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1. Introduction
In the following contribution, we have looked into means for effectively signalling the resource assignments for downlink allocations. There is a general understanding that the physical resource allocation signalling will be one of the larger entities in the downlink control channel. Further, it is observed that this entity will scale by the system bandwidth, such that this part of the control channel will take most of the resources for the higher system bandwidths. Therefore it is important that we have a solution that is effective as well as flexible in terms of providing the needed flexibility for the frequency domain packet scheduling.
2. Initial Discussion

2.1. General principle
As a stated above, the main criteria for the resource allocation signalling is efficiency as well as flexible frequency domain packet scheduling support. For our thinking we have used the following design criteria for the downlink PRB allocation signalling:

· First of all, we would like to reduce the resource allocation overhead in order to reduce the signalling load for the L1/L2 control channel (optimization of the resource signalling).

· Secondly, we need to be able to address small physical resources for diversity transmission, which means that we should be able to allocate multiple non-adjacent “single PRB”s to a given user to provide diversity over the frequency band.

· Thirdly, we should be able to fill up the frequency band with remaining allocations to ensure efficient utilization of the resources (effectiveness of the frequency domain packet scheduling).

· And finally, we also need a solution, which scales well with bandwidth (at least for the higher system bandwidths, where the resource allocation information requires the most of the L1/L2 control channel capacity).
Now, taking these design criteria, we will have to make some choices related to the configuration of the resource allocation signalling. The numbers given here are just example values, and further studies should be performed to find the best values for the parameters.
· For a given low number ‘k’ of PRBs being allocated, we will allow full flexibility in the resource allocations. This will provide the flexibility for diversity transmissions, where an example value of kmax would be 5. This will provide a 5th order diversity on top of the 2nd order diversity provided by the 2 RX antennas.
· If this low number of PRBs (kmax) is exceeded, we will switch to a different resolution for the resource allocation (the PRBs are grouped in pairs of 2, for example). One option here could be to align the grouping to the CQI reporting bandwidth.
· If a very high number of PRBs are being allocated we will also allow for the full flexibility in order to fill up the system bandwidth with allocations (useful when considering few users in the system).

The general idea here is that we want to provide an equal flexibility in terms of allocating resources in terms of high data rate users as well as for low data rate users. This is for instance seen, if we for the 10 MHz case have a user which needs 5 PRBs distributed over the frequency domain (for maximum diversity), and another user which is experiencing good channel conditions and can support a high instantaneous data rate. For this case, we would like to provide the rest of the PRBs to this user.

To illustrate the general principle, please consider Table 1, where we have given the allocation combinations in terms of number of signalling possibilities for each number of allocated PRBs. The number of possibilities have been calculated using the “n choose k” equation:
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, where n is the number of placement possibilities, and k is number of samples for signalling.

Table 1 Example of resource allocation signalling possibilities for different number of PRBs allocated. Note that the resolution stepping is increased when more than 5 PRBs are allocated. 10 MHz system BW considered here.
	Number of PRBs allocated
	Allocation granularity
	Allocation placement possibilities
	Signalling possibilities

	1
	1
	50
	50

	2
	1
	50
	1225

	3
	1
	50
	19600

	4
	1
	50
	230300

	5
	1
	50
	2118760

	6
	2
	25
	2300

	8
	2
	25
	12650

	10
	2
	25
	53130

	12
	2
	25
	177100

	14
	2
	25
	480700

	16
	2
	25
	1081575

	18
	2
	25
	2042975

	20
	2
	25
	3268760

	22
	2
	25
	4457400

	24
	2
	25
	5200300

	26
	2
	25
	5200300

	28
	2
	25
	4457400

	30
	2
	25
	3268760

	32
	2
	25
	2042975

	34
	2
	25
	1081575

	36
	2
	25
	480700

	38
	2
	25
	177100

	40
	2
	25
	53130

	42
	2
	25
	12650

	44
	2
	25
	2300

	45
	1
	50
	2118760

	46
	1
	50
	230300

	47
	1
	50
	19600

	48
	1
	50
	1225

	49
	1
	50
	50

	50
	1
	50
	1

	
	
	
	

	Total combinations
	
	
	38293651

	Needed signalling bits
	
	Ceil(log2(38293651))
	26 (compared to 50)


One immediate observation that is found from Table 1 is that there is a high level of symmetry due to the requirements of being able to fill up the spectrum for a high peak data rate user. Thus we could potentially use one bit to indicate allocations/non-allocations, thus alleviating the need for indicating the latter half of the table.

