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1 Introduction

The downlink L1/L2 control signalling is required to carry both downlink and uplink resource allocation information for a scheduled E-UTRA 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. Current working assumption in RAN1 is to use a bit map method to signal the resource allocation to each UE in the EUTRA downlink. However, due to the high overhead of the bitmap based approach (one bit per physical resource block i.e. 50 bits in 10 MHz as per current assumption), efficient methods to reduce the signaling load are very desirable.

In this document, we propose a method of signaling downlink resource block allocation that requires a bit overhead less than that of a bitmap method. The proposed method can handle the following resource allocation:
· Discontinuous units of localized allocation: A UE is allocated multiple discontinuous localized allocations where each localized allocation is a certain number of contiguous resource blocks (RBs).
The method can be realized into three alternatives which are described in the following sections.  In addition, fair comparisons between them and to bit map method are provided at the end sections.
2 Alternative 1: Linked Discontinuous Resource Allocation Signalling included in the Scheduled Resource Blocks 
The proposed method is shown in Figure 1 for the case when a UE is scheduled to receive data on three discontinuous localised resource block allocations (RED user). This figure shows the case for individually coded control channels. Please note that we are not proposing here any multiplexing scheme for the downlink L1/L2 control channels.
Each UE monitors a set of fixed size shared control channels which indicate the resource allocation for the first localised set only. Information about subsequent localised allocations within the same TTI is provided within the resource blocks of the current allocation.
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Figure 1: Alternative 1, Linked Discontinuous Resource Allocation Signalling included in the Scheduled Resource Blocks.
As an example in the above figure, the shared control channel indicates the resource allocation for the first localised allocation within the TTI. An optimised tree-based method for signalling contiguous allocations have already been proposed [2] which can be adopted to signal this information. As per the current working assumption in 3GPP, there are 50 resource blocks within a 10 MHz bandwidth leading to an 11 bit resource allocation signalling using the tree-based method. In addition to the resource allocation information, the shared control channel also needs to contain an indicator indicating presence/absence of subsequent resource allocation information within the scheduled data block. This bit is henceforth called the “Follow Up” bit but can obviously be called anything else. Thus, a length 12 bit string (assuming 10 MHz UE capability) following the UE ID within the shared control channel can contain information about the first allocated resource and an indication of the presence of additional resources within the same TTI.
The indication of the presence of additional discontinuous resources within the TTI is called a “Follow Up” bit within the shared control channel.  For 10MHz bandwidth, 11 bit resource allocation information together with the “Follow Up” bit (total of 12 bits) can be called a “Control RFI” within the shared control channel, where RFI is the resource format indicator.

 It is to be noted that the shared control channel carries also a transport format indicator (TFI) for the data in order UE to demodulate its data accurately. 
If the “Follow Up” bit in the control RFI of the shared control channel is 1, it indicates linked resource allocation. In that case UE should expect an additional data and control RFI in the first localised allocation. 
In the same manner, if the “Follow Up” bit in this control RFI is 1, it indicates that there is a data and control RFI present in the subsequent localised allocation and 0 indicates otherwise. This method of indication proceeds, until the last localised allocation within the TTI is reached.

The data and control RFI (if present) in the first localised allocation can be encoded together in order to achieve a larger coding gain. However, it is better to encode the control RFI separately for a reliable detection at the cell edge as there is no HARQ retransmission for the control part.
3 Alternative 2: Concatenated Discontinuous Resource Allocation Signalling included in the Scheduled Resource Blocks
In an alternative manifestation, all of the subsequent control RFI’s are combined and included within the first discontinuous localised resource allocation or the one with best CQI, i.e. the best channel condition. Such a possibility is shown in Figure 2. The potential advantage of this method is the larger coding gain due to the concatenation of all the control RFI’s of the discontinuous localised allocations. However, since the number of control RFI’s in a TTI is dynamic and will depend on the number of discontinuous localised allocations assigned to the user by the scheduler, an additional field will be needed within the main shared control channel to indicate the size of the concatenated control RFI’s. For example, 2-bit and 3-bit in the main shared control channel may be enough to indicate up to 3 and 7 discontinuous localised allocations for 5MHz and 20MHz bandwidths respectively. In that case, “Follow Up” bit is not needed. 
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Figure 2: Alternative 2, Concatenated Discontinuous Resource Allocation Signalling included in the Scheduled Resource Blocks
4 Alternative 3: Dynamic Switching between Alternative 2 and Bit mapping method included in the Scheduled Resource Blocks

It is obvious that, in the case of alternative 2, when the number of discontinuous localised allocations increases the number of signalling information bits also increases and can eventually exceed the number required for the bit map method. However, when this limit is reached we can place a bit map in the first allocated data region instead of the list of RFI fields. This can be indicated by reserving one value of the ‘number of RFIs’ field in the shared control channel. An example is shown in Table 1 for the case of 20 MHz.

