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1 Introduction
The current status of Mapping of Virtual Resource Blocks to Physical Resource Blocks 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 [2], it is shown that one, fixed mapping is supported and future discussion on cell-specific mapping isn’t precluded. Then, in this contribution we propose the detail of VRBs to PRBs 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 VRBs to OFDM symbols with DL-RSs and PDCCH
On mapping VRBs to OFDM symbols with DL reference signals (DL-RSs) and PDCCH, two cases are considered below,
· VRBs are mapped to resource elements (REs) so that VRBs may avoid the REs for DL reference signals (DL-RSs) and PDCCH.
· DL-RSs and PDCCH are mapped to REs after VRBs are mapped to all REs including the REs for DL-RSs and PDCCH.

In this case, data symbols mapped onto the REs for DL-RSs and PDCCH are punctured.
The second case can’t apply SFBC since one RE of a pair of REs for SFBC is punctured as described in [3]. Therefore, we prefer that VRBs are mapped to REs so that VRBs may avoid the REs for DL-RSs and PDCCH.
3 Mapping for inter-cell interference randomization
In the case when the same locations of PRBs are used in adjacent cells for distributed transmission, cell-specific mapping is useful to randomize inter-cell interference and improve DL performance. 
So far, some proposals regarding mapping methods for inter-cell interference randomization have been submitted to RAN1 [4] [5] [6]. In [6], OFDM symbol-specific cyclic shift was proposed as a simple method of achieving inter-cell interference randomization. And in [5], 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.
4 Proposed mapping method
4.1 Basic principle of the proposed method
In our proposed method, DPRBs are divided into multiple sub-blocks and sub-block based position shift is applied to increase the variety of step-size. The principles of the proposed method are as followings,

· Dividing all resources of Nd in DPRBs to Ns of sub-blocks more than or equal to (cell reuse factor + 1),

here, 
[image: image1.wmf]Nt.

Nf

Ns

´

=


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

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

and, 
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Ns = 8 and especially (Nf = 2 and Nt = 4) is considered as the best choice as shown in the section 4.2.
· 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.

4.2 Detail of the proposed method
We input to RAN1#49bis the tdoc on the proposal of the mapping method for inter-cell interference randomization [7]. 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 example of dividing DPRBs to sub-blocks and mapping with the proposed method is shown in Figure 1. Here, we assume that a DVRB is mapped onto 3 DPRBs (Nd = 3) and 2 Tx diversity antennas. Then, DPRBs are divided to 12 sub-blocks and eleven kinds of step-size can be prepared. In this case, the number of OFDM symbols for data symbols among all sub-blocks is same. However, as shown in Figure 1, in the case of using SFBC some resources are wasted since REs in OFDM symbols with DL-RS aren’t used for transmitting DL data.
Therefore, we propose the modified mapping method. In addition to the first bullet of the descriptions in the section 4.1, fixed value of Ns for any value of Nd should be used to reduce mapping complexity and the following conditions are desirable for this.
(a) The size in frequency domain is same among all sub-blocks 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 decided in order to correspond to the change of the number of OFDM symbols for PDCCH. The maximum value of Nt is 11 since the maximum number of OFDM symbols for PDCCH is 3.
The rational for (a) is clear. The rational for (b) is as following,

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

· The number of data symbols from a DVRB in frequency domain of a sub-block is multiple of 3 since DL-RSs are inserted every 3 RE.

Therefore, possible Nf values for NTX = 1 and NTX = 2 are obtained as, 

1, 2 or 4 for NTX = 1

1 or 2 for NTX = 2
Moreover, we consider that there are desirable conditions regarding Nt as followings,
· The earliest sub-blocks in all DPRBs include PDCCH to suppress the influence of the change of the number of OFDM symbols for PDCCH.
· The difference of the number of OFDM symbols for data symbols among all sub-blocks should be small as possible to avoid the degradation of the effect of inter-cell interference randomization.
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 followings.
1x8, 1x9, 1x10, 1x11, 2x4, 2x5, …, 2x11, 4x2, 4x3, … and 4x11 for NTX = 1
1x8, 1x9, 1x10, 1x11, 2x4, 2x5, … and 2x11 for NTX = 2

Here, the desirable value of Nt is 4 or 6 since the difference of the number of OFDM symbols for data symbols among all sub-blocks is smaller than the other values of Nt from Figure 2. Therefore, Ns = 8 and especially (Nf = 2 and Nt = 4) is considered as the best choice since common principle of mapping can be applied for NTX = 1 and NTX = 2 and it is the minimum number of sub-blocks. 
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Figure 1: Example of dividing DPRBs to 12 sub-blocks and mapping with step-size = 1
[image: image6.emf]control channel

reference signal

・・・ ・・・ ・・・

・・・ ・・・ ・・・

・・・ ・・・

・・・

・・・ ・・・

・・・ ・・・ ・・・

・・・ ・・・

・ ・・・

・ ・ ・・・ ・・・

・ ・ ・

・ ・

・ ・ ・

・・・ ・ ・

・・・ ・ ・

・・・ ・・・

・・・ ・・・

・・・ ・・・ ・・・

・・・ ・・・ ・・・

・・・ ・・・

・・・

・・・ ・・・

・・・ ・・・ ・・・

・・・ ・・・

・ ・・・

・ ・ ・・・ ・・・

・ ・ ・

・ ・

・ ・ ・

・・・ ・ ・

・・・ ・ ・

・・・ ・・・

・・・ ・・・

# 0

# 1

# 2

# 3

# 0

# 1

# 2

# 3

# 0

# 1

# 2

# 4

# 2

# 2

# 5

# 6

# 0 # 0

# 1

# 1

# 1

# 10

# 0

# 1

# 2

# 9

# 0

# 1

# 2

# 6

# 0

# 2

# 0

# 1

# 2

# 5

# 0

# 1

# 0

# 2

# 10

# 1

# 2

# 9

# 0

# 1

# 2

# 4

~ in case of PDCCH = 3 ~

~ in case of PDCCH = 1 ~

Nt = 11 Nt = 10 Nt = 7 Nt = 6

Nt = 11 Nt = 10 Nt = 7 Nt = 6

Nt = 5 Nt = 4

Nt = 5 Nt = 4


Figure 2: Example of dividing DPRBs to sub-blocks in each case of Nt
We show examples of mapping with our proposal in Figure 3 and Figure 4. 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 8 sub-blocks (Nf = 2, Nt = 4) and seven kinds of step-size can be prepared. Figure 3 shows an example of dividing DPRBs to 8 sub-blocks and mapping with step-size=1. And Figure 4 shows an example mapping with step-size=3. 

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 5 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 (6x15 subcarriers) x 3 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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Figure 3: Example of dividing DPRBs to 8 sub-blocks and mapping with step-size = 1
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Figure 4: Example of mapping with step-size = 3
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Figure 5: Example of mapping with step-size = 1 in the case when Nd = 15
5 Conclusions
In this contribution, we propose the detail of VRBs (Virtual Resource Blocks) to PRBs (Physical Resource Blocks) 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, DPRBs 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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· 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, fixed value of Ns for any value of Nd should be used to reduce mapping complexity and the following conditions are desirable for this.
(a) The size in frequency domain is same among all sub-blocks for any value of Nd.
(b) 
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*Here, NTX is the number of Tx diversity antennas.
(c) Nt is decided in order to correspond to the change of the number of control channel symbols. The maximum value of Nt is 11 since the maximum number of OFDM symbols for PDCCH is 3.
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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