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1 Introduction
In Evolved UTRA, two alternative transmission schemes can be used: localized transmission is used for frequency selective scheduling, and distributed intromission is used for frequency diversity. There have been discussions on downlink data multiplexing schemes for those localized and distributed transmission proposed. So far, mainly two schemes have been raised.

· Sub carrier level multiplexing as shown in Figure 1 (a)

· Resources for distributed transmission are obtained by puncturing (or stealing) the resources for localized transmission: Sub-carrier level distributed transmission

· Available resources for a PRB allocated for the localized transmission can be changed due to resource puncturing.

· Resource block level multiplexing as shown in Figure 1 (b)

· Resources for distributed transmission are obtained by using some PRBs entirely for block level distributed transmission: Resource block level distributed transmission

· Number of PRBs for localized transmission can be reduced.
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In the view of frequency selective scheduling with localized transmission, the scheduling gain will be impacted by both available resource of a single PRB and the number of PRBs in the whole bandwidth. This document is evaluating the frequency scheduling gain of the two multiplexing approaches considering localized transmission.
2 Performance evaluation

This section is evaluating the system performance of two different downlink data multiplexing schemes. We can see how the frequency scheduling performance of localized transmission is influenced by the different approaches for distributed transmission.
2.1 Evaluation scenario
This section is describing how the simulation is performed for seeing the frequency selective scheduling performance.
· Assume that the size of distributed VRB is same as the size of one PRB.
· Set the number of simultaneously transmitting users using distributed transmission.
· Distributed users are not taken into account for the actual throughput in this evaluation.

· The performance of distributed transmission is evaluated by the link level simulation in [2]

· Adjust the available resources for localized transmission according to the distributed transmission scheme

· For sub-carrier level distributed transmission, the number of available sub-carriers in a single PRB for the localized transmission is reduced by the number of sub-carriers that are stolen by the distributed users.
· For resource block level distributed transmission, the total number of available PRBs is reduced by the number of distributed VRBs.

Assuming the above scenario, the possible simulation parameter sets are listed up in table 1. 
	Number of simultaneous DRCH users
	Number of PRBs in a whole BW
	Number of subcarriers in a PRB

	
	SC level
	RB level
	SC level
	RB level

	0
	24
	24
	20 x 24
	20 x 24

	1
	24
	23
	20 x 4, 19 x 20
	20 x 23

	2
	24
	22
	19 x 8, 18 x 16
	20 x 22

	3
	24
	21
	18 x 12, 17 x 12
	20 x 21

	6
	24
	18
	15 x 24
	20 x 18

	8
	24
	16
	14 x 8, 13 x 16
	20 x 16


Table 1: The possible combination of the simulation parameters 
(Assuming that 20% of frequency resources (120 subcarriers) are used for pilot and other overhead channel)
2.2 Simulation results

Figure 1 is showing the throughput performance of the localized transmissions assuming that a fixed number of distributed VRBs are used. We can see that sub-carrier level multiplexing shows higher throughput performance than resource block level multiplexing. The gain starts from less than 1% in case of small number of distributed VRB, and it goes up to about 2% when the number of distributed VRBs is large, such as 8. The throughput gain is getting bigger as the number of distributed VRBs gets larger. This is because the resource block level multiplexing decreases the number of PRBs, i.e. the effective bandwidth that can be used for the frequency selective scheduling, which leads to the loss of frequency selective scheduling performance. 

In figure 2, there is no significant difference in the CDF of normalized user throughput between two multiplexing approaches, which means that fairness properties for the two approaches are similar.
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Figure 1: Average cell throughput of localized users

[image: image3.emf]CDF of normalized throughput (10 users per cell, 3Km/h, 6 distributed VRBs)

0

0.2

0.4

0.6

0.8

1

0 0.5 1 1.5 2 2.5

Normalized throughput

CDF

Sub-carrier level

Resource-block level


Figure 2: Fairness curves (10 users per cell, 3Km/h, 6 distributed VRBs)

3 Conclusion

Based on the system evaluation results shown in section 2 and link evaluation results that are shown in [2], it is proposed to have subcarrier level transmission as the working assumption for distributed transmission in E-TURA downlink. It is also proposed to agree on the relevant text proposal in [3].
4 General Simulation Assumptions

Table 2: OFDM Parameters
	Parameter
	Assumption

	TTI duration (msec)
	0.5

	FFT size
	1024

	OFDM sample rate (Msamples/sec)
	15.36

	CP duration ((sec/ samples)
	(4.75/73) ( 6, (4.82/74) ( 1

	Subcarrier separation (kHz)
	15

	# of OFDM symbols per TTI
	7

	OFDM symbol duration ((sec)
	66.67

	# of useful subcarriers per OFDM symbol
	600

	Transmission bandwidth (MHz)
	9.015

	Bandwidth for Resource Block (KHz)
	375

	Number of physical resource blocks
	24


Table 3: System simulation parameters
	Parameter
	Assumption

	Cellular layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance
	500 m

	Minimum distance between UE and cell
	35 m

	Distance dependent path loss
	128.1 + 37.6log10(R), R in kilometers

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

	Total BS Tx power
	46 dBm

	Penetration loss
	20 dB

	Standard deviation of slow fading
	8 dB

	Shadowing correlation between cells / sectors
	0.5 / 1.0

	Carrier frequency
	2000 MHz

	BS/UE antenna gain
	14 dB / 0dBi

	UE noise figure
	9 dB

	Thermal noise density
	-174 dBm/Hz

	Overhead channel (pilot and other control channels)
	20 % of subcarriers

	Modulation scheme and Channel coding rate
	See Table 3.

	CQI delay
	1.5 msec (3 sub-frames)

	CQI period
	Every 5ms (10 sub-frames)

	Scheduling algorithm
	Proportional Fair scheduling

	Effective SIR mapping function
	Exponential Effective SIR Mapping

	Packet combining method in hybrid ARQ
	Chase combining, (max 5 Retransmissions)

	Number of receiver antennas
	2

	Traffic model
	Full queue traffic

	Frequency re-use
	1

	Channel model
	Typical Urban

	UE speed
	3 km/h


Table 4: Modulation and coding scheme
	Modulation
	Code Rate
	Repetition Factor
	Effective Code Rate

	QPSK
	1/3
	2
	1/6

	
	1/3
	1
	1/3

	
	1/2
	1
	1/2

	16 QAM
	1/3
	1
	1/3

	
	1/2
	1
	1/2

	
	2/3
	1
	2/3

	64 QAM
	1/2
	1
	1/2

	
	2/3
	1
	2/3

	
	4/5
	1
	4/5
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