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1 Introduction
One of the most important issues for downlink resource allocation is the downlink resource allocation indication scheme to support non-contiguous localized allocations which is desirable for frequency selective scheduling by which spectral efficiency can be substantially increased. A variety of approaches have been proposed for the non-contiguous localized allocations from different companies. A set of properties which have to be kept in the downlink resource allocation function were agreed upon by RAN1 [1] as follows:
· Support for distributed allocation

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

· VoIP allocation: allocations with 1 RB granularity for different VoIP UEs can be assigned at top and bottom of band in contiguous fashion,

· No unoccupied RBs due to address limitations
· Minimal frequency domain scheduling (FDS) performance loss
In this document, we compare various downlink resource allocation indication schemes in terms of FDS performance as well as signaling overhead.
2 Comparison of various DL Resource Allocation Indication Schemes
2.1 DL Resource Allocation Indication Schemes
Four different DL resource allocation indication schemes are compared from the perspective of FDS performance and signaling overhead.

Alternative 1: RB-wise Bitmap approach
This is the straightforward bitmap approach as shown in Figure 1, where each bit position in the bitmap indicates whether or not the corresponding RB has been assigned. The bitmap size, therefore, is equal to the total number of RBs in the system bandwidth. Even though no company is proposing this approach due to its excessive signaling overhead, we provide the performance of this approach as a reference for the comparison purpose, e.g., how much FDS performance would be degraded by the reduced resource allocation flexibility of other approaches.
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Figure 1. RB-wise Bitmap
Alternative 2: Grouped + Interlaced Bitmap approach [2-7]
In order to reduce signaling overhead of the RB-wise bitmap approach, bitmap with bigger unit, i.e. RB group which comprises multiple RBs, has been proposed by companies [2-7]. In addition to the RB group-wise bitmap, multiple RB-interlaces are introduced to enable the minimum addressing granularity of 1 RB anywhere in the carrier band as illustrated in Figure 2. A kind of header, or index field, is added to differentiate different kind of bitmaps from one another, i.e., among RB group-wise bitmap and bitmap for each interlace. 
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Figure 2. Grouped + Interlaced Bitmap approach
Alternative 3: Multiple Islands approach (Multiple begin-end allocations) [8]
A consecutive allocation, referred to as an “island”, is represented by a “begin point” (RB index) and a length in number of RBs indicating where the allocation ends. A downlink allocation consists of multiple such “islands” or “begin-end” allocations. The method is illustrated in Figure 1.
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Figure 3. Multiple Islands approach
Alternative 4: Island Tree approach [9]
In this structure, the RB tree nodes are signaled per subband as illustrated in Figure 4. 
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Figure 4. Island Tree approach
2.2 Performance comparison
A set of system level simulations were performed to investigate FDS performance of each resource allocation indication approach. Details of simulation assumptions are presented in Appendix. Figure 5 and Figure 6 show the performance comparison results for the case of 10 and 20 UEs per cell, respectively. The results conclude the followings:
· “Grouped + interlaced bitmap approach” almost achieves the throughput that the most flexible bitmap approach provides.
· “Multiple Islands approach” with 4 or more islands also provides comparable throughput to that of “Grouped + interlaced bitmap approach”.
· The performance degradation of the Island Tree approach compared to the reference, “RB-wise Bitmap”, is a bit larger than that of the other approaches. This is mainly because of the reduced flexibility of the resource allocation imposed by the inherent features of TREE structure in each subband, e.g., it is impossible to assign non-consecutive allocations in a subband or possible numbers of consecutive RBs to be assigned are limited in each subframe.
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Figure 5. FDS performance comparison for the case of 10 UEs per cell
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Figure 6. FDS performance comparison for the case of 20 UEs per cell
2.3 Overhead comparison
This section compares signaling overhead among the resource indication approaches discussed in the previous sections. Table 1 is the summary of required number of bits for 10 MHz system bandwidth. Note that we are interested in the 4 Islands in the Multiple Island approach from the overhead comparison point of view, since as discussed in section 2.2, 4 or more Islands provide the similar performance with the Grouped Bitmap approach. From the table, we can see that the Grouped Bitmap approach requires the least number of bits among schemes. 
Table 1. Overhead comparison of resource indication schemes
	System Bandwidth
	Grouped + Interlaced Bitmap approach
	Multiple Islands approach
	Island Tree approach
(5 islands)

