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1. Introduction
This contribution, which is to be seen as a continuation of [1] and [2] will present some equations describing the equations needed for the encoding of the PRB allocations indicated in [2]. It is our opinion that this way of encoding allocations will cover all the requirements presented in [3], while at the same time, the proposed algorithm has a format such that it will allow adapting to the available CQI reporting bandwidth.
2. Equations for the encoding of the PRB allocation map
In this section we will present an encoding scheme, which will provide a set of equations, which will be able to map from a vector of allocated PRB indices to a PRB allocation codeword, which will uniquely identify the allocated resources.
The intermediate codeword containing the resource allocation map can be generated using the following equations:
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and where:

M = Number of PRBs allocated,

x = vector of indices of allocated PRBs (x1 ... xM)

NPRB = Number of placement possibilities

Now, based on the intermediate codeword, CWi, we can calculate the offset value for the codeword as:
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where

NPA is a vector of ‘Number of PRBs Allocated’ divided by the ‘allocation granularity’ from shown in Table 1, and
APP is the number of Allocation Placement Possibilities, also from Table 1, and

N is the index for the current allocation.

It should be noted that the value ‘M’ in the first equation is the same as the number of PRBs allocated divided by the allocation granularity for entry ‘N’ in the table. Table 1 is slightly modified from [2].

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
	PRB allocation divided by allocation granularity (NPA)
	Allocation placement possibilities (APP)
	Signalling possibilities

	1
	1
	1
	50
	50

	2
	1
	2
	50
	1225

	3
	1
	3
	50
	19600

	4
	1
	4
	50
	230300

	5
	1
	5
	50
	2118760

	6
	2
	3
	25
	2300

	8
	2
	4
	25
	12650

	10
	2
	5
	25
	53130

	12
	2
	6
	25
	177100

	14
	2
	7
	25
	480700

	16
	2
	8
	25
	1081575

	18
	2
	9
	25
	2042975

	20
	2
	10
	25
	3268760

	22
	2
	11
	25
	4457400

	24
	2
	12
	25
	5200300

	The following entries are symmetrical to the above

	50
	1
	50
	50
	1

	
	
	
	
	

	Total combinations
	
	
	
	38293651

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


It should be noted that these equations are simply a more precise formulation of the principles presented in [2], section 4.1.
In order to provide a consistent mapping for each system bandwidth, we would need to specify a set of vectors of NPA and APP.

3. Evaluation related to the requirements in [3]

In this section we make a short discussion of the way that the proposed algorithm fits to the requirements that are outlined in [3].

1 - Distributed allocations: Allocation with 1 RB granularity at a part of the band (e.g. top, middle, and bottom or RBs sampled across the band) to a single UE. Support for DVRB.

· As shown above, the algorithm will provide distributed allocations with a 1 RB granularity up to 5 RB allocations. This should provide sufficient diversity across the frequency band. If larger allocations are applied, we still provide a minimum of 3 RB groups diversity.

2 – Peak Rate: all RBs can be allocated to a single UE to achieve the peak data rate,

· As a single user can be allocated the full bandwidth, this is fulfilled.

3 – Minimum RB Allocation:  minimum addressing granularity of 1 RB anywhere in the carrier band,

· Also accomplished through the 1 RB granularity option.
4 – VoIP allocation: allocations with 1 RB granularity for different VoIP UEs can be assigned at top and bottom of band in contiguous fashion,

· This is possible with 4 or 5 RB allocations. The question is whether it is crucial that the assignments are placed at each end of the transmission band. In our opinion it is more crucial that we can place the VoIP users for maximum diversity, that is, same arguments as for (1).

5 – Unoccupied RBs: for a given subframe some RBs cannot be assigned due to addressing limitations,

· This will in some cases not be possible to fulfil, as we might experience lack of traffic. But under the assumption of full buffers and no blocking on the control channel , we will always be able to fill up the resource allocation map.

6 – Minimal FDS performance loss: Lack of RB granularity or insufficient # of “Islands” can reduce FDS performance

· As we have targeted to match the allocation options to the expected CQI reporting granularity, we expect that the FDPS performance of this scheme will be near-optimum (under the constraints given by the CQI reporting granularity). It is our opinion that the PRB allocation scheme should be tightly connected to the CQI reporting scheme and corresponding granularity.
4. Discussion and Proposal

Given the requirements presented in [3], we have shown that our proposal is expected to fulfill all the needed requirements. Further, we would like to emphasize that there should be a tight coupling between the CQI reporting granularity and the corresponding default PRB allocation granularity. Thus we would like to recommend that the suggested allocation scheme is adopted for the PRB allocation signalling.
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6. Appendix

Vectors used for encoding of PRB allocations for different system bandwidths are given below:
5 MHz system bandwidth:

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. 5 MHz system BW considered here.

