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1. Introduction

For the evolved UTRA/UTRAN, there were several contribution on frequency resource allocation [1][2][3], but has 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 method as shown in Figure1 - distributed resource allocation and localized resource allocation. In distributed allocation, chunks assigned to each UE are distributed separately over the whole bandwidth. On the other hand, in localized allocation, chunks are assigned consecutively to each UE. Here, we assume that the whole bandwidth is divided into the sets of consecutive subcarriers and each set is called chunk. 
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Figure 1. Channel resource allocation method

(a) Distributed allocation

Distributed allocation brings to UEs the frequency diversity gain in a frequency selective channel environment since the chunks are scattered over the whole bandwidth. Each UE’s chunks are allocated considering not local but whole bandwidth, so that scheduler may not require multiple downlink CQIs corresponding to the localized parts of whole bandwidth. This allocation method is appropriate to UEs with fast channel variation in high speed.

(b) Localized allocation

In frequency selective channel of certain UE, some part of bandwidth shows good channel condition while other shows bad channel condition. Within the whole bandwidth, consecutive chunks can be allocated to certain UE, in a way that the scheduled UE shows better channel quality than other UE’s in that part. Since each part is allocated to a UE with better channel status, user diversity gain can be achieved and link adaptation technique will be well applied. To support such a scheduling, complex downlink CQI feedback signalling may be transmitted to uplink. This allocation method is appropriate to UEs with slow channel variation in low speed.

3. Combination of distributed allocation and localized allocation

In one cell, some UEs may be in a channel environment suitable for distributed allocation, while other UEs for localized allocation. In order to utilize the merits of distributed and localized allocation methods at the same time, the two methods can be combined into two types – TDM and FDM. 

(a) TDM methods

In TDM methods, either distributed or localized allocation is selected at a time unit and may be changed at every time unit. The time unit may be OFDM symbol or OFDM frame. TDM of distributed and localized allocation methods is depicted in Figure 2.

At every time unit, once allocation method is selected between distributed and localized allocation, chunks are assigned to UEs based on the selected allocation method. These chunk assignments can be varied dynamically at every time unit or fixed semi-statistically during several time units. 
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Figure 2. TDM methods

<TDM by OFDM symbol>

In Figure 2(a), ‘TDM by OFDM symbol’ allows either of two allocation methods to be selected and changed every OFDM symbol. For this operation, two types of signalling are required every symbol time : one is a common signalling to indicate which allocation method is used between distributed or localized allocation, the other is a dedicated signalling to indicate the chunks assigned to each UE. This signalling overhead may be to much in practice.

In order to reduce the signalling burden, the chunks assigned to each UE may be fixed during a frame time as depicted in the second or third frame of figure 2(a), so that the dedicated signals to indicate the chunks assigned to each UE need to be transmitted once in a frame. 

<TDM by frame>

In Figure 2(b), ‘TDM by frame’ make it possible to select either distributed or localized allocation 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’. 

(b) FDM methods

In FDM methods, both distributed and localized allocation are supported in a same OFDM symbol, which may be a most flexible way of combining to resource allocation methods. For the simplicity of signaling, it may be preferable to fix the chunk assignment to each UE during a frame time. We consider two FDM methods, that is, static FDM method and dynamic FDM method.
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 <Static FDM >

As in Figure 3(a), the channel bandwidth can be divided into two fixed regions statically. Then, one region is used only for the distributed allocation and the other is used only for the localized allocation. 

Static FDM requires dedicated signals to indicate the chunks assigned to each UE, and to indicate which allocation method is used for each UE between distributed or localized allocation.

<Dynamic FDM>

Figure 3(b) illustrates a dynamic FDM allocation. As shown in the Figure 3(b), both distributed and localized allocation can use the whole bandwidth. In order to support two allocations at the same time, the allocation is performed by two steps: First, chunks are assigned for the distributed allocation,  and then, localized allocation is performed using the remaining chunks. When the consecutive chunks are assigned to the localized allocation, if the some chunks in-between the consecutive chunks are already assigned to the distributed allocation, that preoccupied chunks are excluded in assigning the consecutive chunks. In this case, from the viewpoint of localized allocation method, the consecutive chunks are punctured by distributed allocation.

This dynamic FDM case requires an additional signalling in comparison with static FDM. For example, UEs with localized allocation should be informed of the chunks assigned to the UEs with distributed allocation in order to check the preoccupied chunks.

4. Conclusion
In this contribution, we initiate the discussion on the downlink resource allocation methods that collocate distributed allocation and localized allocation, e.g. TDM method and FDM. There may be various other methods possible. Further study and discussion will be necessary considering the flexibility and the required amount of signalling to support those methods.
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