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1 Introduction

In downlink, distributed and localized transmissions are multiplexed in frequency. This contribution deals with the mapping of distributed transmissions. 

According to decisions of the Kobe meeting [1], a resource-block (RB) based approach [2] is taken. The size of a distributed virtual resource block (DVRB) is equal to the size of a physical resource block. Each DVRB is distributed over at least 2 physical resource blocks (PRBs).

Several general concepts have been introduced up to now in order to obtain a RB-based mapping with desirable properties. Following these concepts, we propose here a practical implementation of the mapping of the distributed virtual resource blocks (DVRBs) onto PRBs, which guarantees:

· a good frequency and time diversity

· a fair channel estimation performance among DVRBs

· inter-cell interference randomization

· compatibility with any number of PRBs allocated to distributed traffic without loss of resource

· single rule of implementation whatever the number PRBs allocated to distributed traffic

· similar implementation of localized and distributed VRBs 

2 RB-based mapping of DVRBs

In RB-based mapping strategies, DVRBs are mapped onto specific PRBs allocated to distributed traffic. The time-frequency resource of NDVRB PRBs is shared between NDVRB DVRBs, where NDVRB is the number of DVRBs in a sub-frame.

All DVRBs have same size. The DVRB size Nsym is equal to the number of data symbols of a PRB. In full-duplex FDD, there are Nsym = (12*14 – NRS – NC) data symbols in each DVRB, where NRS and NC are the number of reference symbols and the number of control signalling symbols within each PRB, respectively. 

The data of each DVRB must be spread as much as possible over all time and frequency positions of the NDVRB PRBs, in order to guarantee:

· a good time and frequency diversity: a DVRB should not be mapped on a too limited subset of sub-carriers or OFDM symbols (e.g., [3]).

· a fair channel estimation performance among DVRBs: because of non-contiguous mapping of reference symbols in time and frequency, channel estimation requires interpolation, which provides channel estimates with unequal quality according to their distance to reference symbols. Therefore, on average, data of all DVRBs should be at the same distance (in time-frequency plane) to reference symbols, in order to guarantee the same level of channel estimation accuracy for all DVRBs.

3 Proposed mapping

3.1 Principle without inter-cell interference randomization

· The proposed mapping, as depicted in Figure 1 for NDVRB=3 PRBs allocated to distributed traffic and in Figure 2 for NDVRB=5 PRBs, achieves these two nice properties thanks to a good repartition of DVRB data in both time and frequency dimensions within each PRB.
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Figure 1: Mapping with constant shift of one PRB (s = 1), NDVRB = 3 

Only DVRB#0 is depicted, DVRB#1 and DVRB#2 are hidden
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Figure 2: Mapping with constant shift of one PRB (s = 1), NDVRB = 5

Only DVRB#0, #2 are depicted, DVRB#1,#3,#4 are hidden

The mapping of each distributed VRB#k is performed just as for a localised VRB, starting in the kth PRB allocated to the distributed traffic and shifting to the next PRB modulo NDVRB for each modulation symbol. Thereby, for both localised and distributed VRBs, the ith data symbol is always transmitted on the same position i of a PRB. The only difference is that every next data symbol of a DVRB#k is mapped on a different PRB. It is very valuable from the implementation point of view since the implementation difference between distributed mapping and localised mapping is only a constant PRB shift. This feature is illustrated in Figure 1 with blue arrows showing the order in which successive data symbols of DVRB#0 are mapped onto the 3 PRBs allocated to distributed traffic. Furthermore, all DVRBs have exactly the same mapping rule except for a shift in PRBs. 

Let us denote pi,j{(}PRB the ith position to transmit data from virtual resource blocks (VRBs) on the (th PRB allocated to distributed traffic, j{(}. Let us denote Di,kDVRB the ith data symbol of DVRB#k composed of Nsym data symbols in total. If there are NDVRB DVRBs transmitted on PRBs of indexes j{0}, j{1}, …, j{NDVRB-1}, 

Symbol Di,kDVRB is transmitted at position pi,j{(}PRB  

where ( = (k + i) mod NDVRB,   
 i = 0, 1, 2, …, Nsym-1 and k=0,1,…, NDVRB-1 
(1)

or equivalently,

Position pi,j{(}PRB carries symbol Di,kDVRB 

where k = (NDVRB – (i mod NDVRB) + ( ) mod NDVRB,  

 i = 0, 1, 2, …, Nsym-1 and  (=0,1,…, NDVRB-1
(2)

Figure 3 depicts the proposed mapping rule.
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Figure 3: Proposed mapping with constant shift of one PRB (s=1)

In order to allow transmission with SFBC transmit diversity in a stationary channel, the switch to the next PRB can be performed every two modulation symbols, as depicted in Figure 4.

