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1 Introduction
 Many solutions to downlink multiplexing of shared data channel were proposed during the last months [1-8]. In the current TR of 25.814, the time-frequency resource for DL data transmission is organized into a number of physical resource blocks (PRB). Both localized transmission and distributed transmission are to be supported. To describe this, the notion of a virtual resource block (VRB) is introduced. However, the exact rules for mapping VRBs to PRBs are FFS. 
In this document, a mapping scheme is presented and commented. In the following, distributed VRB is abbreviated as D-VRB and localized VRB is abbreviated as L-VRB. 
2 Criteria of Mapping from VRB to PRB
The channel-coded, interleaved, and data-modulated information for a UE is divided according to the size of VRB. Data of a UE is then put into one or several VRBs. There are two kinds of multiplexing between localized and distributed transmissions, TTI-wise TDM and PRB-wise FDM. For the case of PRB-wise FDM, L-VRBs are mapped to a set of PRBs, and D-VRBs are mapped to the other set of PRBs in the given TTI.
The following criteria should be considered while designing the mapping from VRB to PRB.

1、To obtain multi-user diversity gain as much as possible for localized transmission.
2、To obtain frequency diversity gain as much as possible for distributed transmission.

3、Not to increase signaling overhead.

The mapping rule should be known by both NodeB and UE without need of control signaling transmission.

By unifying the size of D-VRB, the size of L-VRB(Localized VRB) and the size of PRB, the signaling bits of TBS (Transport Block Size) can be saved.

4、To randomize inter-cell interference.

Distributed transmission is employed by UEs at cell edge with severe inter-cell interference. Cell-specific mapping helps to randomize the interference.

5、To conveniently cope with the FDMed localized transmission and distributed transmission.

When localized transmission and distributed transmissions are multiplexed by FDM, requirement 1- 4 should be satisfied as well.
3 The Mapping Scheme from VRB to PRB
 In the following sections, detail mapping scheme from VRB to PRB will be introduced. The mapping from L-VRB to PRB and mapping from D-VRB to PRB will be explained separately. After that, how to mapping VRB to PRB in the case of PRB-wise FDM between localized and distributed transmissions will be described.
3.1   Mapping from L-VRB to PRB
It is straightforward to equalize the size of L-VRB and the size of PRB, and to make the mapping from L-VRB to PRB one-to-one. 
3.2   Mapping from D-VRB to PRB

To obtain inter-cell interference randomization, cell-specific mapping from D-VRB to PRB is taken in this proposal. And in [6-7], both link-level and system-level simulations justified the implementation of cell-specific mapping. In this contribution, the cell-specific mapping is achieved by cell-specific TFP (Time-frequency Pattern) design and by mapping D-VRB to PRB according to TFP.
Introduction to TFP design
The notion of Time-Frequency Pattern (TFP) is introduced for the convenience of description. A TFP is defined as a group of Time-Frequency units distributed in a TTI. A set of TFPs orthogonal to each other fill up a TTI. TFP can be divided into a number of Sub-Patterns, with each Sub-Pattern distributed within a single PRB.
TFP is designed to be cell-specific. Any two TFPs from different cells are carefully designed to have few common time-frequency units. Since D-VRB is mapped to PRB according to TFP, any two D-VRBs from different cells will also have few common time-frequency units, thus the interference randomization is achieved.

Two examples of TFP design are shown in Figure 1, TFP with or without intra-TTI frequency hopping. 
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Figure 1. Two Examples of TFP Design. (a) TFP without intra-TTI frequency hopping.   (b)TFP with intra-TTI frequency hopping. 
In the left example, TFP0 is all the time-frequency units in black of the TTI. There are 5 PRBs indicated in the example, and 5 Sub-Patterns of TFP0 are displayed in each of the 5 PRBs separately, i.e., Sub-Pattern0 within PRB0, Sub-Pattern1 within PRB1,……, Sub-Pattern4 within PRB4. TFP0~TFP3 fill up the TTI, and TFP1~TFP3 are generated by cyclically shifting every Sub-Pattern of TFP0 in frequency domain within PRBs. 
 In the right example, an intra-TTI frequency hopping pattern is illustrated. Similarly, TFP0 is all the time-frequency units in black of the TTI. There are 5 PRBs indicated in the example, and 5 Sub-Patterns of TFP0 are displayed in each of the 5 PRBs separately. Cyclically shifting every Sub-Pattern of TFP0 in frequency domain within the PRBs will generate the other four patterns. In the figure, only TFP1 is illustrated.

In the design of TFP, the minimum physical frequency bandwidth that can be used is called Frequency Unit, which can be a sub-carrier or a set of consecutive sub-carriers.
Mapping D-VRB to PRB according to TFP

A D-VRB is mapped to PRB according to TFP. That is, a D-VRB will be assigned to a number of TFPs or a number of TFPs together with Sub-Patterns of TFPs, depending on the sizes of both D-VRB and TFP. As shown in Figure 2, with the same TFP design as in Figure 1(a), TFP0 and TFP1 are assigned to D-VRB0 and D-VRB1 respectively.
 It is easy to generalize to the case of intra-TTI frequency hopping. 
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Figure 2.  Mapping from D-VRB to PRB according to TFP

3.3 Mapping from both L-VRB and D-VRB to PRB
For the case of TTI-wise TDM between localized and distributed transmissions, the mapping from VRB to PRB applies the rules described above directly.
For the case of PRB-wise FDM between localized and distributed transmissions, some PRBs are allocated to localized transmission and the others are allocated to distributed transmission. The mapping from L-VRB to PRB is still set to be one-to-one. In the following, the mapping from D-VRB to PRB is described.
 Keep TFP design the same as the case of TDMed localized and distributed transmission, in other words, both cases apply the same TFP design method. And then assign Sub-Patterns of TFPs to D-VRB. Here, the assigned Sub-Patterns exist only in the PRBs allocated to distributed transmission. 
Any set of Sub-Patterns of a TFP will keep the property of the TFP itself, i.e. any two such sets of Sub-patterns from different cells have few common units. So any two D-VRBs from different cells will also have few common time-frequency units, thus the interference randomization is kept.

Figure 3 provides an example of the mapping scheme from VRB to PRB. In the example, distributed and localized transmissions are multiplexed by FDM. As can be seen from the figure, the TFP design is the same as shown in figure 1(a); PRB3 is allocated to localized transmission, and the other PRBs are allocated to distributed transmission. Sub-Pattern0,1,2,4 of TFP0 and Sub-Pattern0 of TFP1  are assigned to D-VRB0; Sub-Pattern1,2,4 of TFP1 and Sub-Pattern0,1 of TFP2  are assigned to D-VRB1.
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Figure 3 Mapping from VRB to PRB, with FDMed localized and distributed transmissions.
4 Conclusion
In this contribution, a mapping scheme from VRB to PRB is introduced. It is applicable to the multiplexing rules decided in RAN1 meetings. 
Especially, it provides a unified solution to obtain steady inter-cell interference, no matter localized and distributed transmissions are TDM or FDM. i.e. there is no redesign of TFP when FDM case occur. Thus the property of TFP for inter-cell interference randomization is kept well. 
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