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1. Introduction

In the E-UTRA downlink, both distributed and localized data transmission modes are supported within the sub-frame using frequency-domain multiplexing.  Several contributions have proposed different distributed multiplexing options including resource-block level mapping, sub-carrier level mapping, and resource block hopping. This contribution provides performance results of the resource-block level distributed mapping scheme described in [1]. 

2. E-UTRA Distributed Transmission

Distributed resource allocation requires a simple mapping designed to maximize frequency diversity amongst the physical resource blocks (PRBs) reserved for distributed allocations.  In [1]-[3], multiplexing of distributed and localized allocations was discussed and several multiplexing options were presented for EUTRA DL.  The basic principle behind the proposal is to first reserve some PRBs for distributed transmission using a either a predefined mapping or based on remaining PRBs after localized allocation.  Data assigned to each distributed virtual resource block are then uniformly distributed among the PRBs used for distributed transmission as illustrated in Figure 1.  Further details of the proposal may be found in [1].  Note that a PRB may contain data from only a localized user or distributed users but not both.
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Figure 1 - Mapping of DVRBs to PRBs. The DVRBs may be for one or multiple users.
3. Performance Analysis
Figure 2 - Figure 3 illustrate performance for distributed allocation for a packet size of 288 bits corresponding to 144 sub-carriers under R=1/2 16-QAM.  Sub-carrier mapping is done based on the number of PRBs assigned for distributed transmission using bitmap allocation similar to that found in [1].  Relevant simulation parameters are provided in Table 1.  From the results, it is seen that performance of the sub-block based scheme is similar to that for sub-carrier based scheme with NDPRB of at least 6 resource blocks.  Reasonable performance for the sub-block based scheme is also possible with NDPRB as small as 2-4 with H-ARQ.  At the 10% FER operating point, performance degradation for the sub-block based scheme is approximately 0.2 dB for NDPRB = 6 and 0.8 dB for NDPRB = 4.
Performance comparison for sub-carrier based and resource block based distributed allocation is shown in Figure 4 and Figure 5.  In Figure 4, spectral efficiency without H-ARQ is shown.  From the figure, it is seen that sub-carrier based distributed allocation outperforms resource block based distributed allocation at high SNR range.  At lower SNR, performance is comparable.  In Figure 5, spectral efficiency for H-ARQ with two maximum transmissions is shown.  This small number of transmissions may be necessary for low-latency services such as VoIP.  From the figure, it is seen that both methods provide similar performance with only a slight advantage to the sub-carrier based distributed allocation.  Also note that as the maximum number of transmissions increases, performance gap between the two options will decrease accordingly.  Since sub-carrier based distributed allocation is generally more complicated than resource-block based distributed allocation since puncturing of the localized allocation is required, resource-block based distributed allocation is preferred.
4. Discussion
Based on the performance analysis shown, the following conclusions may be drawn - 
· Good frequency diversity may be achieved for the RB-based mapping scheme when at least 4 PRBs are assigned to the distributed allocation in a diverse manner.  With 6 PRBs used, performance of RB-based distributed allocation is similar to sub-carrier based distributed allocation.
· With H-ARQ, performance for RB-based distributed allocation is similar to sub-carrier based distributed allocation with NDPRB as small as 2-4.
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Table 1 - Simulation parameters.

	Parameter
	Assumption

	Carrier Bandwidth
	5 MHz

	TTI Duration
	1 ms

	FFT size
	512

	Resource Block BW
	180 kHz (12 sub-carriers)

	No of Resource Blocks
	25

	Control & Pilot Overhead
	2 OFDM symbols

	Propagation channels
	TU (3 & 120 km/h)

	Channel estimator
	Frequency: DFT with Bayesian threshold
Time: Linear interpolation within sub-frame

	Modulation
	QPSK

	Turbo Code Rate
	R=1/2

	H-ARQ
	IR, circular buffer rate matching

	# of TX antennas
	2 – CDD

	# of RX antennas
	2

	Convolutional Coder
	R=1/3, K=9
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Figure 2.  Performance of distributed transmission – TU (3 km/h).
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Figure 3.  Performance of distributed transmission – TU (120 km/h).
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Figure 4.  Performance comparison of sub-carrier based (option 2) and resource-block based   (option 3) distributed allocation – no H-ARQ.
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Figure 5.  Performance comparison of sub-carrier based (option 2) and resource-block based   (option 3) distributed allocation – H-ARQ with maximum of 2 transmissions.




























































































































































































































