Thus, with a single implementation rule, the proposed mapping can be applied for any number of PRBs allocated to the distributed traffic. This simplifies implementation and offers flexibility to adapt to different ratios of distributed and localized traffics without loss of resource. In particular, the number of DVRBs NDVRB does not have to be a factor of Nsym (or Nsym/2 in case of SFBC); also, NDVRB does not have to be a factor of 12 (number of subcarriers per PRB) nor of the number of OFDM symbols used for data.
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Figure 4: Mapping with constant shift of 1 PRB (s = 1), NDVRB = 3, with pairs of resource elements allocated to be suitable for SFBC

(Only DVRB#0 is depicted, DVRB#1 and DVRB#2 are hidden)
3.2 Principle with inter-cell interference randomization

In the case of adjacent cells with same PRB indexes reserved for distributed traffic, inter-cell interference randomization may be needed to avoid having the same DVRB from a neighbouring cell interfering on each data of a given DVRB of the cell of interest (e.g., [3]). A cell-specific mapping including a cell-specific PRB fixed step size s, i.e., a cell-specific constant shift of s PRBs, can be derived from the mapping of equation (1) as follows:

Symbol Di,kDVRB is transmitted at position  pi, j{(} PRB  

where ( = (k + is) mod NDVRB,   
i = 0, 1, 2, …, Nsym-1,    k=0,1,…, NDVRB-1     and   1≤ s ≤ NDVRB-1 
(3)

In Figure 1, s=1, data i and i+1 are mapped on PRBs j{m} and j{(m+1) mod NDVRB}, i.e., a constant shift of one PRB is used. In Figure 5, s=2, data i and i+1 are mapped on PRBs j{m} and j{(m+2) mod NDVRB}, i.e., a constant shift of two PRBs is used. 
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Figure 5: Mapping with constant shift of 2 PRBs (s = 2), NDVRB = 3

Only DVRB#0 is depicted, DVRB#1 and DVRB#2 are hidden

These two figures show the randomisation which is obtained by changing s between different cells. As a result, NDVRB‑1 different mappings are obtained by using this cell-specific constant shift. Best mappings are obtained if s and NDVRB are prime to each other. In the latter case, we can show that different values of s can be interpreted as different permutations of PRBs allocated to the distributed mapping. E.g., in Figure 5, PRBs j{1} and j{2} are swapped compared to Figure 1. To achieve higher randomization, the cell-specific fixed step size s could be replaced by a cell-specific permutation of PRBs with at most NDVRB! different configurations.

To summarize, with the mapping in equation (3) we obtain in addition to the properties listed in section 2, the following properties:

· inter-cell interference randomization: the value of s may be chosen according to the cell and group IDs, in order to randomize the interference from distributed traffic in neighboring cells.

· flexibility and efficiency: the mapping rule is compatible with any number of PRBs allocated to distributed traffic and all available resource elements of all PRBs allocated to distributed traffic are used.
· similar implementation of localized and distributed VRBs: as shown in equations (1) and (3), the mapping function is exactly the same as the mapping function for a localized VRB, with a constant shift among PRBs allocated to the distributed traffic.

· low complexity: single rule of implementation (3) is used whatever the number of PRBs allocated to distributed traffic

An alternative possibility for inter-cell interference randomization would be to apply a cell-specific cyclic shift of the mapped resource elements from one OFDM symbol to the next. The cyclic shift would be applied after calculating the basic mapping shown in Figure 3, as described in [4]. This would maintain the PRB step size s=1 to be retained. 

4 Summary

We propose a single practical rule to map distributed VRBs onto PRBs allocated to the distributed traffic. This rule provides good time-frequency diversity, flexibility to adapt to different ratios of distributed and localized traffic, the possibility of inter-cell interference randomisation, and low complexity thanks to similar implementation of mapping for localized and distributed VRBs.

Some items were left open from the initial set of agreements in [1] at RAN1#49. We propose the following further agreements:

1. The number of PRBs each DVRB is mapped onto (Nsym) is equal to the total number of distributed PRBs (NDPRB).

2. The total number of distributed PRBs (NDPRB) is signalled to the UE. 

3. The exact mapping to REs is deterministic given NDPRB. The mapping is the same as for Localised PRBs, i.e. mapping each modulation symbol to an RE 
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 in increasing order of first the index k and then the index l, starting with the first slot in a subframe (where k and l are the RE indices in the frequency and time domains respectively, as defined in TS36.211), with an additional jump of one distributed PRB from each modulation symbol to the next. 

4. Additional cell-specific interference randomization may be applied. 
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