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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.
Three possible ways of uplink resource allocation are possible-

· Localised Chunk allocation – A UE is allocated a set of consecutive chunks where each chunk is a set of 25 consecutive subcarriers

· Distributed Chunk Allocation - A UE is allocated a set of chunks dispersed across its supported bandwidth

· Distributed Subcarrier Allocation - A UE is allocated a set of non contiguous subcarriers dispersed across its supported bandwidth
In this document we propose two mechanisms that can be used to achieve any of the above required resource allocations with a reasonable signalling overhead.

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 2.5 MHz bandwidth is shown in Figure 1. 
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Figure 1 : Localised & Distributed Allocation

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.
	MHz
	1.25
	2.5
	5
	10
	15
	20

	N
	3
	6
	12
	24
	36
	48

	#Bits
	3
	5
	7
	9
	10
	11


The node numbering is designed to optimise the number of signalling bits required to signal a particular resource allocation. In the example for 2.5 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 2.5 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. In addition, each user also needs to be told that the allocation is localised. 

An example of distributed allocation for the same bandwidth is also shown in Figure 1. The red user allocated chunks 1 and 5 is signalled 16 and a distributed allocation indicator. The P and O values are decoded in the same manner as in the localised transmission; however the interpretation is different with P denoting the chunk spacing and O denoting the first chunk in the distributed allocation.

Multiplexing of chunk wise distributed and localised allocation is also easily supported by this method as shown in Figure 2. The green user is allocated a localised allocation and signalled 14 which maps to chunks 2, 3 and 4. The red user is allocated a distributed chunk allocation and signalled 16 which maps to chunks 1 and 5.
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         Figure 2 : Multiplexing Localised & Distributed Allocations

Subcarrier wise distributed allocation with different spacing for different users can also be supported by the above scheme. In the above figure if subcarrier wise distributed allocation is indicated to the two scheduled users, a user signalled 16 will assume a subcarrier offset of 1 and a spacing of 4 subcarriers. A user signalled 14 will assume a subcarrier offset of 2 and a spacing of 2. Obviously multiplexing of localised and distributed allocations is not possible in such a scenario.
Although the above figures demonstrate the case for a 2.5 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 of the different UE’s. 

In order to accommodate the three possible multiplexing schemes, a multiplexing indicator needs to be signalled to the UE. An example 2 bit multiplexing indicator and the corresponding number of bits needed in case of a 5 MHz allocation is shown in Figure 3. If two different types of distributed resource allocation are not required, then the multiplexing indicator can be a single bit and the total uplink resource allocation can be informed to a 5 MHz UE using 8 bits.
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Figure 3 : Resource Allocation Method Table (5 MHz UE)
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 12 bits per 5 MHz sub-bands of the Node B’s total bandwidth. In each 5 MHz is transmitted a resource allocation type indicator (D-FDMA or L-FDMA) and a 12 bit pattern representing the resource allocation within that 5 MHz. A ‘1’ in the 12-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. In fact the first bit of the 12-bit pattern is redundant and does not need to be signalled (ie. an 11-bit value is sufficient for the pattern definition). Separating the common signalling into blocks per 5 MHz allows the Node B to schedule a UE using only a part of its band eg. a 10 MHz distributed 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 ensure 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 4.
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Figure 4 : Localised Allocation

 Figure 5 shows the demodulation process for the resource allocation for UE’s with different bandwidth capabilities camped on a wideband cell. It is assumed that all UE’s can receive at least 5 MHz bandwidth and hence can read the 12 bit pattern per 5 MHz. Each UE then uses its resource id to identify the chunks on which it has data to receive.
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Figure 5 Demodulation of Signalling Information
Since each UE receives only one Resource ID for each 5MHz band it occupies, its allocation must be contiguous or uniformly spaced within each 5MHz band. 

Since it is assumed above that at most 8 UEs are scheduled in 1 sub-frame it may appear that there is some redundancy in the 12-bit pattern definition (which allows up to 12 Resource IDs to be defined). However, even in the case that the maximum number of 8 UEs are scheduled it is still possible that some resources are not used. For example, if 8 UEs are allocated 1 chunk each and the remaining 4 unused chunks are not in a contiguous block then up to 12 Resource IDs are still needed to describe the allocation.

Examples of distributed chunk and distributed subcarrier allocations for a 5 MHz bandwidth are shown in Figure 6 and Figure 7. 
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Figure 6 : Distributed Chunk Allocation
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Figure 7 : Distributed Subcarrier Allocation
The resource allocation indication pattern is identical to the localised case, however the interpretation of the pattern is different for a distributed allocation. For each type of distributed allocation it is assumed that a maximum of twelve UE’s can be multiplexed within a 5 MHz bandwidth, identical to the localised allocation with 12 chunks within 5 MHz.

It is to be noted that in this case the Resource ID’s need to be allocated in the order of decreasing number of chunks allocated to a particular user ie. user with the most number of chunks is allocated the smallest ID and so on. This automatically ensures that the pattern starts with the user with the maximum allocation at its leftmost end. The number of chunks allocated to each user also needs to be a factor of the number of chunks allocated to every user with a lower Resource ID in order to avoid resource collision during resource signalling decoding.

At the receiver, the UE derives its allocation spacing and the number of allocated chunks from the pattern and it’s Resource ID. From the pattern each UE is also able to determine the allocation of each scheduled user. Resource determination then proceeds from the leftmost chunk starting with the allocation of the user with the largest allocation (smallest Resource ID) till the Resource ID of the concerned UE is reached. Examples of allowed resource allocation and their decoded patterns are shown in Figure 8.
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Figure 8: D-FDMA Resource Decoding
4 Comparison of Schemes
In the following table, the two proposed schemes are compared with each other and an overhead estimate is provided for each. 

The following overhead (in bits) is assumed per UE for demodulation of user data –

· Resource Allocation Duration – 2 

· Modulation Type – 2

· Antenna Information - 2

· TB Size – 8

· Redundancy Version – 2
It is assumed that all the above information except resource allocation duration is sent to the UE as in-band signalling and does not occupy the control channel resources. Obviously, in such a scenario a transport format (or an equivalent mapping to a transport format set) needs to be included in the shared control channel in order to demodulate the data resource correctly.
	
	Method 1 – Tree Based
	Method 2 – Two Stage

	Applicability
	Uplink
	Uplink

	Multiplexing localised and distributed within 5 MHz
	Yes
	No

	Common Signalling Overhead (bits/5 MHz/UE)
	0
	11 (Pattern) + (1 or 2) (Resource Type Indicator)

	Dedicated Signalling Overhead (bits/5 MHz/UE)
	(1 or 2) (Resource Type Indicator) + 2 + 7 
	2 + 3 (Resource ID) 


For N scheduled users, the number of signalling bits needed per 5 MHz is given in the table below.

	Signalling Method
	Number of Bits/5 MHz

	Method 1 – Tree Based
	(1 + 2 + 7)N = 10N

	Method 2 – Two Stage
	11 + 1 + (2 + 3)N = 12 + 5N


5 Conclusions

In this document we have described two methods for resource allocation signalling that could be considered for efficient signalling in E-UTRA. Resource overhead for each scheme has been provided and the two schemes have been compared against each other. It is proposed to keep the observations in this paper in mind when deciding on the exact resource allocation method for the E-UTRA uplink during the LTW work item.
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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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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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