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1 Introduction
The current status of Mapping of Virtual Resource Block to Physical Resource Block discussion in RAN1 meeting is following [1]:
· A PRB only contains data for either localised or distributed transmission.
· The size of a distributed virtual resource block (DVRB) equals a physical resource block (PRB).
· DVRBs for a user are distributed over 2 or more PRBs.
And in the RAN1#49 meeting, the way forward of Distributed DL Transmission was agreed [2]. In this contribution we propose the detail of VRB (Virtual Resource Block) to PRB (Physical Resource Block) mapping of the Distributed DL Transmission with considering inter-cell interference randomization. In particular, we focus the case that there are a small number of the distributed PRBs (DPRBs) a DVRB is mapped onto.
2 Mapping for inter-cell interference randomization
Some proposals regarding mapping methods for inter-cell interference randomization have been submitted to RAN1 [3] [4].  In [4], cell specific fixed position shift with step-size was proposed. The step-size is the coefficient to shift the position of  DPRB on which data symbols of a DVRB are mapped. Cell specific fixed position shift with step-size is simple and useful method for inter-cell interference randomization.
For inter-cell interference randomization, variety of step-size should be more than or equal to cell reuse factor K. If Nd, the number of DPRBs on which a DVRB is mapped, is less than (K + 1), enough variety of step-size can’t be prepared as the number of available step-size equals to (Nd-1).  Therefore, we propose sub-block based cell specific fixed position shift to prepare the enough variety of step-size regardless of the value of Nd.
3 Proposed mapping method
In the proposed method, DPRB are divided into multiple sub-blocks and sub-block based position shift is applied to increase the variety of step-size. The details of the proposed method are as followings,
· Dividing all resources of Nd in DPRBs to Ns of sub-blocks more than or equal to (K + 1) (K: cell reuse factor),
here, 
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Nf: the number of sub-blocks in frequency domain,
Nt: the number of sub-blocks in time domain.

and, 
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· Mapping of Nd DVRB onto Nd DPRBs in each cell using different step-size Si (Si = (i mod cell reuse factor) + 1).

· The starting sub-block of mapping is sub-block#0.
· Data symbols from each DVRB are mapped together onto the sub-block to simplify mapping at eNodeB.
In addition to the first bullet of the descriptions above, the following conditions should be met to reduce mapping complexity.

(a) Fixed value of Ns for any value of Nd

(b) 
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 is a divisor of 12 (the number of subcarriers in a DPRB).

*Here, NTX is the number of Tx diversity antennas

(c) Nt is a divisor of 14 (the number of symbols of a DPRB in time domain) and preferably a smaller value, which is 2

The rational for (a) and (c) is clear. The rational for (b) is as following,

· The size in frequency domain is same among all sub-blocks for any value of Nd.

· NTX of adjacent subcarriers for SFBC for Nd users can be mapped onto one sub-block

With considering condition (a), possible Nf values for NTX = 1 and NTX = 2 are obtained as,, 

1, 2, 3, 4, 6 or 12 for NTX = 1

1, 2, 3 or 6 for NTX = 2

Moreover, we consider that there is a desirable condition regarding Nt as following,

Nt should be a divisor of the number of symbols in time domain of a DPRB and a small value

As an example of Ns value decision, we assume the case of K = 7 (7-cell reuse), here.
Since Ns should be larger than K, the minimum value of Ns is 8. With considering condition (b) and (c), possible 
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 values for NTX = 1 and NTX = 2 are as following.

4x2, 6x2 or 12x1 for NTX = 1

6x2 for NTX = 2

Therefore, Ns = 12 and especially (Nf = 6 and Nt = 2) is considered as the best choice since common principle of mapping can be applied for NTX = 1 and NTX = 2.
We show some examples of mapping with our proposal in from Figure 1 to Figure 3.  We assume that cell reuse factor is 7 (a 7-cell environment), a DVRB is mapped onto 3 DPRBs (Nd = 3) and 2 Tx diversity antennas (NTX = 2). Then, DPRBs are divided to 12 sub-blocks (Nf = 6, Nt = 2) and eleven kinds of step-size can be prepared. Figure 1 shows an example of dividing DPRBs to 12 sub-blocks. And Figure 2 and Figure 3 show example mappings with step-size = 1 and 5, respectively. 
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Figure1: Example of dividing DPRBs to 12 sub-blocks
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Figure2: Example of mapping with step-size = 1
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Figure3: Example of mapping with step-size = 5
Even in the case when the value of Nd is larger than (required variety of step-size + 1), this method can be applied with larger size of sub-blocks than DPRB. Figure 4 shows an example of mapping pattern in this case. We assume that the value of Nd is 15, here. In this case, the size of a sub-block is (15x2 subcarriers) x 7 OFDM symbols.
Thus, the proposed mapping method can prepare the eleven kinds of step-size regardless of the value of Nd by sub-block division based on the same principle.
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Figure4: Example of mapping with step-size = 1 in the case when Nd = 15
4 Conclusions
In this contribution, we propose the detail of VRB (Virtual Resource Block) to PRB (Physical Resource Block) mapping of the Distributed DL Transmission with considering inter-cell interference randomization. In particular, we focused the case that there are a small number of the DPRBs a DVRB is mapped onto.
In the proposed method, DPRB are divided into multiple sub-blocks and sub-block based position shift is applied to increase the variety of step-size. The details of the proposed method are as followings,
· Dividing all resources of Nd of DPRBs to Ns of sub-blocks more than or equal to (cell reuse factor + 1).

here, 
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Nf: the number of sub-blocks in frequency domain, 

Nt: the number of sub-blocks in time domain.

and, 
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· Here, there are two cases of both dividing to sub-blocks with taking L1/L2 control channel into consideration and dividing to sub-blocks without taking L1/L2 control channel into consideration.

· Mapping of Nd DVRB onto Nd DPRBs in each cell using different step-size Si (Si = (i mod cell reuse factor) + 1).

· The starting sub-block of mapping is sub-block#0.

· Data symbols from each DVRB are mapped together onto the sub-block to simplify mapping at eNodeB.
In addition, the following conditions should be met to reduce mapping complexity.

(a) Fixed value of Ns for any value of Nd

(b) 
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 is a divisor of 12 (the number of subcarriers in a DPRB).

*Here, NTX is the number of Tx diversity antennas

(c) Nt is a divisor of 14 (the number of symbols of a DPRB in time domain) and preferably a smaller value, which is 2

Our proposed method can prepare the enough variety of step-size regardless of the value of Nd and we showed some examples of mapping with this method.
Our proposal can expect the effect of the inter-cell interference reduction.
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