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1. Introduction
There are several proposals [1-5] to reduce a number of signaling bits for resource allocation information. These proposals are based on the assumption that discontinuous RB allocation in frequency domain is allowed. On the other hand, there is an opinion that continuous RB allocation is enough. The continuous allocation brings less scheduling flexibility, but small number of signaling bits on the other hand. In this contribution, we evaluate the gain and loss of both discontinuous and continuous allocation and discuss which method should be employed.
2. Comparison of resource allocation schemes
In this section, we compare discontinuous RB allocation and continuous one from the throughput performance point of view. The scheduling policy is explained first and then the performance is shown.
2.1. Scheduling policy
In the following, each scheduling policy we used for the comparison is explained.
[Common policy]

· Scheduler operates based on proportional fairness algorithm.

· UE having the highest PF(Proportional Fairness) index, which is averaged in entire frequency band, has priority for allocation.
(a) Discontinuous allocation
· Any combination of RBs can be allocated to one UE.
· Best (highest instantaneous CQI value) Nd RBs among remaining RBs are allocated to each UE.
· If a UE doesn’t need all Nd RBs, it can be allocated less RBs than Nd.
(b) Continuous allocation
· Only continuous RBs can be allocated to one UE.

· System bandwidth is separated several groups. One group consists of Nc RBs.
· Best (highest averaged CQI of RBs) group among remaining groups is allocated to each UE.
· If a UE doesn’t need all Nc RBs, it can be allocated less RBs than Nc.

· If, in remaining RBs, a group contains less than Nc RBs, averaging of CQI is done about only remaining RBs.

Figure 1 helps to understand the continuous allocation policy.
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Figure 1: Continuous RB allocation
2.2. Throughput performance

The table 1 shows system simulation parameters.
Table 1: System simulation parameters
	Parameters
	Assumption

	Frequency
	2.0 GHz

	ISD
	500 m

	System bandwidth
	10 MHz

	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
	Full feedback, Every TTI

	CQI feedback delay
	2 TTIs (=2.0 msec)

	CQI estimation and feedback error
	No

	Traffic model
	Generation: constant, Length: constant

	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


Figure 2 shows user throughput performance of both discontinuous and continuous allocation method. We assumed a maximum number of allocated RBs to one UE, Nd=Nc=10. From the result, discontinuous allocation brings 12 % gain compared to continuous allocation at 50 %-tile user throughput. In other evaluation [6], the gain is shown 13-19 %.
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Figure 2: User throughput
3. Discussion
3.1. SINR comparison of selected RBs
In section 2, we showed the gain of discontinuous RB allocation on user throughput. However, one might wonder whether the comparison is fair. Although we can’t perfectly wipe out this concern, we check the SINR and the allocated RBs to each UE as another approach.
Figure 3 shows the SINR of each RB. When we see the frequency selectivity of channel condition, it is clear that discontinuous allocation is suitable to frequency selective scheduling.
Figure 3 also shows the allocated RBs in continuous allocation at the certain scheduling timing. The relation of scheduling priority based on PF index is as follows; UE9>UE2>UE4>UE5>UE7>UE8>UE3. The red square indicates RBs continuously allocated to each UE. On the other hand, the blue circle indicates the best Nc RBs among remaining RBs for each UE which can be allocated if discontinuous allocation is used. The black circle indicates already allocated RBs to the higher priority UEs if we discontinuous allocation is used. From the figure, we can compare discontinuous and continuous allocation by checking RBs in blue circles and RBs in red square. In most of UE cases, the averaged SINR of blue circle looks higher than the one of red square. Therefore, it is clear that the discontinuous allocation brings better throughput.
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Figure 3: SINR and selected RBs (Typical Urban)
3.2. Signaling Overhead and Further Discussion
In the throughput comparison in section 2, we assumed the same overhead between discontinuous and continuous allocation although continuous allocation has a benefit of small overhead. When we assume that discontinuous allocation case uses 3 OFDM symbols and continuous allocation case uses 2 OFDM symbols, it means we have 11 and 12 OFDM symbols for PDSCH in each case. Therefore, discontinuous allocation still have the throughput gain even when the loss 0.92 (=11/12) is considered. This is applied to 10 MHz system bandwidth. If we assume 20 MHz bandwidth and, 1 and 3 OFDM symbols usage for continuous and discontinuous allocation respectively, we have a loss 0.84 (=11/13) on discontinuous allocation and then the throughput gain is diminished much more. However, it should be noted that the value of gain in section 2 is obtained in 10 MHz bandwidth.
Table 2: Assumed number of signaling bits
	
	10 MHz
	20 MHz

	
	Discontinuous
	Continuous
	Discontinuous
	Continuous

	# of bits for resource assignment
	50
	12
	100
	14

	# of bits for others
	30
	30
	30
	30

	Total
	80
	42
	130
	44

	Ratio (continuous is reference)
	2
	1
	3
	1


There are some proposals [1-5] to solve the problem on large overhead. They bring small scheduling restriction, but still allow discontinuous allocation. Although we should investigate the throughput degradation due to the restriction, it is already clear the frequency selective scheduling is very efficient as shown in section 3.1. Furthermore, it should be noted that some proposals (e.g. [1]) can prepare full scheduling flexibility by configuration using control signaling bits. It is mainly realized when the number of scheduled UEs is small, i.e., when the large number of control signaling bits to one UE is allowed. Therefore, we can expect larger throughput gain between discontinuous and continuous allocation as shown in figure 2. From the discussion above, we don’t see any reasons we have to restrict to continuous RB allocation method in specification.
4. Conclusion
As discussion whether discontinuous or continuous RB allocation, we compared the user throughput performance. We could observe 12 % gain of discontinuous allocation in one assumption. Even if we consider the difference of signaling overhead, we still have the gain in discontinuous allocation in at least 10　MHz system bandwidth. Also, we checked the SINR of allocated RBs in both discontinuous and continuous allocation and confirmed that the SINR in discontinuous allocation is higher in most cases. The observation is reasonable when we consider the frequency selectivity of channel condition. Furthermore, even if the scheme based on discontinuous allocation has scheduling restriction, it can be configured to change to the full flexibility mode in some proposed schemes. Therefore, we should keep discontinuous allocation method.
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Dotted line indicates areas of already allocated RBs. Therefore, CQI comparison is done among only areas indicated by solid line in each UE.
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The allocation priority is as follows based on PF index; UE1>UE2>UE3>UE4>UE5



UE1 has the best CQI in 3rd group.



UE2 has better CQI in 1st group than 2nd and 4th groups.



UE3 has better CQI in 2nd group than 4th group, and needs only 2 RBs.



UE4 has better CQI in 4th group than 2nd group.



UE5 are allocated remaining 2 RBs in 2nd group.
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