2.2. Signalling approach for each amount of PRB allocation.

This section will describe a bit on the thinking on how to signal the combinations of within each line of Table 1. Essentially, the problem of indicating 3 PRBs out of 50 possible locations boils down to the known combinatorial  problem of choosing ‘k’ samples from a set of ‘n’ samples. 
To illustrate this problem, consider the case where we have to place/indicate 2 PRBs out of 5 possible locations. This corresponds to 10 possible ‘states’ in terms of signalling. These states are shown in Table 2, where it is seen that there is a high degree of systematic ordering of the possibilities, such that it should be possible to device a simple and unitary mapping from actual allocations to a signalling value and back again.
Table 2 Simple example of indicating 2 PRBs from a maximum set of 5 PRBs
	PRB index
	1
	2
	3
	4
	5

	Value 0
	1
	1
	0
	0
	0

	Value 1
	1
	0
	1
	0
	0

	Value 2
	1
	0
	0
	1
	0

	Value 3
	1
	0
	0
	0
	1

	Value 4
	0
	1
	1
	0
	0

	Value 5
	0
	1
	0
	1
	0

	Value 6
	0
	1
	0
	0
	1

	Value 7
	0
	0
	1
	1
	0

	Value 8
	0
	0
	1
	0
	1

	Value 9
	0
	0
	0
	1
	1


2.3. Expanding to higher bandwidths.

A similar exercise can be made for the 20 MHz BW (corresponding to 100 PRBs), where it can be seen that the number of bits needed for resource allocations in a similar way will become 51 bits compared to the 100 bit mask, which would otherwise be needed to have the full resolution. 

2.4. Further considerations

During this thinking related to the resource allocation signalling, we have also considered the option of changing the allocation granularity once more (i.e. also supporting allocation of resources in sets of 4 neighbouring PRBs to users), when allocating a high number of PRBs for a given UE. However, such a solution is expected to degrade the system performance, as we now put a restriction that 4 PRBs needs grouping when allocating many PRBs for a single UE. An example scheme for 20 MHz system bandwidth is shown in the next table.
	Number of PRBs allocated
	Allocation granularity
	Allocation placement possibilities
	Signalling possibilities

	1
	1
	100
	100

	2
	1
	100
	4950

	3
	1
	100
	162700

	4
	1
	100
	3921225

	5
	1
	100
	75287520

	6
	2
	50
	1960

	8
	2
	50
	230300

	10
	2
	50
	2118760

	12
	4
	25
	2300

	16
	4
	25
	12650

	20
	4
	25
	53130

	24
	4
	25
	177100

	28
	4
	25
	480700

	32
	4
	25
	1081575

	36
	4
	25
	2042975

	40
	4
	25
	3268760

	44
	4
	25
	4457400

	48
	4
	25
	5200300

	The rest follows by symmetry
	
	
	

	
	
	
	

	Total combinations
	
	
	197042091

	Needed signalling bits
	
	Ceil(log2(197042091))
	28 (compared to 100)


Additionally, as can be seen when considering the signalling options for the different system bandwidths, this approach provides the most saving when applied to higher bandwidths, so it should be FFS whether to apply this for all bandwidths, or if the method should only be applied for bandwidths of 5 MHz and above.

3. Proposal

Given the discussions presented in this document, we have found that by approaching the resource allocation signalling problem using combinatorial analysis, we can achieve significant savings while at the same time providing sufficient signalling flexibility in terms of frequency domain packet scheduling. Following this, we suggest that the signalling approach presented here is adopted for the PRB allocation signalling.
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