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1. Introduction

For the evolved UTRA/UTRAN, there were several contributions on the downlink frequency resource allocation [1][2][3] and on the optimum number of subcarriers for a chunk [4][5], but have not been enough discussion. In this contribution, we discuss downlink resource allocation method, especially regarding the collocation of distributed allocation and localized allocation.

2. Distributed resource allocation and localized resource allocation

There are two types of channel resource allocation methods under consideration, distributed resource allocation (DRA) and localized resource allocation (LRA). In DRA, subcarriers assigned to each UE are distributed separately over the whole bandwidth. On the other hand, in LRA, subcarriers are assigned consecutively to each UE. 

DRA brings to UEs the frequency diversity gain in a frequency selective channel environment since the subcarriers are scattered over the whole bandwidth. DRA is appropriate to UEs with fast channel variation in high speed. LRA achieves user diversity gain, since the bandwidth with good channel condition can be allocated to a UE, and link adaptation technique will be well applied to each UE. This allocation method is appropriate to UEs with slow channel variation in low speed.

In order to reduce the signalling burden when allocating subcarriers to each UE, we need to define a chunk, a set of subcarriers. It is a basic transmission unit. There are two possible ways of subcarrier-to-chunk mapping.

(a) Chunk of consecutive subcarriers (Chunk_CS)

To support the LRA, consecutive subcarriers are grouped by a chunk (Chunk_CS) as in figure 1. Chunk_CS can be used for LRA as in figure 1(a). Also, Chunk_CS can be used for DRA as in figure 1(b), where the dispersion of subcarriers is performed by chunk distribution. However, if the size of Chunk_CS is larger than 15 subcarriers as proposed in [4][5], only small number of chunks are likely to be assigned to a UE, which may result in a small frequency diversity gain.
(b) Chunk of dispersed subcarriers (Chunk_DS)

For the DRA, a chunk can be defined to consist of a set of dispersed subcarriers (Chunk_DS) as in figure 2. With this chunk definition, a UE assigned only one chunk can get a good diversity gain because subcarriers in a chunk are dispersed over the whole band. Chunk_DS is not suitable for LRA, because LRA needs consecutive subcarrier allocation.
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Figure 1. Chunk of consecutive subcarriers (Chunk_CS)
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Figure 2. Chunk of dispersed subcarriers (Chunk_DS)
3. Combination of distributed allocation and localized allocation

In one cell, some UEs may be in a channel environment suitable for DRA while other UEs for LRA. In order to utilize the merits of DRA and LRA at the same time, the two methods can be combined into two types – TDM and FDM. Note that while combining DRA and LRA, we can use one chunk definition (i.e. Chunk_CS are commonly applied to DRA and LRA), or dual chunk definitions (i.e. Chunk_DS are applied to DRA and Chunk_CS to LRA). In point of the chunk definition for the LRA, only Chunk_CS can be used. However, for the DRA, either Chunk_CS or Chunk_DS can be considered. In case of using Chunk_DS for DRA, we may get more frequency diversity gain with different chunk definitions for LRA and DRA.
(a) TDM methods

In TDM methods, either DRA or LRA is selected at a time unit and may be changed at every time unit. The time unit can be an OFDM symbol or a frame. TDM of DRA and LRA using one chunk definition is depicted in figure 3.
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Figure 3. TDM methods

<TDM by OFDM symbol basis>

‘TDM by OFDM symbol basis’ method allows either of two allocation methods, LRA and DRA, to be selected and changed every OFDM symbol, which is depicted in the first frame of figure 3(a). For this operation, two types of signalling are required every symbol time: one is a common signalling to indicate which allocation method is used for an OFDM symbol, the other is a dedicated signalling to indicate the chunks assigned to each UE. This signalling overhead may be too much in practice.

In order to reduce the signalling burden, the switching between DRA and LRA may take place maximum one time during a frame duration as depicted in the third frame of figure 3(a), so that the dedicated signalling to indicate the chunks assigned to each UE need to be transmitted once in a frame. 

<TDM by frame basis>

In figure 3(b), ‘TDM by frame basis’ method make it possible to select either DRA or LRA on a frame basis. Every frame time, it needs as much signalling as ‘TDM by OFDM symbol’ requires every OFDM symbol time, which results in much less signalling than that of ‘TDM by OFDM symbol’. However it is relatively less flexible in comparison with ‘TDM by OFDM symbol basis’ method.

(b) FDM methods

In FDM methods, both DRA and LRA are supported in a same OFDM symbol, which may be the most flexible way of combining two resource allocation methods. For the simplicity of signaling, it may be preferable to fix the chunk assignment to each UE during a frame time.
Figure 4 illustrates a FDM allocation using one chunk definition. In order to support two allocations at the same time, the allocation can be performed by two steps: First, chunks are assigned for the DRA, and then, LRA is performed using the remaining chunks. If the some chunks in the consecutive chunks are already assigned for the DRA, the chunks preoccupied by DRA are excluded in assigning the consecutive chunks.

FDM method requires dedicated signals to indicate the chunks assigned to each UE, and to indicate which allocation method is used for each UE between DRA and LRA. In addition, UEs with LRA should be informed of the chunks assigned to the UEs with DRA in order to check the chunks preoccupied by the DRA.

Consider the case of dual chunk definition. If the some subcarriers not chunks in the consecutive chunks are already assigned for the DRA, the subcarriers preoccupied by DRA are excluded in assigning the consecutive chunks. In this case, the capacity of Chunk_CS may be different chunk by chunk. This may increase the complexity in scheduling.
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Figure 4. FDM methods

4. Conclusion
In this contribution, we enumerated the downlink resource allocation methods that collocate distributed resource allocation (DRA) and localized resource allocation (LRA), e.g. TDM method and FDM method with one chunk definition and dual chunk definitions. 

We summarize the above discussion as follows:

· Collocation of distributed resource allocation (DRA) and localized resource allocation (LRA) is needed to allocate channel resource efficiently to each UEs in various channel environments.

· Considering the large chunk size, dual chunk definitions is needed in order to get the merits of DRA and LRA. (i.e. Chunk_DS for DRA and Chunk_CS for LRA)

· TDM of DRA and LRA needs small signalling burden and is simple to use dual chunk definitions.

· FDM is the most flexible way to combine DRA and LRA, but signalling burden is increased.

Further study and discussion will be necessary considering the flexibility and the required amount of signalling to support those methods.
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