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1. Introduction
We agreed on the following things for resource allocation in RAN1#50 meeting [1].
1. The header information indicates which approach below is used.
2. Approach 1: Grouping of RBs (in frequency domain)

· The bitmap size is at most 32 bits for 110 RB system BW and 14 bits for 25 RB system BW

3. Approach 2: Divide system bandwidth into subsets of (possibly overlapping) RBs
In approach 2, there are mainly two alternatives; the sub-sampling method and the island based method.

In this contribution, we firstly evaluate which RB group granularity is the best in approach 1 and secondly decide which method is better as approach 2.
2. Overview of methods
(1) Approach 1: RB grouping [2-5]
In this method, neighboring resource blocks are grouped. The concept is described in the figure 1. The scheduler can select any RB groups with its granularity. The allocation information is signaled with bitmap format. With this method, the bitmap size can be reduced because the scheduler doesn’t use RB granularity but RB group granularity. The size can be expressed Nrb/m1, where Nrb is the number of resource blocks and m1 is RB granularity.
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Figure 1: RB grouping
(2) Approach 2:

(a) Sub-sampling [5]
In this method, all resource blocks are divided into several sub-groups. The figure 2 depicts an example case dividing into two sub-groups. The scheduler uses 1 sub-group to allocate resource to one UE. With this method, the number of signaling bits can be reduced because the scheduler uses one sub-group which consists of smaller number of RBs. The bitmap size can be expressed Nrb/m2, where m2 is the number of sub-groups.
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Figure 2: Sub-sampling method
(b) Island based approach [6,7]
In this method, the scheduler allocates resource with the unit of the island which consists of several contiguous RBs. The allocation information indicates the start point and the number of contiguous RBs. With this method, the number of signaling bits can be reduced because of compact expression thanks to contiguous RB allocation. However, when the number of islands is large, e.g., more than 2, the number of signaling bits becomes large. Also, it is a drawback that the number of signaling bits varies depending on the number of islands. It impacts on the receiver complexity in the UE. The signaling size for this allocation can be expressed 
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, where m3 is the number of islands.
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Figure 3: Island based method
3. Study of RB group granularity
In this section, we study the suitable RB group granularity for approach 1.

The figure 4 shows the user throughput with various RB group granularities for 10 MHz system bandwidth. The table 1 summarizes the throughput degradation compared to 1 RB group granularity. The simulation assumption is shown in the table A1 in annex A.

We assumed that the CQI subband is 360 kHz, which is equivalent to 2 RBs, so that there is no performance difference between 1 RB and 2 RBs as shown in the figure 4. Besides, the difference between 2 RBs and 3 RBs is quite large and the one between 3 RBs and 4 RBs is small. As result, 2 RBs is better as group granularity for 10 MHz bandwidth where the bitmap size is 25 bits. The agreed document [1] doesn’t say anything on the bitmap size in 10　MHz. However, according to the document [9] agreed in RAN1#49bis, 25 bits seems to be acceptable. If 25 bits is not accepted, we can select 4 RBs as well as 3 RBs, where the bitmap size is 13 and 17 bits respectively.
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Figure 4: RB grouping with various granularities
Table 1: User throughput degradation

	
	Throughput degradation [%]

	
	1 RB
	2 RBs
	3 RBs
	4 RBs

	50%-tile point
	-
	0.0
	8.0
	9.7

	95%-tile point
	-
	0.0
	2.9
	5.5


4. Throughput comparison between sub-sampling and island based method
In this section, we compare the throughput performance between two methods for approach 2. The figure 5 shows the performance. The main simulation parameters are the same as the ones used for the figure 4. Besides, both numbers of sub-groups and islands are 2. From the figure, we can see the sub-sampling method outperforms the island based method.
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Figure 5: Sub-sampling vs. Island based method
Table 2: Number of signaling bits (10 MHz bandwidth)
	Method
	Number of sub-groups or islands
	Number of signaling bits (for resource allocation)

	Sub-sampling
	2
	25

	Island based
	2
	22


Also, we have a concern with the island based approach as already mentioned in section 2. The number of signaling bits varies depending on the number of islands. It impacts on the receiver complexity in the UE. Therefore, we prefer the sub-sampling method as approach 2.
We evaluated another sub-grouping case [8] for the sub-sampling method where RBs are sub-grouped every 2 RBs as shown in figure 6. The throughput performance is shown in the figure 7 comparing with the case in figure 2. Every 2 RBs case slightly improves the performance, e.g. 1.7 % in 50%-tile user throughput. This is because odd index RB and even index RB have the same CQI value. Therefore, the scheduler can select both RBs having best CQI value.
When we consider the cooperation between approach 2 and approach 1, it is better that the contiguous k RBs are in the same sub-group in sub-sampling when the contiguous k RBs grouping is used in approach 1.
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Figure 6: Every 2 RBs sub-grouping in sub-sampling method
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Figure 7: Sub-sampling method (every 1 vs. 2 RB sub-grouping)
5. Conclusion
We evaluated the throughput performance of approach 1 as a function of RB group granularity. The simulation result showed the large difference between 2 RBs grouping and 3 RBs grouping. Therefore, 2 RBs grouping is preferable.
Also, we compared the throughput performance between the sub-sampling and the island based method for approach 2. As a conclusion, we recommend to select the sub-sampling method. Also, it is recommended that the number of contiguous RBs in the same sub-group should be the same as the number of RB grouping in approach 1.
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Annex A: Simulation assumption
Table A1: System simulation parameters
	Parameters
	Assumption

