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1 Introduction
At the RAN1 #50 meeting in Athens, it was decided that a Distributed Virtual Resource Block (DVRB) will be scattered over a maximum of Nd =2 or 3 Physical Resource Blocks (PRB) [1].  With the need for Nd=3 FFS.  In this contribution we demonstrate the benefit of Nd=3. We also evaluate the specific DVRB mapping schemes for Nd=3.  
We found that Nd=3 has performance gains over Nd=2 in the order of 0.3-0.7 dB. We also found that the different DVRB mapping schemes have similar performance, with a small performance benefit for Alternatives 2 and 3 which have greater temporal diversity. Considering the trade-off of interference randomization and interference estimation, we prefer OFDM symbol based mapping scheme.
2 Simulation Assumptions
We assume that the PRBs assigned to diversity transmission are fully scattered throughout the transmission bandwidth.  For Nd equal 2 the PRB used for a single DVRB are located at the opposite ends of the spectrum.  For Nd equals 3 the PRB used for a single DVRB are located at the outside ends and at centre of the band.  
	Bandwidth
	10 MHz

	Carrier Frequency
	2 GHz

	Pilot / Data power
	0 dB

	FEC
	Release 6 Turbo Encoder

	MCS
	QPSK 1/3, QPSK 2/3, 16 QAM 1/3

	Channel
	TU with 6 paths

	Mobile Speeds
	3 km/h

	Channel Estimation
	Perfect and estiamtied

	Number of Transmit Antennas
	1

	Number of Receive Antennas
	2 (MRC)

	Transmit diversity
	None

	Control Channel
	First 2 OFDM symbol

	Nd
	2, 3

	Payload size
	1 DVRB worth (86, 172 and 344 bits) 

	Number of DVRB used 
	1


We consider three different resource mapping schemes for DVRB:

1.  OFDM symbol group based hopping.  
2. OFDM symbol based hoping.
3. RE pair based hopping.  
Examples of these three patterns are given in Figure 1.
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Alternative 1: OFDM symbol group based hopping
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Alternative 2: OFDM symbol based hopping
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Alternative 3: RE pair based hopping
Figure 1: RE mapping for Nd=3.

3 Simulation Results
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Figure 2: Performance comparison for Nd=2, 3 for a BW of 10 MHz over a TU 3 km/h, with Perfect CSI
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Figure 3: Performance comparison for Nd=2, 3 for a BW of 10 MHz over a TU 3 km/h, with Estimated CSI
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Figure 4: Performance comparison for Nd=2, 3 for a BW of 20 MHz over a TU 3 km/h, with Perfect CSI
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 Figure 5: Performance comparison for Nd=2, 3 for a BW of 20 MHz over a TU 3 km/h, with Estimated CSI
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Figure 6: Performance comparison for Nd=2, 3 for a BW of 10 MHz over a TU 120 km/h, with Perfect CSI
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Figure 7: Performance comparison for Nd=2, 3 for a BW of 10 MHz over a TU 120 km/h, with Estimated CSI
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Figure 8: Performance comparison for Nd=2, 3 for a BW of 20 MHz over a TU 120 km/h, with Perfect CSI
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Figure 9: Performance comparison for Nd=2, 3 for a BW of 20 MHz over a TU 120 km/h, with Estimatedt CSI

The simulation results with the perfect CSI and the estimated CSI are given in figure 2 to figure  9. For the low speed user we can see that the three alternatives for Nd=3 have virtually the same performance; However when a mobile speed of 120 km/h is considered Alternatives 2 and 3 perform slightly better than Alternative 1 due to the increased temporal diversity. 

In all environments Nd=2, performs 0.3 to 0.4 dB worse than the Nd=3 alternatives in the 10 MHz environment and 0.5 to 0.7 worse in the 20 MHz environment.
Table 1: Summary of Results for a BLER of 0.10 with Perfect CSI
	
