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1. Introduction

The downlink scheduling assignments contains, among other information, the resources upon which the downlink data is transmitted. A fully flexible resource assignment is able to indicate any combination of resource blocks, but comes at a high cost of signaling overhead. As an example, a bitmap with 100 bits or more is necessary to indicate any combination of resource blocks in a 20 MHz system. This is clearly a too high overhead and RAN1 has therefore agreed to have some restrictions in the set of resource blocks possible to assign for downlink transmissions. In this paper, one possibility to reduce the number of bits necessary for resource assignment is outlined.

2. Discussion

The basic principle used is similar to HSDPA, namely to use some form of run-length coding to indicate the number of the first resource block and the size of the allocated resource. To indicate the starting point with full flexibility, 7 bits is sufficient. Similarly, 7 bits can be used to indicate the length, although this number can be reduced somewhat by imposing some restrictions in the size of the allocation. Thus, with this approach, at most 14 bits are necessary to indicate the allocation of one set of contiguous resource blocks. This can be compared to the 100+ bits mentioned in the introduction.

Limiting the resource allocation to a set of frequency-contiguous resource blocks is clearly sufficient for uplink assignments due to the single-carrier properties. However, for downlink assignments, this can limit the possibility to exploit channel-quality variations in the frequency domain. To address this, several sets of resource blocks, each with a starting point and a length, can be used. This is illustrated in Figure 1. Each UE in this example is allocated two sets of resource blocks and four numbers are used to indicate the allocation to a UE – a and b indicate the starting point and length, respectively, of the first set of resource blocks, c and d the starting point and length of the second set
. Obviously, this can be generalized to support more that two sets of resource blocks. Allocating groups of contiguous resource blocks is motivated by the fact that ‘good’ resource blocks typically are located next to each other.

[image: image1.emf] 

UE 1

UE 2

Resource blocks

a

1

b

1

c

1

d

1

a

2

b

2

c

2

d

2

{a

1

b

1

c

1

d

1

;a

2

b

2

c

2

d

2

;a

3

b

3

;c

3

d

3

}

UE 3

a

3

b

3

c

3

d

3


Figure 1: Example of resource allocation.

The run-length structure can be cast in the already agreed structure of control channel elements and control channel candidates. The size of a control channel element can be selected such that one CCE (at a certain code rate) can carry the assignment information for one contiguous allocation (i.e., two numbers a and b) and the necessary cat 2/3 information (transport block size, hybrid ARQ information, etc). The number of bits required for cat 2/3 is about the same as the number of bits required for resource assignment of one set. Therefore, if three contiguous allocations are needed, two CCEs can be aggregated to carry six numbers, a, b, c, d, e, f, and the necessary cat 2/3 information. Similarly, five contiguous allocations can be obtained by aggregating three CCEs and so on.

The UE will monitor several formats consisting of different aggregations of CCEs, as well as different code rates. This is illustrated in Figure 2. If the CRC checks, the UE knows the format of the control signaling. 

An alternative could be to use several control channels in case a certain UE is allocated several sets of resource blocks. However, this would duplicate the cat 2/3 information which may be less desirable.
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Figure 2: Example of control channel candidates and run-length coding
3. Conclusion

It is proposed to use run-length coding to reduce the number of bits in the downlink control signaling. Furthermore, downlink assignments should be limited to a small number of frequency-contiguous regions to reduce the control signaling overhead.

� Alternatively, a can indicate the starting point, b the length of the first allocation, c the length of the unallocated region, and d the length of the second allocation.
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