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1. Introduction
In RAN1#50, the way forward for the DL distributed transmission is listed as follows [1]:
· Two values of Nd
· Nd = 2 and Nd = 3 (FFS if Nd = 3 is needed)
· No specified rule when to use what e.g. depending on system BW and #antennas (eNB configure (broadcast) cell-specific Nd)
· Detailed mapping
· Nd = 2: TDM mapping (slot-based hopping)

· Nd = 3: FFS
A simple and fixed mapping rule for accessing the DPRB-pairs in different bandwidths independent with the total number of DPRB-pairs needs to be built in order to support semi-persistent UEs and reduce the related resource allocation signaling overhead. In this contribution, a cell-specific mapping rule between the indexes of DVRB-pairs and DPRB-pairs is proposed in order to randomize inter-cell interference. 
2. Proposal
The following aspects concerning VRB-to-PRB mapping design criterion have to be considered：
1. Nd =2 or 3
Simulation results show that additional frequency diversity gain of 0.2 to 0.5 dB may be achieved when Nd equals to 3 instead of 2 [2]. Additional diversity gain seems trivial when Nd is configured beyond 3. However, each DVRB is distributed over 3 PRB can lead to worse resource allocation efficiency. Therefore, in order to achieve the trade-off between frequency diversity and packing efficiency, Nd =2 or 3 is preferable. 

2. A simple and fixed mapping rule independent with N_DPRB is required.

In order to support semi-persistent UEs, the positions of the DPRB-pairs have to be independent with the total number of the DPRB-pairs, so that all the UEs of “distributed” type may access them without any knowledge of N_DPRB. Fixed positions of all the DPRB-pairs according to BWs are also not preferred since the flexibility of the resource allocation may not be guarantied. Instead, a fixed mapping rule between DVRB-pairs and DPRB-pairs can be set up to support both operation simplicity and resource allocation flexibility. Moreover, the cell-specific feature needs to be added and inter-cell interference can be expected. 
3. low overhead of the resultant control signalling

The potential control signalling results from the mapping pattern may have the similar format with that of localized type, leading to the reasonable signalling overhead.

Based on the preference on the detailed aspects about the DVRB-DPRB mapping rule for the DL distributed transmission, a mapping relationship between indexes of DVRB-pairs and DPRB-pairs is proposed in this contribution, leading to a similar control signalling format with localized transmission and reasonable signalling overhead.
The mapping procedure proposed in this contribution is depicted in the following:

1. Nd =2 or 3. 
2. Divide all the concatenated VRB-pairs into Nd segments. Each segment consists of n=
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 VRB-pairs, where N is the total number of PRB-pairs. 
3. Build a mapping relationship between indexes of DVRB-pairs and DPRB-pairs, so that Nd DVRB-pairs are respectively mapped to Nd DPRB-pairs. the mapping rules are described as follows:
· for Nd =3

DVRB-pairs with indexes j, j+ n, j+2n are mapped to DPRB-pairs with indexes p, p+ n, p+2n;
· for Nd =2

DVRB-pairs with indexes j, j+ n are mapped to DPRB-pair s with indexes p, p+ n;
4. cell-specific configuration 
Assume a sequence K=
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whose elements and n are prime to each other. The cell-specific parameter p can be calculated by the expressions in the following:
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Take cell_ID=25#, BW=10MHz (N=50) for example, assume Nd=2, the sequence K is expressed by:

K＝
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1,2,3,4,6,7,8,9,11,12,13,14,16,17,18,19,

21,22,23,24


All the cell-specific parameters are listed as below:
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The corresponding mapping relationship between DVRB-pairs and DPRB-pairs is shown in the table-1, and in the same way, the mapping rule for cell #26 is obtained in table-2 for comparison. 
[image: image14.png]VRB index PRB index
0 25 7 32
1 26 14 39
2 21 21 6
3 28 3 28
4 29 10 35
5 30 i 42
6 31 24 49
7 32 6 31
8 33 13 38
9 34 20 45
10 35 2 21
11 36 9 34
12 37 16 a1
13 38 23 a8
14 39 5 30
15 40 12 37
16 a1 19 44
i 42 1 26
18 43 8 33
19 44 15 40
20 45 22 ar
21 6 4 29
22 ar 11 36
23 48 18 43
24 49 0 25





Table- 1  an example for the mapping rule between the indexes of DVRB-pairs and DPRB-pairs: Nd=2, BW=10MHz, cell-ID=25
[image: image15.png]VRB index PRB index
0 25 9 34
1 26 i 42
2 21 0 25
3 28 8 33
4 29 16 a1
5 30 24 49
6 31 7 32
7 32 15 40
8 33 23 48
9 34 6 31
10 35 14 39
11 36 22 ar
12 37 5 30
13 38 13 38
14 39 21 6
15 40 4 29
16 a1 12 37
i 42 20 45
18 43 3 28
19 44 11 36
20 45 19 44
21 6 2 21
22 a7 10 35
23 48 18 43
24 49 1 26




 
Table- 2 another example for the mapping rule between the indexes of DVRB-pairs and DPRB-pairs: Nd=2, BW=10MHz, cell-ID=26

5. Multiplexing within one DPRB-pair
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Figure-1 Slot-based TDM multiplexing within one DPRB-pair, Nd=2
In order to achieve effective power control and maintain configuration commonality with the localized scheduling, as for Nd=2, slot-based TDM multiplexing scheme for DPRB mapping is preferred. Slot allocation for DVRB corresponds to the segment where it is located. Take the case that Nd=2, BW=10MHz, cell-ID=25 for example, as depicted in the figure below: the DVRB located in certain segment is mapped to the corresponding DPRB in the same segment in the first slot. 
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Figure-2 Slot allocation corresponding to the segment where DVRB-pairs are located for Nd=2, BW=10MHZ, cell-ID=25

A symbol-based hopping with inter-cell-interference averaging is preferred for the case Nd=3. The concrete scheme needs to be further studied. 
The target UE may receive the control signaling indicating the VRB-pairs assignment information, which can be decoded to obtain the physical resource allocation information according to the fixed mapping rule. It should be noted that consecutive DVRB-pairs can be signaled to indicate the distributed DPRB-pairs allocation, so that the corresponding control signalling has the commonality with that used for localized type, and the related overhead can be reduced to some extent. 
3. Conclusion
We proposed to introduce a cell-specific mapping rule for accessing the DPRB-pairs in different bandwidths independent with the total number of DPRB-pairs. The proposed mapping rule between indexes of DVRB-pairs and DPRB-pairs is superior in several aspects in the following:

1. Provide a trade-off between frequency diversity and packing efficiency.
2. Support semi-persistent scheduling scheme.
3. Low-complexity.

4. Support flexible resource allocation for distributed transmission.

5. Effectively reduce the inter-cell-interference.  

6. The resultant control signalling has similar format with the localized type, probably leading to respectively lower signalling overhead if consecutive DVRB-pairs are allocated to a single UE.  
Therefore, we suggest that Nd =2 or 3, and the proposed cell-specific mapping rule between indexes of DVRB-pairs and DPRB-pairs are adopted for distributed transmission in E-UTRA downlink. 
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