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1. Introduction
According to the working assumption on resource block, we have 50 RBs in 10 MHz system bandwidth and 100 RBs in 20 MHz. When we consider the number of RBs, we need to elaborate how to schedule resources and signal the decision to reduce the control signaling overhead. In this contribution, we propose the scheduling policy and the signaling way to keep the overhead small. We assume that discontinuous allocation is allowed. It is discussed in other contribution [1] whether discontinuous or continuous allocation should be performed.
2. Impact by large number of RBs
The table 1 shows the number of RBs.
Table 1: The number of RBs in the system
	System bandwidth [MHz]
	1.25
	2.5
	5.0
	10.0
	15.0
	20.0

	Number of RBs
	6
	12
	25
	50
	75
	100


There have been some proposals how to indicate resource allocation [2-5]. As one proposal, the bitmap approach is shown in [2]. Its concept is depicted in figure 1 below again. The bits in each bitmap indicate whether RB corresponding to the bit is assigned to each UE. Therefore, (
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) bits are needed to signal resource allocation to all scheduled UEs, where Nmap is the number of bits composing the bitmap and Nue is the number of scheduled UEs. The Nmap corresponds to the number of RBs for scheduling. In this document, we assume that the number of RBs for scheduling is the same as the one in the system. Therefore, the signaling bits of resource allocation is (
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) in 20 MHz system. In the table 2, the number of signaling bits needed for indicating resource allocation is summarized for some cases of the number of scheduled UEs with 10 MHz system. Obviously, we should study the signaling bit reduction scheme because we should not reduce the number of scheduled UEs in a TTI.
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Figure 1: Bitmap approach

Table 2: Number of signaling bits for resource allocation (10 MHz)
	Resource allocation indication scheme
	Signaling bits

	
	General Expression
	Nue=2
	Nue=6
	Nue=10
	Nue=16

	Bitmap approach
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3. Proposal
Our proposal to reduce control signaling bits is based on following view.
- Current bandwidth of a RB was decided by considering specific packet size, VoIP and TCP-ACK.
- The bandwidth of CQI reporting unit is twice the bandwidth of a RB or wider.
(1) Scheduling RB indicator
We introduce one bit indicator of RB size. The scheduler can select scheduling RB size (denoted SRB here), 12 subcarriers RB or 24 subcarriers RB and the result of selection is indicated by this indicator. The concept is shown in figure 2. When the SRB indicator is “0”, it means that resource allocation is done with 12 subcarriers RB. When the SRB indicator is “1”, it means that resource allocation is done with 24 subcarriers RB. This RB size selection is done with UE specific or packet type specific.
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Figure 2: SRB (=Scheduling RB) indicator
In figure 3, it is shown how to use the SRB indicator with bitmap approach. A number of signaling bits for indicating resource allocation can be reduced when some UEs are scheduled with 24 subcarriers RB. On the other hand, one bit for the indicator is needed. Therefore, the more the number of scheduled UEs with 24 subcarriers RB is, the fewer the total number of signaling bits is.
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Figure 3: SRB indicator with bitmap approach

In the table 3 below, the number of signaling bits with SRB indicator is shown. The Nue1 and Nue2 denote the number of UEs which are assigned with 12 and 24 subcarriers RB, respectively. In this table, values are calculated under the condition that Nue1 and Nue2 are the same, i.e., Nue1 = Nue2 = Nue/2. The corresponding value in case of no SRB indicator is also shown for comparison. All RBs consist of 12 subcarriers in the latter case. Note that the number of signaling bits means the bitmap size here.
Table 3: Number of signaling bits for resource allocation with SRB indicator (10 MHz)
	Resource allocation indication scheme
	Signaling bits

	
	General Expression
	Nue=2
	Nue=6
	Nue=10
	Nue=16

	Bitmap approach with SRB indicator
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	77
	231
	385
	616

	Bitmap approach without SRB indicator
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* Nue1 = Nue2 = Nue/2

* Nue1/Nue RBs out of Nrb are assigned to a group of Nue1 UEs and remaining RBs are assigned to a group of Nue2UEs.
The figure 4 also shows the number of signaling bits for resource allocation with various ratios of Nue1 and Nue2 in case of bitmap approach. All RBs consist of 12 subcarriers in case of no SRB indicator. The gain varies according to the ratio (Nue1:Nue2). However, as soon as there is at least one UE allocated to more than one RB, a gain can be obtained. In the best case, the number of signaling bits can be expressed Nue(1+Nrb/2) which leads significant gain from the normal bitmap case NueNrb. On the other hand, in the worst case, the number of signaling bits can be expressed Nue(1+Nrb) which leads small loss, i.e., 2 % from NueNrb. From these results, we can see this signaling way is beneficial with small scheduling restriction. It is noted that this scheme still leave room to have full scheduling flexibility by always using SRB=0.
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Figure 4: The gain on the signaling overhead (SRB indicator with bitmap approach)
(2) Lower/Upper sub-band indicator
As clearly shown in the figure 3, the bitmap size is different between 12 subcarriers RB case and 24 subcarriers RB case. Therefore, we propose an additional way to unify the size. Figure 5 shows the proposal, i.e., lower/upper sub-band indicator (denote LUS indicator). Under this concept, we divide the bandwidth for the scheduling into two, lower sub-band and upper sub-band. If the LUS indicator is “0”, the bitmap is valid for the lower sub-band and if the indicator is “1”, the bitmap is valid for the upper sub-band. The LUS indicator is valid only when the SRB indicator is “0”. Figure 6 shows the example to realize the same mapping as one shown in figure 4. Two control channels are needed to assign one UE whole bandwidth in case of using this LUS indicator. However, we think that the traffic which needs 12 subcarriers RB size needs only one sub-band based on the view we mentioned at the beginning of this chapter.
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Figure 5: Lower/Upper sub-band indicator
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Figure 6: Lower/Upper sub-band indicator (example)

