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1. Introduction

In [1], resource allocation type 0 and type 1 are defined. Both types use bitmaps to indicate resources allocated to a UE within PDCCH format 1 or 2. A UE can be allocated up to the whole downlink bandwidth using type 0 or the whole subset bandwidth using type 1. However, the situation that a UE occupies almost all the bandwidth doesn’t usually occur, at least for the type 0 case. This causes waste because some combinations of the bitmap rarely occur. For example, if the bandwidth allocated to a UE is less then half of the whole bandwidth, at least half of the combinations don’t occur. The waste becomes more obvious when the upper limit of bandwidth allocated to one UE is less. In [1], a value is signaled from UE to e-Node B in UE-selective mode CQI report. Fixed-numbered sub-bands are reported and the value is used to indicate which sub-bands UE select to report.
In this contribution, the value r used in UE-selective CQI report is extended to indicate different numbers of sub-bands, from 1 sub-band to the upper limit of sub-band number M, and can be used to allocate resource to a UE. The alternative mapping between r values and resource allocations is presented and the number of bits saved is also discussed. Using this method as an alternative is helpful to reduce the PDCCH overhead. It can be noted that the method provides the same schedule flexibility as bitmap does. 

2. Discussion 

Assume there are N sub-bands available to allocate a UE, and M is the maximum number of sub-bands for a UE. The term sub-band here is defined as a resource block group for allocation type 0 case or a resource block in a subset for allocation type 1 case. The extended value r can be defined to indicate which sub-bands are allocated to the UE. 
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K is the actual number of sub-bands allocated to the UE and 
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 is the sorted indices of sub-band that is allocated to the UE where 
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We can notice that the total number of r values is 
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 which is the same as the number of all possible combinations to allocate no more than M sub-bands to a UE. The mapping between r value and resource allocation to a UE is one-on-one.

For example, if N is 9,  M is 4, and the first and the fifth sub-bands are allocated to a UE, i.e. K=2, 
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are used to compute r. The r value results in
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Fig.1 below shows the range of r value and the mapping between numbers of allocated sub-band and the corresponding ranges of r values.
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Fig.1 the ranges of r values and the corresponding numbers of allocated sub-band for N=9, M=4

Through above derivation, the computed value can be used to allocate resource to a UE. Alternative resource allocation types can be defined by replacing bitmap of allocation type 0 or type 1 with the binary representation of the r value, resulting in allocation type 0A or type 1 A. The two alternative allocation types are more compact and have the same flexibility as bitmap under the bandwidth upper limit. The number of bits required is reduced from N to 
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 which is computed in Table.1 and Table.2. It is shown that around 1/3 to 1/4 bits are saved when the bandwidth upper limit is 1/4 of the downlink bandwidth.

	N
	28
	28
	28
	28

	Maximum allocated SB per UE
	7
	9
	13
	28

	Maximum allocated BW

Per UE
	5.04MHz(0A)

1.25MHz(1A)
	6.48MHz(0A)

1.62MHz(1A)
	9.36MHz(0A)

2.34MHz(1A)
	20MHz(0A)

5MHz(1A)

	Number of bits required
	21
	24
	27
	28


Table.1 The number of bits required for allocation type 0A and 1A for NRB=110, P=4 

	N
	13
	13
	13
	13

	Maximum allocated SB per UE
	3
	4
	5
	13

	Maximum allocated BW

Per UE
	1.62MHz(0A)

0.54MHz(1A)
	2.16MHz(0A)

0.72MHz(1A)
	2.7MHz(0A)

0.9MHz(1A)
	7.02MHz(0A)

2.34MHz(1A)

	Number of bits
	9
	11
	12
	13


Table.2 The number of bits required for allocation type 0A and 1A for NRB=39, P=3

The resource allocation type 0A and type1A can be used as alternatives and cooperate with the original allocation type 0 and type1. There may be  one bit to indicate whether type 0&1 or type 0A&1A are used. Otherwise this may be configured by e-Node B.

3. Conclusion

The proposed modified allocation type can be applied to PDCCH format 1, substituting the bitmap allocation type. In case the resource required by a UE is higher than the upper limit of the modified PDCCH format 1, PDCCH format 1A can be used. For PDCCH format 2, which suffers the most overhead, the proposed allocation type can be treated as an alternative to cooperate with the current allocation type. By modifying resource allocation types, the overhead of PDCCH can be reduced under the assumption of upper limit of bandwidth allocated to a UE. With this assumption, the defined allocation types provide the same flexibility as bitmap does. 
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