	Frequency
	2.0 GHz

	ISD
	500 m

	System bandwidth
	10 MHz (=50 RBs)

	Number of UEs
	10 /sector

	UE speed
	3 km/h

	Channel model
	Typical Urban (6 path)

	Number of Tx antennas at NodeB
	1

	Number of Rx antennas at UE
	2

	MIMO
	No

	Channel estimation
	Ideal

	CQI feedback
	Top-5 individual, 5 TTIs interval

	CQI band
	2 RBs (=360 kHz)

	CQI feedback delay
	2 TTIs (=2.0 msec)

	CQI estimation and feedback error
	· Measurement error: Gaussian zero-mean random variable

· Reporting error: 1.0e-3

	Traffic model
	Generation: constant, Length: constant

(Nearly full buffer)

	Scheduling
	Proportional Fairness

	Scheduling delay
	1 TTI (=1.0 msec)

	HARQ
	Chase Combining

	MCS level
	0: QPSK, 1/8

1: QPSK, 1/4

2: QPSK, 1/2

3: QPSK, 2/3

4: 16QAM, 1/2

5: 16QAM, 2/3

6: 64QAM, 1/2

7: 64QAM, 3/5

8: 64QAM, 2/3

9: 64QAM, 3/4


Annex B: SINR Error model
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Figure B1: SINR Error model (standard deviation)
Annex C: Comparison of RB grouping and Sub-sampling

In the sub-sampling method, RB is sub-grouped every 1 RB as shown in figure 2.


[image: image3.wmf]0

1

2

3

0.0

0.2

0.4

0.6

0.8

1.0

 

 

Probability, CDF

User Throughput [Mbit/s]

RB grouping

 # of RBgroup=2

 # of RBgroup=3

Sub-sampling

 # of Sub-group=2 

 # of Sub-group=3


























� EMBED Origin50.Graph  ���




















� EMBED Origin50.Graph  ���





� EMBED Word.Picture.8  ���





� EMBED Word.Picture.8  ���





� EMBED Word.Picture.8  ���





� EMBED Word.Picture.8  ���














� EMBED Origin50.Graph  ���






































PAGE  
1

[image: image10.wmf]0

1

2

3

0.0

0.2

0.4

0.6

0.8

1.0

 

 

# of sub-groups=2

 every 1 RB grouping

 every 2 RBs grouping

Probability, CDF

User Throughput [Mbps]

[image: image11.wmf] 

 

 

 

 

 

 

RB

 

Sub

-

g

roup 1

 

Frequency

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sub

-

g

roup 2

 

 

[image: image12.wmf] 

A   A

 

 

B   

 

B

 

 

C   C

 

 

A   A

 

 

A    A

 

 

C    C

 

RB

 

RB group

 

Frequency

 

Bitmap

 

To A: 100110

 

To B: 010000

 

To C: 001001

 

[image: image13.wmf]0

1

2

3

0.0

0.2

0.4

0.6

0.8

1.0

 

 

# of sub-groups=2

 every 1 RB grouping

 every 2 RBs grouping

Probability, CDF

User Throughput [Mbps]

[image: image14.wmf] 

# contiguous RBs

 

# contiguous RBs

 

 

A

 

 

 

 

A

 

 

A

 

 

RB

 

Frequency

 

 

 

A

 

 

 

 

A

 

 

1

st

 island

 

2

nd

 island

 

Start point

 

Start point

 

[image: image15.wmf]0

1

2

3

0.0

0.2

0.4

0.6

0.8

1.0

 

 

Probability, CDF

User Throughput [Mbps]

Number of RBs

in one RB group

 1 RB

 2 RBs

 3 RBs

 4 RBs

 5 RBs

[image: image16.wmf]0

1

2

3

0.0

0.2

0.4

0.6

0.8

1.0

 

 

 Sub-sampling

       (# of sub-group=2)

 Island based

       (# of island=2)

Probability, CDF

User Throughput [Mbps]

_1255095521.bin

_1255243205.doc










Sub-group 2























































































































































Frequency







Sub-group 1







RB




























































_1255249040.bin

_1255249677.doc










Sub-group 2























































































































































Frequency







Sub-group 1







RB























































contiguous k RBs












_1255242774.unknown

_1255000769.doc


Frequency







RB group







RB







 C    C







 A    A







 A   A







 C   C







 B    B







A   A







Bitmap



To A: 100110



To B: 010000



To C: 001001












_1255094896.bin

_1255095275.bin

_1255001846.doc


Start point







Start point







2nd island







1st island















 A























 A















Frequency







RB















 A







 A























 A







# contiguous RBs







# contiguous RBs












_1235908170.bin

