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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 efficient methods for signaling the localised FDMA uplink resource block (RB) allocations. 
2 Tree Based Resource Allocations (Method1)

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 as follows:



[image: image6.wmf]N

x

b

N

x

a

mod

=

+

ú

û

ú

ê

ë

ê

=

1


if (  a+b > N )

{


P = N + 2 – a 


O = N – 1 – b
}

else{


P = a

O = b
}

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 Uplink DFT Precoding based Resource Allocations (Method2)
In RAN1#47bis, it was agreed to limit the possible scheduling assignment for the uplink to DFT pre-coding sizes that can be written as a product of the numbers 2, 3, and 5RBs. In that case, all possible contiguous resource allocations are not needed. Table 2 at the Appendix shows the possible contiguous resource allocations for 20MHz. It is obvious that the number of possibilities is reduced, for 20MHz only 34 possible allocations exist.
In order eNB to signal the resource allocation to the UE, it needs to find the number of contiguous RBs from Table 2 and also the starting position.

Let’s define two parameters: indexP and O where indexP is the index corresponding to the selected number of contiguous RBs and O is the index of the starting resource block.

Method2: Signal one integer value x derived as follows:
Encoder : x = N*indexP + O

Decoder : indexP = floor(x/N)

     
O = x - indexP*N

Where N={25,50,75,100} for Bandwidths={5,10,15,20 MHz}

The number of bits required for Method2 and Method1 is summarised below.

Table 3: Number of bits required for resource allocation signalling

	Bandwith

MHz
	Range of O
(Method2)
	Range of indexP
(Method2)
	Number of bits required

	
	
	
	Method2

(DFT-based)
	Method1

(Tree-based)

	5
	0-24
	0-15
	9
	9

	10
	0-49
	0-23
	11
	11

	15
	0-74
	0-28
	12
	12

	20
	0-99
	0-33
	12
	13


4 Conclusions

In this document, we have proposed efficient methods for resource block allocation signalling for E-UTRA uplink transmission. Method2 takes into account the limitation of the scheduling assignment for the uplink which corresponds to DFT pre-coding sizes that can be written as a product of the numbers 2, 3, and 5 RBs. Method1 has an advantage of applying it for UL grant as well as DL grant with small payload.

Hence, we propose:

· Method1 (Tree-based method) should be used for signaling the localised resource block allocations for uplink grant as well as the downlink grant with small payload size.
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Appendix A. Table 2. Possible contiguous resource allocation for different bandwidths.
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