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1. Introduction 

In order to fully support all possible resource allocations in DL the allocation message will be very large and cause a great deal of overhead. A “bit map” solution, where each bit corresponds to one RB, could be used to indicate the resources assigned to a scheduled user. The “bit map” solution allows for all possible allocations to be signaled but is extremely demanding in signaling overhead. For example if only three users are scheduled simultaneously on a bandwidth of 20 MHz (100 RB) the number of bits per subframe needs to be 3×100=300, corresponding to a bit rate 300 kbps. This type of scheme would either limit the number of simultaneously scheduled users or cause an unreasonable overhead. Thus it is essential to find an efficient signaling scheme which significantly reduces this overhead. 

2. The begin-end representation

The frequency-domain channel variations are typically strongly correlated between RBs, i.e., RBs with good channel quality are often consecutive in frequency. Thus, the preferred allocation for a user often consists of a (small) set of consecutive RBs. Furthermore, the total number of consecutive parts that the channel needs to be split up in, in order to fully utilize the multi-user diversity gain is more or less independent of the number of simultaneously scheduled users but rather related to the coherence bandwidth of the radio channel.

This property can be exploited to limit the signaling overhead. A consecutive allocation, referred to as an “island”, is represented by a “begin point” (RB index) and a length in number of RB indicating where the allocation ends. A downlink allocation may consist of several such “islands” or “begin-end” allocations while an uplink allocation is always a single island. The total number of islands is limited but can be shared between users arbitrarily. The method is illustrated in Figure 1.
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Figure 1: Illustration of the begin-end representation of scheduling allocations.

Assuming, as an example, 100 resource blocks, the starting position of an allocation can be represented by a value between 0 and 99, requiring 7 bits. The length of an allocation can be limited to some range of values, e.g., 1, 2, 4, 8, 16, 32, 64, 100, and be encoded with 3 bits. In total 10 bits are then used to signal a consecutive allocation (for MIMO, additional bits can be included to represent the pre-coding information). The total number of signaling bits for a user is determined by the number of consecutive allocations assigned to that user. Although the resource allocation above is represented by a begin-end pair of numbers, other representations can equally well be used, e.g., the tree-based approach described in ‎[1].

The total number of control signaling bits used in the downlink depends on the number of consecutive allocations allowed in the system bandwidth. Contrary to the bit map solution, the amount of control signaling for resource assignment is independent of the number of users addressed. This is an attractive property as it provides a trade-off between the number of users and the number of islands for each user. Typically, in a subframe where many users are scheduled each user will only be allocated a few consecutive sets of resource blocks, while if a small number of users is scheduled the allocations given to each user can be more scattered in the frequency domain. The scheduler is further able to control the overhead signaling if needed to by limiting the total number of consecutive allocations allowed.

3. Mapping to control channel candidates

The “control channel candidates” (CCC) structure has been adopted as it allows for a flexible control channel design. This structure is illustrated in Figure 2. Several control channel elements (CCE) can be aggregated to construct control channels of different size. This could for example allow for a few different channel coding rates to be used for simple link adaptation. The UE must search through the set of control channel candidates for a potential scheduling assignment.

The CCC structure fits very well with the begin-end representation. An aggregation of CCEs can also be used to assign several begin-end assignments representing a fragmented resource allocation. In the example illustrated in Figure 2 it is assumed that transport format and hybrid-ARQ-related information together requires approximately the same number of bits as a single begin-end representation. An aggregation of CCEs could then be used either to lower the channel coding rate or to represent several sets of consecutive resource assignments. If found beneficial, higher-layer signaling can be used to limit the amount of blind detections a UE is required to perform. 


[image: image2]
Figure 2: Illustration of the CCC structure used for assigning different number of islands.
4. Discussion

An obvious reason for allowing resource allocations for several users to be multiplexed in the frequency domain is not to waste remaining resources when a scheduled user does not have a sufficiently large payload to fill the entire bandwidth. This reason is also responsible for the absolutely largest gain with this type of multiplexing and can fortunately be achieved already with one consecutive assignment per user. In additional to this major gain some further benefits can be obtained from frequency dependent resource allocation. In this process the need for fragmented allocations for one user will sometimes occur depending on channels. However, the majority of the time one or a small number of non-consecutive allocations is sufficient to take advantage also of this gain. The fixed cost for assigning an arbitrarily fragmented resource allocation is significant and the scheduler can only seldom benefit from a solution with this degree of flexibility. Under these conditions it is doubtful if the gain of a fully flexible resource allocation can be considered to stand in proper relation to its cost. The proposed begin-and-end solution, which still allows for several resource allocations per user but with somewhat limited flexibility, will void fixed costs for flexibility which is not used and thereby assure that the cost stands in a more agreeable proportion to the benefits. The begin-end representation is a very compact representation for few non-consecutive allocations, for example if a single consecutive allocation is used the begin-end representation only costs 10 bit compared with 100 bit for a full bits map. If combined with the CCC structure it still allows for several allocations when needed. 

5. Conclusions

It is suggested to signal the resource assignment in the downlink using a begin-end approach (or similar scheme) to reduce the amount of overhead for the most typical resource allocations.
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