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1 Introduction
Using the outcome from the Athens meeting [1] as a starting point we have made some considerations on how to provide a compact resource allocation signalling format which will be able to provide the needed flexibility as described in [1]. This contribution should be viewed as a further development of the considerations mentioned in [2], [3], and [4].
2 Resource signalling options
In this contribution we have focused on the the full size allocaiton, whcich in [1] is described as (exported from the slide set):

“Full size” DL allocation:

· Downlink allocation consists of two parts

· Part 1: ”header” information how to interpret the PDCCH
· Described which of the two appraoches the bitmap applies to
· Approach 1
· Appraoch 2
· Part 2: indication which (groups of) RBs to receive
· Number of bits depends on system bandwidth

Approach 1:

· Grouping of RBs (in frequency domain)
· Group size may depend on system BW 
· Bitmap indicates the RB groups to use
· At most 32 bits for 110 RB system BW
· At most 14 bits for 25 RB system BW
· Appraoch 1 sets the limit on control signaling overhead, approach 2 should result in as much flexibility as possible within this limit

Approach 2:

· Divide system bandwidth into subsets of (possibly overlapping) RBs
· Typically multiple subsets in the system BW but for small system BWs there might be only a single subset
· Subset index signaled as part of the PDCCH contents
· For the island approach, this is the starting position of an island
· For subsamplig, it is the index of the subsamplig set
· Allocation information consists of
· Indication of which subsets the information applies
· Indication which RBs in the subsets that are used
· FFS if indication is bitmap or some other scheme

As we see the situation there are two base signalling structures, which will provide the needed flexibility while still following the principles described above. These will be described in the following sections.
3 Fixed size header

With a fixed size header, we will have a structure, which has a constant size header to indicate the interpretation of the following bit field. One approach for this could be as is shown in Table 1 and Table 2, which are based on bandwidth reduction factors of 2 and 3 respectively. It should be noted that both headers will have the size of 3 bits no matter which bandwidth reduction scheme is used. The associated bitmap will occupy ceil(NRB/k) bits, where ‘NRB’ is the number of resource blocks for the system bandwidth, and ‘k’ is the corresponding bandwidth reduction factor.

Table 1 Fixed size header content for grouping of resources based on bandwidth division by a factor of 2.
	Header value
	Bit map interpretation

	0
	Full bandwidth, Grouping of 2 adjacent PRBs for each bit in the bitmap

	1
	Reduced bandwidth, sub-sampling by a factor of 2. Offset = 0.

	2
	Reduced bandwidth, sub-sampling by a factor of 2. Offset = 1.

	3
	Reduced bandwidth by a factor of 2, island approach. Offset = 0.

	4
	Reduced bandwidth by a factor of 2, island approach. Offset = ½ of system BW.

	5
	Not used (but could be defined for another island).

	6
	Not used (but could be defined for another island).

	7
	Not used (but could be defined for another island).


Table 2 Fixed size header content for grouping of resources based on bandwidth division by a factor of 3.
	Header value
	Bit map interpretation

