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1. Introduction
In RAN1#50bis meeting, OFDM symbol based hopping was agreed for Nd = 3 [1]. And in 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 cell-specific mapping with cell-specific fixed position shift for inter-cell interference randomization.
2. Mapping VRBs to OFDM symbols with DL-RSs and PDCCH
On mapping VRB-pairs to OFDM symbols with DL reference signals (DL-RSs) and PDCCH, two cases are considered below,
· VRB-pairs are mapped to resource elements (REs) so that VRB-pairs may avoid the REs for DL reference signals (DL-RSs) and PDCCH.
· DL-RSs and PDCCH are mapped to REs after VRB-pairs 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 VRB-pairs are mapped to REs so that VRB-pairs may avoid the REs for DL-RSs and PDCCH.
3. Mapping for inter-cell interference randomization
In the case when the same locations of PRB-pairs are used in adjacent cells for DL distributed transmission, cell-specific mapping is useful to randomize inter-cell interference and improve DL performance, especially in the case of partial cell load [4]. Moreover, cell-specific mapping is effective for OFDM symbol based hopping since it is shown that the cell-specific allocation of VRB-pairs can improve DL BLER performance compared with the cell-common allocation of VRB-pairs in the case of symbol based hopping in [5].
In [6], cell-specific fixed position shift with step-size was proposed. The step-size is the coefficient to shift the position of PRB-pair on which data symbols of a DVRB-pair are mapped. Cell-specific fixed position shift with step-size is simple and useful method for inter-cell interference randomization. Then, we propose that cell-specific mapping with using step-size is applied to OFDM symbol based hopping for inter-cell interference randomization.

4. Proposed cell-specific mapping
In this section, we propose the modified OFDM symbol based hopping for cell-specific mapping.
4.1. The consideration of the number of OFDM symbols for data symbols for OFDM symbol based hopping 
In the case when cell-specific mapping is achieved with using step-size, it is best that the value of Ns, Ns is the number of sub-blocks which include each one OFDM symbol for data symbol of each PRB, is a prime to the values of step-sizes. Otherwise, it is better that the value of Ns consists of the larger prime. Then, we evaluate the probability of overlapping mapping patterns in multi-cell environment with each value of Ns. The configuration of sub-blocks is shown in Table 1 and Figure 1. Figure 1 shows the case when Ns = 12 and step-size = 2. Here, the largest prime in the case of Ns = 11, 12 and 13 is 11, 3 and 13, respectively.
We assume that a DVRB-pair is mapped onto 3 PRB-pairs (Nd = 3) and 2 Tx diversity antennas. In each case when Ns = 11, 12 and 13, the different value of step-size is used in each cell. The number of adjacent cells is decided by the number of step-sizes and the number of step-sizes is (Ns – 1).
Table 2 shows the probability of overlapping mapping patterns in multi-cell environment. From the result, the probability of overlapping of Ns = 11 and 13 which consists of the larger prime (11 and 13, respectively) is enough low. However, in the case of Ns = 12, the probability of overlapping is larger than the others since the largest prime of it is 3.

Table 1: The configuration of sub-blocks

	The value of Ns 
	The number of OFDM symbols for data symbol
	The number of OFDM symbols in a sub-block

	11
	11
	1

	12
	12
	1

	13
	13
	1
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Figure 1: Example of mapping in the case of Ns = 12 and step-size = 2
Table 2: Probability of overlapping mapping patterns in multi-cell environment
	The value of Ns
	The number of OFDM symbols for data symbol
	Average of overlapping [%]

	11
	11
	33.3

	12
	12
	42.1

	13
	13
	34.6


Then, we propose that 12 OFDM symbols for data symbol are divided to 11 sub-blocks in the case when the number of OFDM symbols for PDCCH is 2 as shown in Figure 2. The last sub-block (sub-block#10) contains 2 OFDM symbols and the others contain 1 OFDM symbol. The reason why the last sub-block contains 2 OFDM symbols is that in the case when the first sub-block (sub-block#0) contains 2 OFDM symbols, the probability of overlapping is larger since the starting sub-blocks of mapping in all cells are sub-block#0 and the same DVRB-pairs between adjacent cells always overlap.
We also show the probability of overlapping in this case in Table 3. From this, we can achieve that the probability of overlapping in the case when the number of OFDM symbols for PDCCH is 2 becomes lower.
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Figure 2: Example of dividing 12 OFDM symbols to 11 sub-blocks and mapping (step-size = 2)
Table 3: Probability of overlapping in the case of proposed modification
	The value of Ns
	The number of OFDM symbols for data symbol
	Average of overlapping [%]

	11
	12
	32.8


Moreover, in the case when the number of OFDM symbols for data symbol is 13, two cases are considered as followings,

(I) The same number of Ns (=11) is used as in the case when the number of OFDM symbols for data symbol is 12.

(II) The different number of Ns (=13) is used without dividing to 11 sub-blocks. In this case, the number of step-sizes to be used is 10.
In the case (I), the configuration of sub-blocks is shown as Figure 3. The last two sub-blocks (sub-block#9 and sub-block#10) contain 2 OFDM symbols to decrease the probability of overlapping mapping patterns since the starting sub-block of mapping is sub-block#0 and the effect of overlapping mapping pattern of a sub-block should be lower.
Then, the averaged probabilities of overlapping mapping patterns in multi-cell environment of both (I) and (II) are 32.3% and 35.2%, respectively. 
Therefore, we prefer (I) since increase of complexity of mapping is small.
4.2. Decision of cell-specific step-size

The simple method to decide cell-specific step-size Si without increasing signaling overhead is to calculate with using Cell-ID i as following,

Si = (i mod 10) + 1

The number of step-sizes to be prepared is 10 since Ns in each case when the number of OFDM symbols for data symbol is 11, 12 and 13 is 11 and the minimum and maximum number of step-size is 1 and 10, respectively.
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Figure 3: Example of dividing 13 OFDM symbols to 11 sub-blocks and mapping (step-size = 2)
5. Conclusions
In this contribution, we proposed cell-specific mapping for inter-cell interference randomization.
We modified OFDM symbol based hopping in the cases when the number of OFDM symbols for PDCCH is 1 and 2. In our proposal, the last two sub-blocks should contain 2 OFDM symbols and the other sub-blocks should contain 1 OFDM symbol in the case when the number of OFDM symbols for PDCCH is 1, and the last sub-block should contain 2 OFDM symbols and the other sub-blocks should contain 1 OFDM symbol in the case when the number of OFDM symbols for PDCCH is 2. Then, sub-block based cell-specific fixed position shift can reduce the probability of overlapping mapping patterns in multi-cell environment. Here, sub-block based cell-specific fixed position shift is achieved with using cell-specific step-size which is calculated with Cell-ID. And we showed some examples of mapping with our proposal.
Our proposal can expect the effect of the inter-cell interference reduction.
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