	Number of PRBs allocated
	Allocation granularity
	PRB allocation divided by allocation granularity (NPA)
	Allocation placement possibilities (APP)
	Signalling possibilities

	1
	1
	1
	25
	25

	2
	1
	2
	25
	300

	3
	1
	3
	25
	2300

	4
	1
	4
	25
	12650

	5
	1
	5
	25
	53130

	6
	2
	3
	12
	220

	8
	2
	4
	12
	495

	10
	2
	5
	12
	792

	12
	2
	6
	12
	924

	14
	2
	7
	12
	792

	16
	2
	8
	12
	495

	18
	2
	9
	12
	220

	20
	1
	20
	25
	53130

	21
	1
	21
	25
	12650

	22
	1
	22
	25
	2300

	23
	1
	23
	25
	300

	24
	1
	24
	25
	25

	25
	1
	25
	25
	1

	
	
	
	
	

	Total combinations
	
	
	
	140749

	Needed signalling bits
	
	
	Ceil(log2(140749))
	18


10 MHz system bandwidth:

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
	PRB allocation divided by allocation granularity (NPA)
	Allocation placement possibilities (APP)
	Signalling possibilities

	1
	1
	1
	50
	50

	2
	1
	2
	50
	1225

	3
	1
	3
	50
	19600

	4
	1
	4
	50
	230300

	5
	1
	5
	50
	2118760

	6
	2
	3
	25
	2300

	8
	2
	4
	25
	12650

	10
	2
	5
	25
	53130

	12
	2
	6
	25
	177100

	14
	2
	7
	25
	480700

	16
	2
	8
	25
	1081575

	18
	2
	9
	25
	2042975

	20
	2
	10
	25
	3268760

	22
	2
	11
	25
	4457400

	24
	2
	12
	25
	5200300

	26
	2
	13
	52
	5200300

	28
	2
	14
	25
	4457400

	30
	2
	15
	25
	3268760

	32
	2
	16
	25
	2042975

	34
	2
	17
	25
	1081575

	36
	2
	18
	25
	480700

	38
	2
	19
	25
	177100

	40
	2
	20
	25
	53130

	42
	2
	21
	25
	12650

	44
	2
	22
	25
	2300

	45
	1
	45
	50
	2118760

	46
	1
	46
	50
	230300

	47
	1
	47
	50
	19600

	48
	1
	48
	50
	1225

	49
	1
	49
	50
	50

	50
	1
	50
	50
	1

	Total combinations
	
	
	
	38293651

	Needed signalling bits
	
	
	Ceil(log2(38293651))
	26


20 MHz system bandwidth:

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, and even further when more than 10 PRBs are allocated. 20 MHz system BW considered here.

	Number of PRBs allocated
	Allocation granularity
	PRB allocation divided by allocation granularity (NPA)
	Allocation placement possibilities (APP)
	Signalling possibilities

	1
	1
	1
	100
	100

	2
	1
	2
	100
	4950

	3
	1
	3
	100
	161700

	4
	1
	4
	100
	3921225

	5
	1
	5
	100
	75287520

	6
	2
	3
	50
	19600

	8
	2
	4
	50
	230300

	10
	2
	5
	50
	2118760

	12
	4
	3
	25
	2300

	16
	4
	4
	25
	12650

	20
	4
	5
	25
	53130

	24
	4
	6
	25
	177100

	28
	4
	7
	25
	480700

	32
	4
	8
	25
	1081575

	36
	4
	9
	25
	2042975

	40
	4
	10
	25
	3268760

	44
	4
	11
	25
	4457400

	48
	4
	12
	25
	5200300

	52
	4
	13
	25
	5200300

	56
	4
	14
	25
	4457400

	60
	4
	15
	25
	3268760

	64
	4
	16
	25
	2042975

	68
	4
	17
	25
	1081575

	72
	4
	18
	25
	480700

	76
	4
	19
	25
	177100

	80
	4
	20
	25
	53130

	84
	4
	21
	25
	12650

	88
	4
	22
	25
	2300

	90
	2
	45
	50
	2118760

	92
	2
	46
	50
	230300

	94
	2
	47
	50
	19600

	95
	1
	95
	100
	75287520

	96
	1
	96
	100
	3921225

	97
	1
	97
	100
	161700

	98
	1
	98
	100
	4950

	99
	1
	99
	100
	100

	100
	1
	100
	100
	1

	Total combinations
	
	
	
	197042091

	Needed signalling bits
	
	
	Ceil(log2(197042091))
	28
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