	
	
	1 Island
	2 Islands
	4 Islands
	

	10 MHz
	19 bits
(RB group size: 3)
	9 bits 

(6 bits for begin and 3 bits for length)
	18 bits
(9 bits per island)
	36 bits
(9 bits per island)
	22 bits


3 Conclusion

We compared various downlink resource allocation indication schemes, “Grouped + Interlaced Bitmap”, “Multiple Islands”, and “Island Tree”, in terms of frequency domain scheduling performance as well as signaling overhead. Based on the following observations from the simulation results, we propose to adopt the “Grouped + interlaced bitmap” as the downlink resource allocation indication to support non-contiguous localized allocations.
· “Grouped + interlaced bitmap” and “Multiple Island approach with 4 or more islands” almost achieve the throughput that the most flexible bitmap approach provides, while the performance degradation of the Island Tree approach is a bit large compared to the other approaches.
· However, “Grouped + interlaced bitmap” spends less number of bits for DL resource allocation representations than the other approaches.
Table 2 shows the parameter sets for different bandwidth values.

Table 2. Parameter sets depending on the system bandwidth
	BW (MHz)
	# RBs
	Group size
	Bit map size
	Table index (bits)
	Number of bits

	1.4
	6
	1
	6
	0
	6

	1.6
	7
	1
	7
	0
	7

	3
	15
	2
	8
	2
	10

	3.2
	16
	2
	8
	2
	10

	5
	25
	2
	13
	2
	15

	10
	50
	3
	17
	2
	19

	15
	75
	3
	25
	2
	27

	20
	100
	4
	25
	3
	28
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Appendix: System level simulation assumptions
Table A-1: System simulation parameters
	Parameter
	Assumption

	Cellular layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance
	500 m

	Minimum distance between UE and cell
	35 m

	Distance dependent path loss
	128.1 + 37.6log10(R), R in kilometers

	Antenna pattern
	70 deg (-3 dB) with 20 dB front-to-back ratio

	Total BS Tx power
	46 dBm

	Penetration loss
	20 dB

	Standard deviation of slow fading
	8 dB

	Shadowing correlation between cells / sectors
	0.5 / 1.0

	Carrier frequency
	2000 MHz

	BS/UE antenna gain
	14 dB / 0dBi

	UE noise figure
	9 dB

	Thermal noise density
	-174 dBm/Hz

	Modulation scheme and Channel coding rate
	See Table 2.

	Control delay in scheduling and AMC
	3 msec (3 sub-frames)

	Scheduling algorithm
	Proportional Fair scheduling

	Effective SIR mapping function
	Exponential Effective SIR Mapping

	Packet combining method in hybrid ARQ
	Chase combining

	Number of receiver antennas
	2

	Traffic model
	Full buffer traffic

	Frequency re-use
	1

	Channel model
	Typical Urban

	UE speed
	3 km/h

	CQI feedback period
	5ms (5 TTIs)

	CQI feedback delay
	3ms (3 TTIs)


Table A-2: Modulation and coding schemes
	Modulation
	Code Rate
	Repetition Factor
	Effective Code Rate

	QPSK
	1/3
	2
	1/6

	
	1/3
	1
	1/3

	
	1/2
	1
	1/2

	16 QAM
	1/3
	1
	1/3

	
	1/2
	1
	1/2

	
	2/3
	1
	2/3

	64 QAM
	1/2
	1
	1/2

	
	2/3
	1
	2/3

	
	4/5
	1
	4/5
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