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1.
Introduction
Distributed allocation is used to improve the performance in high mobility environment. RB-based distributed allocation is achieved by partitioning DVRB (distributed virtual resource block) and mapping each part to corresponding DPRB (distributed physical resource block). Several RB-based mapping rules are discussed and improve the frequency diversity with low complexity. In [1], it proposed a simple partition and mapping rule for DVRB. In [2], it further proved that RB-based distributed allocation obtains well performance and is even comparable to the subcarrier-based distributed allocation when antenna diversity is applied. To gain well frequency diversity, each DVRB shall be divided into partitions of similar sizes. This contribution presents a partition rule to improve the method proposed in [1] without increasing complexity.

2.
DRB Partition Rule
When RB-based allocation is used, a PRB (physical resource block) shall contain the data from either LVRB (localized virtual resource block) or DVRB (distributed virtual resource block) but not both. We denote the total number of VRBs (virtual resource blocks) and PRBs as NVRB and NPRB, and the size of one VRB and one PRB as SVRB and SPRB. For simplicity, NVRB = NPRB, SVRB = SPRB, and LVRB is one-to-one mapped to LPRB (localized physical resource block). After LVRB are mapped, the rest VRBs and PRBs shall be re-indexed contiguously, and all the rest PRBs are used for distributed allocation. Assuming that the number of the rest VRBs and PRBs are NRV and NDPRB, we denote the rest VRBs as Tj, j = 0, 1, …, (NRV-1) and the rest PRBs as Ut, t = 0, 1, …, (NDPRB-1). The total number of VRBs with data allocation and used to be distributed (DVRB) is NDVRB, and they are denoted as Dm, m = 0, 1, …, (NDVRB-1). Each Dm shall be assigned to Tj with equally spacing, i.e.

Tj = Dm, when j = 
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Tj is empty, otherwise

After the assignment, we divide all Tj into NDPRB parts which are dispersed to each Ut. Define Vi,j as the part i of Tj, i = 0, 1, …, (NDPRB-1) for all j. The size of Vi,j is denoted as Si,j and can be calculated by
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i = j, j+1, …, (j+(SVRB mod NDPRB)-1) mod NDPRB
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i = (j+(SVRB mod NDPRB)) mod NDPRB, (j+(SVRB mod NDPRB)+1) mod NDPRB, …, (j+NDPRB-1) mod NDPRB
The partition rule described above operates with simple calculation, and the maximum difference between the maximum and minimum size of the partition within one DVRB is limited to 1. After the partition, each Vi,j is mapped to DPRB t = i according to the rule proposed in [1].

3.
Example
We take an example to show our proposed rule and compare to the partition rule proposed in [1]. Here the size of both VRB and PRB is 25 (i.e. they both span 25 subcarriers in frequency domain). After mapping LVRBs, 13 PRBs remains for distributed allocation (NDPRB = 13), and it is assumed that the number of DVRBs is also 13 (NDVRB = 13). If the partition rule proposed in [1] is applied, there would be 1 partition of size 13 and 12 partitions of size 1. It causes that more than one half of subcarriers within a DVRB gathers in one partition and reduces the benefits of distributed transmission. 
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Figure 1: Comparison of the partition results, (a) using the rule proposed in [1], (b) using the rule proposed here.
Using the partition rule proposed here, we first index both the DVRBs and DPRBs as contiguous numbers starting from 0. Each DVRB can’t be divided into equal parts, and hence the size of each partition indexed as i within the DVRB indexed as 0 is calculated below:
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i = 0, 1, …, (25 mod 13)-1
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i = (25 mod 13) = 12
Within the DVRB of index 0, each of the first 12 partitions spans 2 subcarriers and the last partition spans 1 subcarrier in frequency domain. The partition result compared to the method proposed in [1] is shown in Figure 1. It is clear that subcarriers of the DVRB are almost equally dispersed to each partition and the maximum difference between each partition size is only 1. Similarly, the arrangements of the sizes of the rest DVRBs indexed from 1 to NDPRB-1 are shown in Figure 2 and just a cyclic shift of the size arrangement in the DVRB 0. Then the mapping rule proposed in [1] can be used to disperse those partitions to the DPRBs. If the number of DVRBs are less than the number of DPRBs (i.e. NDVRB < NDPRB), the empty VRBs (VRBs without data allocation) shall be indexed and partitioned together with DVRBs and then also mapped to DPRBs with all the same rules. The case of NDVRB = 7 and NRV = NDPRB =13 are shown in Figure 3.
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Figure 2: Partition for each DVRB.

4.
Conclusion

In the high mobility environment, the performance can benefit from distributed transmission. RB-based distributed allocation makes well performance with simple operation. Partition and mapping rules are both important issues for the RB-based distributed allocation. In this contribution, we propose a partition rule to divide RB into similar sizes with simple operation and low complexity to guarantee good frequency diversity. 
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Figure 3: Partition and mapping example of NDVRB = 7 and NRV = NDPRB =13
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