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1 Introduction
At the RAN1 #49 meeting in Kobe, it was decided that a Distributed Virtual Resource Block (DVRB) will be scattered over a maximum of Nd Physical Resource Blocks (PRB) [1].  It was further decided that this maximum will be 2, 3 or all of the PRB assigned to distributed transmission.  
In a previous contribution [2] we showed that 6 fully scattered PRB could capture almost all of the frequency diversity available in a 10 MHz Bandwidth. We also showed that the mapping of RE within these PRB have very little affect on performance (i.e. RE within a PRB can be organized in an FDM, TDM or scrambled manner without significantly affecting performance.)  In this contribution we further evaluate the performance of different values of Nd based on the progress in Kobe meeting. 
We find that there is a significant performance difference for small packet sizes between different values of Nd.  As we see little to no benefit in terms of overhead or complexity for having Nd equals 2 or 3 we believe that the DVRB should be fully distributed amongst the PRB dedicated to distributed transmission.  
2 Simulation Assumptions
We assume that the PRBs assigned to diversity 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.  Note that for Nd equal 2 or 3 the distance between PRB’s used for a single DVRB decreases as the total number of DVRB increases. 
	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/hr

	Channel Estimation
	Real channel estimation based on two 1D Weiner filters with estimated 2nd order statistics

	Number of Transmit Antennas
	2

	Number of Receive Antennas
	2 (MRC)

	Transmit diversity
	SFBC

	Control Channel
	First 2 OFDM symbol

	Nd
	2, 3 or total

	Payload size
	344 bits

	Total Number of PRB assigned to DVRB
	12

	Number of DVRB used 
	1, 2, 4


We consider three different rates with our data packet spread over one, two, or four DVRB.  Thus the MCS is approximately 16 QAM Rate 2/3, QPSK Rate 2/3 and QPSK Rate 1/3.  The RE mappings used in the simulation are shown in Figure 1 below.


[image: image1]
Figure 1: RE mapping for different values of Nd.
3 Simulation Results
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Figure 2: Performance comparison for Nd=2, 3 or all, for a BW of 10 MHz over a TU 3 km/h
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Figure 3: Performance comparison for Nd=2, 3 or all, for a BW of 20 MHz over a TU 3 km/h

We saw in our previous contribution [2] that a data channel spanning 6 PRB or more has similar performance to one which is fully scattered across the entire band.  These findings are upheld in the above simulations.  We see that with the lowest MCS (QPSK Rate 1/3) the diversity transmission of the payload size of 344 bits all the values of Nd perform similarly as actually they span 8, 12 and 12 PRB respectively.
For the second MCS considered (Rate 2/3 QPSK), we see similar performance for Nd equals to 3 or NDVRB as actually each diversity channel spans 6 and 12 PRB respectively. For Nd equals to 2, there is a small performance loss of 0.13 dB at 10% BLER and a 0.5 dB loss at 1% BLER, this is because only 4 PRB are spanned by this channel.  For the highest MCS considered (Rate 2/3, 16 QAM), we see the largest differences between the schemes. In this instance each diversity channel spans 2, 3 and 12 PRB for Nd equals 2, 3 and NDVRB respectively.  We see a gain of 0.6 dB for Nd equals NDVRB, over the best of the other two schemes at a BLER of 0.1, and a gain of 1.1 dB at a BLER of 0.01.  These results are tabulated in Table 1 below.
Table 1: Summary of Results for a BLER of 0.10 with estimated CSI
	
	MCS
	Nd=2
	Nd=3
	Nd=All (12)
	Gain of Nd=all

	10 MHz, TU3
	Rate 1/3 QPSK
4 DVRB
	-1.38
	-1.42
	-1.42
	0.00

	
	Rate 2/3 QPSK
2 DVRB
	3.20
	3.16
	3.08
	0.09

	
	Rate 2/3 16 QAM
1 DVRB
	9.91
	9.80
	9.15
	0.64

	20 MHz, TU3
	Rate 1/3 QPSK
4 DVRB
	-1.26
	-1.32
	-1.32
	0.00

	
	Rate 2/3 QPSK
2 DVRB
	3.43
	3.23
	3.14
	0.09

	
	Rate 2/3 16 QAM
1 DVRB
	9.92
	9.85
	9.30
	0.55


4 Conclusions
In this contribution we saw that the performance of a diversity channel which is fully distributed within the PRB assigned to distributed transmission is clearly better than a VRB which is only partially distributed.  We do not see any additional complexity and signalling overhead from distributing the DVRB across all the PRB.  Therefore we suggest that the DVRB be fully distributed across all PRB assigned to distributed transmission.
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