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1 Introduction
The downlink distributed transmission was discussed in the RAN1#50 meeting [1] and two values for Nd, Nd=2 and Nd=3, were agreed in [2].

One of the open issues is DVRB-pair to PRB-pair assignment scheme. This contribution proposes the assignment rule and signaling. 

Note that the system performance gain for Nd=3 is evaluated in [3], which shows that Nd=3 is necessary. 

2 DVRB-pair to PRB-pair assignment rule 

We propose a fixed assignment rule of the DVRB-pair index to the PRB-pair index and of the “phase”, i.e. the order in a DPRB-pair. This allows for a simple system design and a simple eNB/UE processing. One could argue that a flexible DPRB-pair assignment is necessary to avoid a conflict with frequency selective scheduling, i.e. L-PRB-pair allocation, e.g. as mentioned in [4]. However, keeping in mind that the main use case for D-VRB transmission is VoIP, i.e. persistent scheduling, the typical scheduler operation is that PRB-pairs used for the VoIP transmission are firstly semi-persistently allocated and then the PRB-pairs for the dynamic scheduling are allocated. DVRB-pairs are additionally used for dynamic scheduling, e.g. for high mobility UEs. Because the amount of PRB-pairs used for these UEs could be small, the scheduler operation which allocating DVRB-pair first would not degrade frequency selective scheduling gain. Furthermore, the scheduler still has a flexibility of DVRB-pair allocation. Therefore, we there is no strong necessity of a flexible assignment of DVRB-pairs to PRB-pairs. As for subframes on which the SCH and the BCH are mapped, a specific relationship between the DVRB-pair index and the PRB-pair index for these subframes should be considered.

As for the usage of Nd=2 and Nd=3, we propose to semi-statically configure Nd=2 and Nd=3 based on expected cell load, e.g. expected VoIP traffic load. Alternatively Nd could be dependent on the system bandwidth. Additionally, we propose to define a specific DVRB‑to‑PRB assignment for each Nd value, which is suitable for the different expected cell loads. In case of Nd=2, we propose to bundle PRB-pairs on the edge of the system bandwidth. This improves the frequency diversity especially for small system bandwidths and leaves more consecutive PRB-pairs for localized transmission, as shown in Figure 1. As we are proposing to use Nd=2 when a small number of DVRB-pairs is used, the separation of all PRB-pairs on which the DVRB-pairs are mapped is large enough to achieve sufficient frequency diversity. On the other hand, in case of Nd=3, we propose that the DVRB-pairs are evenly distributed over the whole system bandwidth as shown in Figure 2 because we assume that Nd=3 would be used for a large number of DVRB-pairs. 

The assignment rule for the DVRB-pair index to PRB-pair index and the “phase” is expressed according to the following equations: 

For Nd=2, a DVRB-pair m is mapped onto a PRB-pair i and j with “phase” p: 
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For Nd=3, a DVRB-pair m is mapped onto PRB-pairs i, j and k with “phase” p:
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Figure 1 DVRB-pair to PRB-pair assignment for Nd=2
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Figure 2 DVRB-pair to PRB-pair assignment for Nd=3
3 Signaling for distributed transmission

Although the main use case of distributed transmission is VoIP, it is beneficial to also use distributed transmission for dynamically scheduled UEs with a high velocity and/or in low geometry. That is, reporting a wideband CQI only is more suitable for those UEs due to poor accuracy of the multi-band CQI and/or due to the large uplink control overhead. 

Assuming a bitmap‑based signalling for the dynamic scheduling [5] and the use of two or more PRB-pairs using the “full size” DL allocation [5], an effective distributed allocation can be achieved by allocating multiple localized PRB-pairs. Therefore, a first solution for achieving a distributed transmission to UEs in difficult conditions would be the combination of the use of DVRB-pairs for smaller allocations and the use of localized PRB-pairs (using a bitmap-based signaling) for larger allocations. This solution has the drawback that the control signaling overhead for larger distributed allocations is quite large, since a PDCCH carrying the “full size” DL allocation needs to be used. In order to avoid this large PDCCH overhead, the distributed allocation can be indicated by a consecutive DVRB-pair allocation with a small PDCCH payload size, which was agreed in [5] (referred as “compact” DL assignment). Moreover, in the first solution, the VRB‑to-PRB mapping and demapping for a distributed allocation depends on the allocation size, which unnecessarily increases the complexity. Therefore, we propose that the small PDCCH payload format can be used for all sizes of distributed resource allocation with DVRB.
4 Conclusion
This contribution shows our view on the assignment rule of DVRB-pair to PRB-pair and related signaling for distributed transmission. We propose the following: 

· A fixed mapping rule of DVRB-pairs to PRB-pairs and of the “phase”, i.e. the ordering within a DPRB.

· For Nd=2, band edge PRB-pairs are used for distributed transmission

· For Nd=3, DPRB-pairs are evenly distributed over the whole system bandwidth
· The small PDCCH payload format (“compact” DL allocation) with consecutive virtual resource allocation can be used for all DVRB-pair allocation sizes.
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