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1 Introduction

Previous RAN1 meetings have had limited discussion on the mapping of downlink distributed resource block allocations. Two main proposals have been made - 
· Scattered mapping of distributed resources across all available time-frequency resources in subframe [2]
· Resource block division based mapping wherein multiple users share a set of resource blocks allocated for distributed transmission in the subframe [3]
Earlier papers have demonstrated the link performance of these two mapping schemes with different conclusions. In this document, we evaluate the two proposals and make a recommendation.
2 Downlink Resource Block Mapping
The agreed downlink subframe structure [1] is shown in Figure 1. 
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Figure 1: Downlink subframe structure
Basic simulation assumptions for the evaluation are shown in the table below. 
	Carrier sampling rate
	15.36 MHz

	Occupied Bandwidth
	9 MHz

	Oversampling
	No

	Carrier Frequency
	2 GHz

	Number of Users
	1

	Modulation 
	QPSK, 16QAM 

	Pulse Shaping
	No

	Pilot / Data power
	0 dB

	FEC
	Release 6 Turbo Encoder

	ECR
	0.33, 0.5

	HARQ method
	IR

	Number of retransmissions
	4

	Channel
	TU with 6 paths

	Mobile Speeds
	3 km/hr, 120 km/hr

	Channel Estimation
	Real (from pilot channel)

	Number of Transmit Antennas
	1

	Number of Receive Antennas
	2 (with equal gain combining)

	Number of transport blocks per sub-frame
	1

	CRC Length
	24


The following table shows the number of resource blocks (PRB) and the number of subcarriers (non control data only) allocated to a single user in the different simulation setups considered in this evaluation.

	    
	         Set A
	         Set B
	         Set C

	Number Subcarriers
	           144
	          288
	           576

	Number PRB
	             1
	             2
	             4


It can be noted that each PRB is assumed to span 375 kHz (15 subcarriers) and 6 OFDM symbols in time. The allocated number of subcarriers for the data in the above table differs from the complete PRB size due to the presence of pilot and control information within the PRB.

The following table shows the number of resource blocks (PRB) allocated in the downlink for each simulation set. The simulated user uses a part of these PRB’s depending on the Nd value.
	    
	      Nd = 2
	     Nd = 3
	      Nd = 4
	     Nd = 6
	     Nd = 12

	    Set A
	          2
	
	            4
	          6
	           12

	    Set B
	          4
	
	            8
	         12
	

	    Set C
	          8
	        12
	
	
	


In each of the above cases, the PRB’s are assumed to be maximally distributed across the entire bandwidth. As an example, Figure 2 shows the PRB mapping when 4 and 6 PRB’s are active in a subframe within a 5 MHz bandwidth.
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Figure 2: PRB Mapping

Each simulation setup is compared with the corresponding fully distributed resource allocation mapping (with the same number of active subcarriers) i.e. when all the data subcarriers are uniformly distributed over the last six OFDM symbols.

3 Simulation Results
Effective Code Rate 0.3, Set A
[image: image4.emf]
Figure 3a. BLER Performance for QPSK, TU 3Kmph
Figure 3a. BLER Performance for QPSK and 16QAM at TU 3Kmph
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                       Figure 3b.  BLER Performance for QPSK and 16QAM at TU120Kmph
Effective Code Rate 0.3, Set B
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Figure 4a. BLER Performance for QPSK and 16QAM at TU 3Kmph
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Figure 4b. BLER Performance for QPSK and 16QAM at TU 120Kmph

Effective Code Rate 0.3, Set C
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Figure 5a. BLER Performance for QPSK and 16QAM at TU 3Kmph
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                           Figure 5b. BLER Performance for QPSK and 16QAM at TU 120Kmph

Effective Code Rate 0.5, Set A
[image: image10.emf]-10 -5 0 5 10 15 20 25 30

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

Eb/N0 per antenna [dB]

144 Occupied Subcarriers 16QAM TU 120 km/hr

Distributed

Nd = 2

Nd = 6

Nd = 12


Figure 6a. BLER Performance for QPSK and 16QAM at TU 3Kmph

[image: image11.emf]
                       Figure 6b. BLER Performance for QPSK and 16QAM at TU 120Kmph

Effective Code Rate 0.5, Set B
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                        Figure 7a. BLER Performance for QPSK and 16QAM at TU 3Kmph


                 Figure 7b. BLER Performance for QPSK and 16QAM at TU 120Kmph

4 Conclusions

From the above set of simulations, we can observe that while fully distributed resource allocation always outperforms resource block division based allocation due to inherently more available frequency diversity, the difference in performance at the nominal HARQ operating point of BLER = 10^-2 is marginal under most circumstances. In addition, resource block division may have some advantages in terms of the required control signalling as pointed out in [3]. In view of the above, we recommend that resource block division based distributed allocation be adopted as a working assumption during the LTE work item.
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