into account in future system level evaluations of FDS based OFDM systems. 
In general, a single multiple access scheme that efficiently supports both broadcast and unicast traffic types is desirable from system and UE complexity point of view. The analyses and simulations performed in this paper indicate that OFDM can provide capacity advantage over WCDMA in these two cases of interest. Therefore, OFDM needs to be considered as a strong candidate for downlink multiple access in evolved UTRA.
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Appendix A:

An Example of Geometry Distribution in a Cellular System for Unicast and Broadcast Traffic
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Figure 7 Geometry for unicast and broadcast traffic

Appendix B: 
Simulation Assumptions
B.1

Simulation Assumptions common to WCDMA and OFDM

Table 4. Simulation assumptions
	Parameter
	Explanation/Assumption
	Comments

	Cell layout
	Hexagonal grid, 3-sector sites
	

	Antenna horizontal pattern
	70 deg (-3 dB) with 20 dB front-to-back ratio
	

	Site to site distance
	2800 m
	For broadcast simulations, 2500 m was assumed.

	Propagation model
	L = 128.1 + 37.6 Log10R
	R in kilometres

	CPICH power
	-10 dB
	

	Other common channels
	-10 dB
	

	Power allocated to HSDPA transmission, including associated signalling
	Max. 80 % of total cell power
	

	Slow fading
	As modelled in UMTS 30.03, B 1.4.1.4
	

	Standard deviation of slow fading
	8 dB
	

	Correlation between sectors
	1.0
	

	Correlation between sites
	0.5
	

	Correlation distance of slow fading
	50 m
	

	Carrier frequency
	2000 MHz
	

	BS antenna gain
	14 dB
	

	UE antenna gain
	0 dBi
	

	UE noise figure
	9 dB
	

	Thermal noise density
	-174 dBm/Hz
	

	Max. # of retransmissions
	3
	Retransmissions by fast HARQ.  Does not include the initial transmission. Programmable

	Fast HARQ scheme
	Chase combining 
	

	Scheduling algorithm
	 Proportional Fair Scheduler
	

	BS total Tx power
	44 dBm
	

	Specific fast fading model
	Jakes spectrum
	

	HSDPA slot length
	2 msec
	

	MCS feedback delay
	2 TTIs
	

	UE spatial distribution
	Uniform random spatial distribution over elementary single cell hexagonal central Node-B
	

	MIMO configuration NT:NR
	1:1
	Some broadcast cases assume NR=2 i.e. 2-Rx diversity.

	Channel width
	5 MHz
	

	Frequency Re-use
	1
	

	Traffic Model
	Full queue traffic
	

	Channel Estimation
	Ideal
	

	Channel Model 
	Ped A and B are mixed at 50:50.
	Ped B was assumed for the simulations of frequency-domain scheduling gain 


B.2

OFDM Configuration Parameters

Two sets of OFDM configuration parameters were used as shown in Table 5. OFDM parameters for unicast simulations are the same as “Set 2” given in ‎[4]. On the other hand, a new set was used for broadcast simulations since a longer cyclic prefix length is needed for broadcast scenario in general.

Table 5. OFDM configuration parameter sets used in the simulations
	Parameter
	Unicast
	Broadcast

	TTI duration (msec)
	2
	2

	FFT size (points)
	1024
	1024

	OFDM sampling rate (Msamples/sec)
	6.528
	5.12

	Guard time interval (cyclic prefix) (samples/(sec)
	64/9.803
	256/50

	Subcarrier separation (kHz)
	6.375
	5

	# of OFDM symbols per TTI
	12
	8

	OFDM symbol duration ((sec)
	166.67
	200

	# of useful subcarriers per OFDM symbol
	705
	900

	OFDM bandwidth (MHz)
	4.495
	4.5
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