
6th – 10th November 2006


Agenda Item:
6.12.1
Source: 
NEC Group, NTT DoCoMo
Title: 
Uplink Resource Allocation for E-UTRA
Document for:  Discussion and decision
[image: image1]
1 Introduction

The downlink shared control channel for each LTE UE is required to carry both downlink and uplink resource allocation information for a UE so scheduled.
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. Two methods for signaling the uplink resource allocation are proposed in this document. The methods exploit the uniform spacing needed between allocated resource blocks in the uplink in order to satisfy the single carrier characteristics of the transmitted signal and thus will be suboptimal if applied to the multi-carrier LTE downlink where greater resource allocation flexibility is desired. 
In the last meeting RAN1 #46Bis, for the uplink, it was decided to have only:  

· Localised Chunk allocation – A UE is allocated a set of consecutive chunks where each chunk is a set of 12 consecutive subcarriers.
In this document we propose two mechanisms that can be used to achieve a reasonable signalling overhead for the localised resource/chunk allocations.

2 Method 1: Tree Based Resource Allocation
For resource allocation signalling, a triangular structure as shown below is constructed with the number of chunks available for a particular bandwidth equal to the number of leaf nodes.  An example for the 1.25 MHz bandwidth is shown in Figure1 with a minimum resource block unit of 12 subcarriers. 

[image: image11.png]300 subcariers = 4.5MHz ’{

+— One Resource Block (12 subcarriers)

Resource ID




Figure 1 : Localised Allocations with 1.25MHz bandwidth
For a 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 in the table below.

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

	N
	6
	12
	25
	50
	75
	100

	#Bits
	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 chunk and the number of consecutive chunks. In a bandwidth with N leaf chunks, the starting chunk O and number of consecutive chunks P can be signalled as an unsigned integer x as follows –
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At the receiver a simple decoding scheme not requiring 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.

For localised allocation, each UE is signalled a node number which maps to a set of leaf chunks. As an example, Figure 1 shows a scenario where three localised users are multiplexed within 1.25 MHz bandwidth with the green user allocated chunks 0 and 1, the red user chunks 2, 3 and 4 and the blue user chunk 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 figure demonstrate the case for a 1.25 MHz bandwidth (for ease of representation), the resource allocation within the Node B’s total bandwidth can be accomplished in units of the uplink transmission bandwidth capability for different UE’s. 
3 Method 2 – Two Stage Resource Signalling

An alternative signalling mechanism using a two stage process is described below.
· Common Signalling: To be decoded by all UE’s in the cell. This is partitioned into blocks of 25 bits per 5 MHz sub-bands of the Node B’s total bandwidth. In each 5 MHz, a 25 bit pattern representing the resource allocation within that 5 MHz can be used. A ‘1’ in the 25-bit pattern indicates the beginning of a new Resource ID in the corresponding chunk, and the Resource IDs are implicitly numbered from left to right. Separating the common signalling into blocks per 5 MHz allows the Node B to schedule a UE using only a part of its band e.g. a 10 MHz localised user allocated only 5 MHz for transmission. Obviously, if a 10 MHz UE is scheduled to send data on both 5 MHz halves of its bandwidth, the resource allocation has to be ensuring a uniform spacing of allocated resources in the total bandwidth.
· Dedicated Signalling: To be individually signalled to each UE in its control channel. Contains one 3 bit Resource ID per 5 MHz sub-band leading to a maximum number of eight users that can be scheduled per 5 MHz sub-band. UE’s with larger bandwidths can combine multiple 5 MHz sub-bands and decode their total resource allocation from the resource id in each sub-band.

Note that instead of the Dedicated Signalling described above it would also be possible to signal the UE IDs corresponding to each Resource ID as part of the Common Signalling. 
An example of localised allocation for a 5 MHz bandwidth is shown in Figure 2 for up to 8 UEs.
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Figure 2: Localised Allocation

For localised allocation, each UE receives only one Resource ID for each 5MHz band it occupies, so its allocation must be contiguous or uniformly spaced within each 5MHz band.  
4 Comparison of Schemes

In the following tables, the two proposed schemes are compared with each other and an overhead estimate is provided for each. However, the following overhead is not taken into account as they are same to all users:

· Resource Allocation Duration – 2 

· Modulation Type – 2

· Antenna Information - 2

· TB Size – 8

· Redundancy Version – 2
Table 2. Number of bits for resource allocations for 5MHz bandwidth.
	
	Method 1 – Tree Based
	Method 2 – Two Stage

	Applicability
	Uplink
	Uplink

	Common Signalling Overhead (bits/5 MHz/UE)
	0
	25 (Pattern)

	Dedicated Signalling Overhead (bits/5 MHz/UE)
	9
	3 (Resource ID)


For N scheduled users, the table below provides the number of signalling bits needed per 5 MHz for the two schemes suggested here and the scheme proposed in [2].
Table 3. Overhead estimation of resource allocations for 5MHz bandwidth.

	Signalling Method
	Number of Bits/5 MHz

	Method 1 – Tree Based
	(9)N = 9N

	Method 2 – Two Stage
	25 + (3)N = 25 + 3N

	Sub-band based method [2] 
	(12)N = 12N


Figure 3 shows the bit overhead for the three schemes is shown below.
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Figure 3: Signalling Overhead Comparison

It can be seen from the above figure that for reasonable number of users within 5 MHz (around 4 to 5 users), the tree based signalling scheme requires the least amount of signalling overhead.
5 Conclusions

In this document we have described two methods for resource allocation signalling that could be considered for efficient signalling in uplink E-UTRA. Resource overhead for each scheme has been provided and the two schemes have been compared against each other and alternative proposals proposed in WG1. So we propose to adapt such method for LTE in the uplink.
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7 Annex A – Decoding of Resource 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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