Table 1. Concatenation Indicator field included in the shared control channel. 

	000
	No additional control RFI is present

	001
	1 additional control RFI is present

	010
	2 additional control RFIs are present

	:
	

	110
	6 additional control RFIs are present

	111
	More than 6 additional control RFIs are present, and are indicated using a bit map in the first allocation.


5 Signalling Overhead Comparison to Bit map method

This section provides an overhead estimate of each alternative compared to bit map method. 
Table 2 shows the number of information bits (i.e. no channel coding) required on the shared control channel and in the data part for each method, atl1 to alt3. In Table 2, y is the number of discontinuous allocations to be signalled, x is the number of bits needed to signal one resource allocation using the ‘tree-based’ method and n is the number of bits needed using the bit map method (see Table 3).

In the case of alt3, one of the two options is selected each TTI according to the value of y, in order to minimise the number of bits required.

Table 2. Signalling overhead estimation without Discontinuous allocations for all bandwidths

	
	Alt1
	Alt2
	Alt3

	
	
	
	When RFI is signalled
	When bit map is signalled

	Shared Control Channel
	
	
	
	

	    RB indicator
	x
	x
	x
	x

	    ‘Follow-up’bit
	1
	
	
	

	    ‘Concatenation Indicator’
	
	3
	3
	3

	Data Channel
	
	
	
	

	    RB indicator
	x(y-1)
	x(y-1)
	x(y-1)
	n

	    ‘Follow-up bit’
	(y-1)
	
	
	

	    CRC
	8(y-1)
	8  if y>1

0 otherwise
	8  if y>1

0 otherwise
	8

	Total
	(x+9)y-8
	x + 3, if  y=1
x.y + 11, y>1

	x + 3, if  y=1
x.y + 11, y>1
	 x + n+11


Table 3. Number of bits needed to signal one allocation 
	Bandwidth (MHz)
	1.25
	2.5
	5
	10
	15
	20

	Bit map Method 

(n bits)
	6
	12
	25
	50
	75
	100

	Tree-Method 
 (x bits) 
	5
	7
	9
	11
	12
	13


Figure 3a and b compare these three alternatives with the bit map method for 5MHz and 20MHz respectively, using the equations in Table 2. It can be seen from the Figure 3b in the case of 20MHz, alt2 uses fewer bits than the bit map method if the number of discontinuous allocations is below eight. However, in the 5MHz case (Figure 3a), alt2 uses more bits than the bit map method with only two discontinuous allocations.

In the case of alt3, the bit map mode becomes more efficient when the number of discontinuous allocations reaches 3, 5, 7 and 8 for 5MHz, 10MHz, 15MHz and 20MHz respectively. 
It should be noted that UE will not always be assigned a large number of discontinuous localised allocations. In most of the cases, a small number of discontinuous localised allocations might be assigned. In that case, a lot of signalling bits will be saved compared to when full bit map method is always used.
[image: image3.emf]1 1.5 2 2.5 3 3.5 4

10

20

30

40

50

60

70

Number of Discontinuous Resource Allocations

Number of signalling information bits

Alt1 5MHz

Bit Mapping Method 5MHz

Alt3 5MHz

Alt2 5MHz

Bit mapping method 25 bits


 
Figure 3a. Overhead estimation of the signalling information bits for 5MHz bandwidth.
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Figure 3b. Overhead estimation of the signalling information bits for 20MHz bandwidth.
6 Conclusions

In this document, we have proposed one method with three different alternatives for signalling discontinuous localised resource allocations applicable to the EUTRA downlink. It is shown that alternative 3 achieves significant reduction in control signalling overhead compared to when full bitmap signalling is always used. Hence, we propose to adapt such method for LTE DL resource assignment.
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