	0
	Full bandwidth, Grouping of 3 adjacent PRBs for each bit in the bitmap

	1
	Reduced bandwidth, sub-sampling by a factor of 3. Offset = 0.

	2
	Reduced bandwidth, sub-sampling by a factor of 3. Offset = 1.

	3
	Reduced bandwidth, sub-sampling by a factor of 3. Offset = 2.

	4
	Reduced bandwidth by a factor of 3, island approach. Offset = 0.

	5
	Reduced bandwidth by a factor of 3, island approach. Offset = 1/3 of system BW.

	6
	Reduced bandwidth by a factor of 3, island approach. Offset = 2/3 of system BW.

	7
	Not used (but could be defined for another island).


4 Dynamic header structure

One of the disadvantages of the fixed size header structure in the previous section is that expanding the number of options will introduce a larger number of states for the header, which in some cases will cause the amount of header bits to grow.
However, if we allow for the RB grouping factor to be larger than the bandwidth reduction factor, we can reduce the total number of bits required. To illustrate this, consider the case where we have a 10 MHz system bandwidth. For this configuration we would recommend to use a grouping factor of 2, while we would use a bandwidth reduction factor of 3. This principle is shown in Figure 1. From the figure it is seen that we have a single bit (red field) to indicate whether we are using approach 1 or approach 2. In the figure, we have used the value ‘1’ to indicate that RB grouping should be used. When approach 1 is used, the following bit field becomes a simple indication of which adjacent RBs are scheduled for the user being addressed. In case approach 2 is used, we have the  In case approach 2 is chosen, we use some of the available bits as a new header to indicate the approach for the remaining bitmap. As shown in the figure, we have reserved 2 bits (yellow) to indicate which island approach is in use (3 possibilities), while the remaining state/possibility is used to indicate that we are actually using a sub-sampling approach. (now with a sub-sampling factor of 3, so we need less signalling bits for indicating which resources are actually being scheduled. When we are using sub-sampling, we need to indicate which sub-sampling offset we use, and for this we further need 2 bits (as we assume a sub-sampling of 3 in this case).
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Figure 1 Illustration of the dynamic header structure for the 10 MHz system bandwidth case (50 RBs to allocate). The red header bit indicates whether approach 1 or approach 2 is used. The yellow header for approach 1 indicated which island state to use, and might indicate that we are using sub sampling. If we use sub sampling, the green header indicates which sub sampling offset is used in the following bitmap.

This dynamic header scheme presents a compact representation, which is capable of providing flexible shifting between the different approaches, including both sub sampling as well as the bandwidth reduction approach. The only thing that is needed for this approach to be feasible is that the bandwidth reduction factor is larger than the grouping factor.
It should be noted that in the example above we have utilized the possibility to increase the bandwidth for the island approach such that nearly half of the bandwidth is still given for the island approach.
5 Comparison of the two schemes

To provide a comparison between the two approaches, we have estimated the needed amount of resource allocation bits needed for each approach and system bandwidth provied certain grouping factors and bandwidth reduction factors. These values are shown in Table 3 and Table 4, where it is seen that the dynamic header reduces the signalling bit requirement for the given scenarios.
Table 3 Required signalling bits for the fixed header case for different system bandwidths
	System bandwidth
	Number of RBs
	Reduction factor
	Number of bits needed for resource allocation (including header)

	20 MHz
	100
	4
	29

	20 MHz
	100
	3
	37

	15 MHz
	75
	3
	28

	15 MHz
	75
	2
	41

	10 MHz
	50
	3
	20

	10 MHz
	50
	2
	28

	5 MHz
	25
	2
	16

	2.5 & 1.4 MHz
	Bitmap


Table 4 Required signalling bits for the dynamic header case for different system bandwidths
	System bandwidth
	Number of RBs
	RB grouping factor
	BW reduction factor
	Number of bits needed for resource allocation

	20 MHz
	100
	4
	5
	26

	20 MHz
	100
	3
	4
	35

	15 MHz
	75
	3
	4
	26

	15 MHz
	75
	2
	3
	39

	10 MHz
	50
	3
	4
	18

	10 MHz
	50
	2
	3
	26

	5 MHz
	25
	2
	3
	14

	2.5 & 1.4 MHz
	Bitmap


6 Conclusions
From the above tables (Table 3 and Table 4), it is seen that it is indeed possible to have a signalling structure, which will provide a simple and efficient resoruce allocation structure. Based on the fact that we can provide small resource allocation overhead while still maintaining all scheduling options, we would recommend to use the dynamic header structure for the resource allocation grants in LTE.
Further, we would suggest that we apply a strategy such that the RB grouping factor is scaled by the system bandwidth. In this way the dynamic header structure will provide a fixed size resource allocation size of 26 bits for system bandwidths of 10 MHz and above. 
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