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1 Introduction

This paper considers the signalling for downlink resource block assignment in 36.212 for Format 1.

2 Format 1 
DCI format 1 is used for the transmission of DL-SCH assignments for SIMO operation. 

The contents describing the assignment are as follows:-

- Distributed transmission flag – 1 bit

- Resource allocation header

- Resource block assignment – 
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 bits, where the value of P depends on the number of DL resource blocks as indicated in subclause [7.1.1] of [3]

The value of P may be 1, 2, 3 or 4, and according to the decisions reached in RAN1, the resource allocation header would indicate the use of Resource allocation type 0 (a bit map with a resolution of P resource blocks in the frequency domain) or Resource allocation type 1 (a bit map applied to a selected subset of resource blocks).  According to current proposals there would be zero, 2, 3 or 4 subsets, so including an indication of allocation type 0 or 1, an indication of the subset would require a resource allocation header of 0, 2, 2 or 3 bits respectively.
2.1 Discussion

Clearly Resource allocation type 0 can signal a wide range of different resource allocations which are multiples of the RB group size, including “contiguous islands” and patterns with “frequency diversity”. The main limitation is the lack of flexibility for small amounts of resource. There is also some limitation in flexibility in the size of contiguous islands, and limited support of “non-contiguous islands” but it is not clear whether these are significant problems in practice.

In general, it is desirable that Resource allocation type 1 makes efficient use of signalling bits. Therefore it should be designed as far as possible such that it can only indicate resource allocations which cannot be signaled with Resource allocation type 1. In addition such resource allocations should be useful for practical scheduling. Some examples of requirements are as follows:-

· Allocation of a single RB anywhere in the system bandwidth

· Allocation of a small number of RBs (e.g. 2 or 3) in different locations across the system bandwidth

· Allocation of possibly scattered resources remaining from other allocations
We note that none of the requirements can be met with Resource allocation type 0, and require the ability to address individual RBs. 
An example illustrating how Resource allocation type 0 would be applied is shown in Figure 1, taken from [1], where for a system with 25  Resource Blocks (RBs), the bit map would indicate the use or otherwise of each group of RBs. In this example the group size is 2. So as an illustration, setting the bit “RBG1” indicates the use of PRB1 and PRB2.
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Figure 1: Example of Resource allocation type 0 and type 1 from [1]

Figure 1 also shows a proposal for Resource allocation type 1, where some subsets of the resources are defined and the signalling indicates to which subset the bit map should be applied. In this example two subsets are considered, and the PDCCH header would indicate which is selected.

This scheme for Resource allocation type 1 meets the requirement of being able to address individual RBs. However, some of the allocation patterns are the same as can be signalled with Resource allocation type 0.  So, when using subset 1 in Resource allocation type 1, setting bits “RB1” and “RB2” would indicate use of the same resources as setting bit RBG1 in Resource allocation type 0.  

In order to avoid this problem of being able to signal the same allocation with both Resource allocation type 0 and type 1, we propose a modified scheme in which the subsets are offset (e.g. by a cyclic shift).
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Figure 2: Example of modification to Resource allocation type 1 to avoid common allocations with Resource allocation type 0
The aim (for any RB group size) is that none of the subsets in Resource allocation type 1 should exactly overlap the resource block groups in Resource allocation type 0. 

3 Distributed Transmission with Format 1 

As noted a flag is provided to indicate distributed transmission. One way of interpreting this is to assume that the physical resource allocation is indicated in the same way as for localized transmission. In this case, we can make further assumptions:
· Localized transmission is only likely to be useful for non-contiguous allocations (i.e. using Resource allocation type 1 not type 0). 

· For Nd=2 a distributed allocation would only be valid if the number of physical resource blocks indicated is a multiple of 2

· For Nd=3 a distributed allocation would only be valid if the number of physical resource blocks indicated is a multiple of 3

· If distributed transmission is only applicable for small allocations (e.g. physical resource is less than 6 blocks), then the value of Nd might be deduced from the size of the allocation..

However, there may not be sufficient benefit from supporting these additional possibilities, compared with what can be signalled using Format 1A, in which case use of Format 1A would be sufficient
4 Conclusions
Format 1: In order to make most efficient use of available signalling bits we propose that for Resource allocation type 1, the subsets should be shifted so that they do not exactly overlap with the RB groups defined for Resource allocation type 0. 

Distributed Transmission with Format 1: We propose that distributed transmission is not supported by Format 1, as sufficient flexibility is provided by Format 1A. 
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