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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.  At RAN#50bis in Shanghai the structure of the Nd=3 DVRB was decided upon in [2].
There are still several remaining issues concerning distributed transmission. In this contribution we discuss the indication of D-VRB location, the gain of Nd=3 and we also propose a cell specific scrambling method for the Nd=3 

2 Indication of D-VRB location

The physical resource for data transmission in each slot is organized into a number of resource blocks (RB).  It has been agreed that the distributed VRB and the localized VRB are transmitted in different PRBs (Figure 1). The PRB partition between diversity transmission and localized transmission could be configured semi-statically or dynamically. For the semi-static scheme the location of the diversity PRBs can be signalled trough broadcast channel.  This would allow for an effective lowering of the number RB’s which could be assigned for both localized and distributed transmission, which would then significantly lower the signalling bits required for VRB allocation.  


[image: image1]
Figure 1 The partition of localized RB and distributed RB
For the dynamic scheme 1 bit is used in the DL control channel to indicate the VRB types together with the sub-channel index indication.  
Which scheme is more efficient depends on how fast we need to update this segmentation. If we can assume that the segmentation between D-VRB and L-VRB changes slowly we prefer the semi-statically configuration, since the signalling overhead can be saved.  
3 Cell Specific Mapping of D-VRB 

It is important to randomize intercell interference, especially over distributed transmissions which will often be assigned to persistent/VOIP UE where some type of Power Control may be applied.  

However it is more important to maximize frequency diversity, which will affect all UE using distributed transmission.  a simple pseudo random permutation can be applied to realize sufficient inter-cell interference randomization while keeping the frequency diversity.  

The ‘base’ assignment assigns D-VRB 1 to OFDM symbols 1, 4, 7, etc in the first PRB, OFDM symbols 2, 5, 8 etc in the second partition and OFDM symbols 3, 6,9 etc in the third partition.  This is shown in figure 2 below.  
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Figure 2: Base D-VRB mapping
This assignment is permuted along the OFDM symbols by a cell specific permutation P.  Thus D-VRB 1 is assigned to OFDM symbols P(1), P(4), P(7), etc in the first PRB, OFDM symbols P(2), P(5), P(8) etc in the second partition and OFDM symbols P(3), P(6), P(9) etc in the third partition.  

This permutation can be derived from the cell ID using the following formula (written in MATLAB code) based on the knuth shuffle.  Given two variables N the number of OFDM symbols not used for Control, and C​id the cell ID, the elements are chosen as follows. 

P=1:N;

for j=1:N

    k=mod(Cid,N+1-j)+1;

    tmp=P( j );

    P( j )=P(k+j-1);

    P( k +j-1)=tmp;

end

Note that if it is deemed important to separate the mapping assignment from the size of the control channel.  The value of N may be predefined to the maximum value.
4 Inclusion of Nd=3
We found that Nd=3 has performance gains over Nd=2 in the order of 0.3-0.9 dB. These gains are significant in the all VOIP scenario in which all traffic is transmitted over these diversity channels.  System level simulations have shown that the inclusion of the Nd=3 DVRB can increase the number of VOIP users by as much as 9% [4].  We therefore believe that the larger Nd=3 DVRB size be adopted into the standard.
Table 1: Summary of Results for a BLER of 0.10 with Estimated CSI

	
	MCS
	Gain of Nd=3 over Nd=2 
No HARQ
	Gain of Nd=3 over Nd=2
 1 HARQ

	10 MHz,
 TU3
	Rate 1/3 QPSK
	0.34
	0.33

	
	Rate 2/3 QPSK 
	0.7
	0.44

	
	Rate 2/3 16 QAM
	0.46
	0.61

	20 MHz,
TU3
	Rate 1/3 QPSK
	0.47
	0.44

	
	Rate 2/3 16 QAM
	0.57
	0.64

	
	Rate 2/3 16 QAM
	0.65
	0.58

	10 MHz,
 TU120
	Rate 1/3 QPSK
	0.45
	0.41

	
	Rate 2/3 QPSK 
	0.59
	0.45

	
	Rate 2/3 16 QAM
	0.56
	0.26

	20 MHz,
TU120
	Rate 1/3 QPSK
	0.91
	0.57

	
	Rate 2/3 16 QAM
	0.6
	0.61

	
	Rate 2/3 16 QAM
	0.92
	0.55


5 Conclusions
DVRB transmission is required in the cases where the channel dependent scheduling can not be applied due to the high mobility and where the VoIP is transmitted.  Therefore it is very important that this transmission mode is optimized within the LTE spec.  We therefore believe that Nd=3 as well as a cell specific mapping should be included.  Furthermore the control signalling for DVRB assignment should be optimized for that form of transmission. 
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Broadcast separation of localized and Distributed transmission





6





6





5





4





3





2





1





5





4





3





2





1





12





11





10





9





8





7





6





5





16





15





14





13





10





9





8





7





Renumbered distributed �transmission





Renumbered localized transmission








� This table summarizes simulation results submitted to RAN1#50bis in � REF _Ref180992912 \r \h ��[3]�





