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1. Introduction

During 3GPP TSG RAN WG1 #50 in Athens it was decided to have in the DL resource allocation coding two approaches [9]. In approach 1 physical resource blocks are grouped in Resource Block Groups (RBGs). These are allocated by a bitmap. In Approach 2 subsets of resource blocks are formed to be able to address several individual resource blocks (RB). A further specification was not yet done. In this document a further narrowing down inside this framework is proposed. 

2. Criterion
The number of bits used for the allocation (e.g. in Approach 1) defines the overhead incurred by the resource allocation. It should be reasonable in comparison to the Bandwidth that is addressed. 

For Approach 2 the criteria can be summarized. It:

· has to take care of single resource block allocations. 
· has to deal with fragmented spectrum and its efficient usage
· has to support the efficient interworking of dynamic allocations and persistent allocations on small preferred frequencies from ICIC e.g. for VoIP

3. Solution proposal

3.1. Resource block group size

In order to deal appropriately with the overhead of resource allocation field it is proposed to have in 5, 10 and 20MHz carrier bandwidth a resource block group size of 2, 3 and 4 RBs respectively as given in the table.

	Bandwidth
	Size of Resource block groups (RBGs)

	5 MHz
	2

	10 MHz
	3

	20 MHz
	4


3.2. Proposal for subsets
For the Approach 2 two possibilities of forming subsets are discussed here. 
It is proposed here to get subsets by forming islands (of consecutive resource blocks). It is further proposed to get subsets by subsampling the sequence of resource block groups. Here it is especially proposed that these subsets only contain whole resource block groups (that is always all RBs of a resource block group). This makes the definition of the sets easier and allows that all partially used resource block groups in one subset e.g. subset 1 can be filled up with one allocation grant using  this subset1 in order to efficiently clean up fragmented spectrum. If there are no further allocations the Approach 1 could afterwards be used to deal with the rest of the spectrum on the RBG level.
With that assumption for 5 and 10 MHz the island and subsampling is spelled out as given below.
Figure 2 now shows for 5 MHz the resource block groups and the definition of two islands and two sets of RBGs at subsampled positions.
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Figure 1: Subsets for two islands and two subsampled RBG sets in 5 MHz for bitmap addressing in Approach 2 
Here at most 3 bit for a header and 13 bit for the bitmap would be needed resulting in 16 bit for the whole downlink allocation grant. The black bullets could mark e.g. a distributed allocation (DVRB) inside subset 3.
In Figure 2 it is now shown for 10 MHz bandwidth how islands and subsampling sets should be constructed in that case.
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Figure 2: Subsets for three islands and three subsampled RBG sets in 10 MHz for bitmap addressing in Approach 2 
Here at most 3 bits for the header and 18 bits for the bitmap are needed resulting in 21 bit for the whole downlink allocation grant.

This can reasonably be combined with a distributed virtual resource block definition (D-VRB).

The signalling amount with the proposed method scales less than linearly with the bandwidth such that at higher bandwidth more UEs can be scheduled.
This resource allocation coding is proposed.

Summary of Allocation size
	
	Subset selection method

	Bandwidth
	5 MHz
	10 MHz

	Number of signaled bits
	16
	21


4. Conclusion and Proposal

The proposal in this paper is to use islands and subsampling to get to the subsets in Approach 2. By using only whole Resource Block groups in those subsets the approach 2 bitmap is sometimes increased by one bit but the definition of the subsets is cleaner. It further allows that all partially used resource block groups in one subset can be filled up with one allocation grant using this subset in order to efficiently clean up fragmented spectrum.
Thus it is proposed to define such a downlink Resource Allocation coding for the L1/L2 control channel.
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