	MCS
	Nd=2
	Nd=3, 
Alt 1
	Nd=3 
Alt 2
	Nd=3, 
Alt 3
	Gain of Nd=2 over Nd=3

	10 MHz,
 TU3
	Rate 1/3 QPSK
	-1.01
	-1.30
	-1.34
	-1.32
	0.32

	
	Rate 2/3 QPSK 
	4.39
	3.91
	3.78
	3.84
	0.62

	
	Rate 2/3 16 QAM
	10.24
	9.88
	9.85
	9.88
	0.39

	20 MHz,
TU3
	Rate 1/3 QPSK
	-0.57
	-1.02
	-1.05
	-0.86
	0.48

	
	Rate 2/3 16 QAM
	4.48
	4.13
	3.96
	4.09
	0.52

	
	Rate 2/3 16 QAM
	10.45
	10.00
	9.88
	9.98
	0.57

	10 MHz,
 TU120
	Rate 1/3 QPSK
	-1.03
	-1.27
	-1.52
	-1.56
	0.54

	
	Rate 2/3 QPSK 
	4.27
	4.00
	3.80
	3.79
	0.48

	
	Rate 2/3 16 QAM
	10.13
	9.93
	9.71
	9.70
	0.44

	20 MHz,
TU120
	Rate 1/3 QPSK
	-0.63
	-1.11
	-1.25
	-1.24
	0.62

	
	Rate 2/3 16 QAM
	4.25
	3.95
	3.82
	3.87
	0.43

	
	Rate 2/3 16 QAM
	10.51
	9.87
	9.80
	9.88
	0.71

	10 MHz, 
TU3 km/h, 1 HARQ
	Rate 1/3 QPSK
	-4.05
	-4.37
	-4.32
	-4.32
	0.33

	
	Rate 2/3 QPSK
	1.32
	0.86
	0.81
	0.84
	0.50

	
	Rate 2/3 16 QAM
	7.41
	7.06
	7.05
	7.01
	0.40

	20 MHz,
TU 3 km/h, 1 HARQ
	Rate 1/3 QPSK
	-3.51
	-3.96
	-3.98
	-3.79
	0.47

	
	Rate 2/3 16 QAM
	1.52
	1.10
	1.07
	1.08
	0.45

	
	Rate 2/3 16 QAM
	7.67
	7.23
	7.16
	7.25
	0.51

	10 MHz, 
TU120 km/h, 1 HARQ
	Rate 1/3 QPSK
	-4.71
	-4.91
	-4.92
	-4.93
	0.22

	
	Rate 2/3 QPSK
	0.17
	-0.02
	-0.29
	-0.27
	0.46

	
	Rate 2/3 16 QAM
	6.19
	6.12
	5.94
	5.96
	0.25

	20 MHz,
TU 120 km/h, 1 HARQ
	Rate 1/3 QPSK
	-4.52
	-4.91
	-4.98
	-4.96
	0.46

	
	Rate 2/3 16 QAM
	0.31
	-0.10
	-0.15
	-0.23
	0.53

	
	Rate 2/3 16 QAM
	6.48
	6.18
	6.10
	6.14
	0.38


Table 2: Summary of Results for a BLER of 0.10 with Estimated CSI

	
	MCS
	Nd=2
	Nd=3, 
Alt 1
	Nd=3 
Alt 2
	Nd=3, 
Alt 3
	Gain of Nd=2 over Nd=3

	10 MHz,
 TU3
	Rate 1/3 QPSK
	0.13
	-0.12
	-0.21
	-0.14
	0.34

	
	Rate 2/3 QPSK 
	5.67
	5.12
	4.97
	5.01
	0.70

	
	Rate 2/3 16 QAM
	12.30
	11.88
	11.84
	11.94
	0.46

	20 MHz,
TU3
	Rate 1/3 QPSK
	0.60
	0.18
	0.13
	0.30
	0.47

	
	Rate 2/3 16 QAM
	5.80
	5.34
	5.23
	5.27
	0.57

	
	Rate 2/3 16 QAM
	12.51
	11.97
	11.86
	11.99
	0.65

	10 MHz,
 TU120
	Rate 1/3 QPSK
	0.83
	0.69
	0.38
	0.44
	0.45

	
	Rate 2/3 QPSK 
	6.16
	5.86
	5.57
	5.52
	0.64

	
	Rate 2/3 16 QAM
	12.75
	12.50
	12.19
	12.03
	0.72

	20 MHz,
TU120
	Rate 1/3 QPSK
	1.47
	0.70
	0.56
	0.59
	0.91

	
	Rate 2/3 16 QAM
	6.41
	6.02
	5.81
	5.67
	0.74

	
	Rate 2/3 16 QAM
	13.19
	12.46
	12.27
	12.11
	1.08

	10 MHz, 
TU3 km/h, 1 HARQ
	Rate 1/3 QPSK
	-2.25
	-2.49
	-2.58
	-2.47
	0.33

	
	Rate 2/3 QPSK
	2.82
	2.36
	2.38
	2.31
	0.52

	
	Rate 2/3 16 QAM
	9.10
	8.45
	8.49
	8.53
	0.64

	20 MHz,
TU 3 km/h, 1 HARQ
	Rate 1/3 QPSK
	-1.75
	-2.16
	-2.19
	-2.04
	0.44

	
	Rate 2/3 16 QAM
	3.20
	2.68
	2.56
	2.63
	0.65

	
	Rate 2/3 16 QAM
	9.16
	8.56
	8.58
	8.64
	0.60

	10 MHz, 
TU120 km/h, 1 HARQ
	Rate 1/3 QPSK
	-2.45
	-2.66
	-2.86
	-2.79
	0.40

	
	Rate 2/3 QPSK
	2.03
	1.75
	1.58
	1.58
	0.45

	
	Rate 2/3 16 QAM
	7.93
	7.92
	7.67
	7.57
	0.35

	20 MHz,
TU 120 km/h, 1 HARQ
	Rate 1/3 QPSK
	-2.15
	-2.67
	-2.72
	-2.68
	0.56

	
	Rate 2/3 16 QAM
	2.23
	1.74
	1.62
	1.64
	0.62

	
	Rate 2/3 16 QAM
	8.35
	7.96
	7.80
	7.66
	0.69


4 Conclusions
More diversity gain can be obtained by distributing the DVRB over 3 PRBs compared to over 2 PRBs. For Nd=3 case all the DVRB mapping schemes we considered have similar performance with Alternative 1 suffers some performance loss at high speed.. Considering interference randomization and interference estimation (for IR receivers), we believe that Alternative 2 strikes a good compromise.  In which some randomization is achieved, while there is significant grouping of RE to allow for some estimation of interference.
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