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1 Introduction

The downlink L1/L2 control signalling is required to carry both downlink and uplink resource assignment information for each scheduled UE.
Since the number of bits available in the control channel is limited, efficient methods are needed to transmit the required information with the lowest number of bits without providing any restrictions on NodeB’s scheduler for deciding resource assignment. 
In this document, we propose one efficient method for signaling the localised FDMA uplink resource block (RB) allocations. 
2 Tree Based Resource Allocations
For resource allocation signalling, a triangular structure as shown below is constructed with the number of resource blocks (RBs) available for a particular bandwidth equal to the number of leaf nodes.  An example for the 1.25 MHz bandwidth is shown in Figure 1 with a minimum resource block unit of 12 subcarriers for localised RBs allocation. On this example, three localised users are multiplexed within 1.25 MHz bandwidth with the green user allocated RBs 0 and 1, the red user RBs 2, 3 and 4 and the blue user RB 5. In this case, the green user is signalled 6, the red user is signalled 14 and the blue user is signalled 5.

Although, the above example demonstrates the case for a 1.25 MHz bandwidth for ease of representation, other larger bandwidths can be accomplished in similar manner depending on the NodeB’s total bandwidth.
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Figure 1 : Localised RBs Allocation with 1.25MHz bandwidth
To generalise for any bandwidth with N leaf nodes, the triangle depth equals N and the number of nodes in the tree equal N(N+1)/2. A node number can hence be signalled using ceil(log2(N*(N+1)/2)) number of bits. The exact number of bits required for each bandwidth is shown on Table 1 below.

Table 1. Number of bits required for each bandwidth.
	MHz
	1.25
	2.5
	5
	10
	15
	20

	N
(#Bits for bit-mapping method)
	6
	12
	25
	50
	75
	100

	#Bits 

(Proposed Method)
	5
	7
	9
	11
	12
	13


The node numbering is designed to optimise the number of signalling bits required to signal a particular resource allocation. In the example for 1.25 MHz bandwidth above, a 5 bit number is signalled to uniquely determine the starting RB and the number of consecutive RBs. In a bandwidth with N leaf RBs, the starting resource block O and number of consecutive resource blocks P can be signalled as an unsigned integer x as follows:
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At the receiver, simple decoding scheme that do not require the benefit of a lookup table can be used to recover the values of P and O. An example of such a decoding scheme is given in Annex A of this document.
It can be seen from the above Table 1 that the tree-based signalling method reduces the amount of the signalling bits compare to bit-mapping method without restriction on NodeB’s scheduler to decide any resource blocks for the scheduled UE.

3 Conclusions

In this document, we have proposed an efficient method for resource block allocation signalling for E-UTRA uplink transmission. The proposed method has two significant advantages: it reduces the number of signalling bits for uplink resource allocation compare to bitmapping and it does not provide any restrictions on NodeB’s scheduler for deciding resource assignment. Hence, we propose:

· Tree-based method should be used for signaling the localised resource block allocations for E-UTRA uplink transmissions.

4 References
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5 Annex A: Decoding of Resource Assignment Information for Tree Based Signalling Method

The values of P and O at the receiver can be extracted as follows:
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if (  a+b > N )

{


P = N + 2 – a 


O = N – 1 – b
}

else{


P = a

O = b
}

Note that no look up table is required for decoding. The division by N can also be implemented by a simple multiplication and shift operation. For example, when N is 12, a and b can be derived as
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