As can be seen in figure 6, the number of signaling bits is further reduced compared to the case shown in figure 3 under the condition that UEs with 12 subcarriers RB are assigned only one sub-band. Figure 7 shows the number of signaling bits for resource allocation in case of using a combination of SRB and LUS indicators.
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Figure 7: The gain on the signaling overhead (combination of SRB and LUS indicator)
4. Conclusion
We proposed to introduce a scheduling RB size indicator and lower/upper sub-band indicator. The former indicator indicates which scheduling RB size is used, 12 subcarriers RB or 24 subcarriers RB. The latter indicator indicates which sub-band is assigned, lower or upper. We should study how to signal resource allocation information because we have many number of resource blocks. By our proposed signaling way, we can expect much reduction of signaling overhead although this introduces small restriction on scheduling.
References

[1] Mitsubishi Electric, “Discontinuous Allocation vs. Continuous Allocation on DL Transmission”, R1-071396
[2] Ericsson, NTT DoCoMo, “E-UTRA Downlink Control Signaling – Overhead Assessment”, R1-060573
[3] NEC Group, “Resource Allocation Signalling for E-UTRA”, R1-061308
[4] Siemens, “Control signaling for DL scheduling”, R1-061825
[5] Nokia, “DL L1/L2 control signaling channel encoding structures”, R1-061907
[6] Motorola, “Scheduling for Voice”, R1-061734



� EMBED Word.Picture.8  ���











� EMBED Origin50.Graph  ���











� EMBED Word.Picture.8  ���





� EMBED Word.Picture.8  ���





� EMBED Origin50.Graph  ���





� EMBED Word.Picture.8  ���
















































































� EMBED Word.Picture.8  ���








PAGE  
1

[image: image14.wmf] 

 

 

 

# subcarriers = 12

 

SR

B

 

indicator=

”

0

”

 

SR

B

 

indicator=

”

1

”

 

# subcarriers = 24

 

[image: image15.wmf]0

5

10

15

20

0

200

400

600

800

 

 

Number of signaling bits

for RB allocation [bits]

Number of UEs

 w/o indicator

 w SRB&LUS indicator

[image: image16.wmf] 

ID

 

0

 

0

 

 

 

 

 

ID

 

1

 

X

 

 

 

 

 

ID

 

0

 

1

 

 

 

 

 

Scheduling RB indicator

 

Lower/Upper Sub

-

band indicator

 

    0: Lower sub

-

band

 

    1: Upper sub

-

band

 

 

 

RB

 

bitmap

 

Lower sub

-

band

 

Upper sub

-

band

 

 

 

[image: image17.wmf]0

5

10

15

20

0

200

400

600

800

Ratio of Group

(N

UE1

:N

UE2

)

Without SRB indicator

With SRB indicator

9:1

8:2

7:3

6:4

5:5

4:6

3:7

2:8

 

 

Number of signaling bits 

for RB allocation [bits]

Number of UEs

1:9

[image: image18.wmf] 

 

ID

 

1

 

1

 

1

 

1

 

0

 

0

 

ID

 

0

 

0

 

0

 

0

 

1

 

0

 

ID

 

0

 

0

 

0

 

1

 

0

 

0

 

 

 

 

 

 

 

Resource Blocks

 

Signaled

 

 

 

1

 

1

 

0

 

0

 

0

 

0

 

0

 

[image: image19.wmf] 

ID

 

0

 

1

 

1

 

0

 

0

 

0

 

ID

 

1

 

X

 

1

 

1

 

0

 

1

 

ID

 

0

 

1

 

0

 

1

 

0

 

0

 

 

 

RB

 

 

 

 

[image: image20.wmf] 

 

ID

 

1

 

1

 

1

 

0

 

ID

 

0

 

0

 

0

 

0

 

1

 

0

 

ID

 

0

 

0

 

0

 

0

 

0

 

1

 

 

 

 

 

Resource Blocks

 

Signaled

 

 

0

 

0

 

0

 

0

 

0

 

1

 

0

 

0

 

SRB indicator

 

_1235217292.unknown

_1235469537.bin

_1235895407.doc

[image: image1]

































Upper sub-band







Lower sub-band







bitmap







RB































Lower/Upper Sub-band indicator



    0: Lower sub-band



    1: Upper sub-band







Scheduling RB indicator











































1







0







ID







































X







1







ID







































0







0







ID












_1235904062.doc

[image: image1]













































RB















































0







0







1







0







1







0







ID







1







0







1







1







X







1







ID







0







0







0







1







1







0







ID












_1235494629.doc
 

ID







1







1







1







1







0







0







0







1







0







0







0







0







ID







0







0







1







0







0







0







ID























































Resource Blocks







Signaled























1







1







0







0







0







0







0












_1235225134.doc
 

ID







1







SRB indicator







1







1







0







0







0







1







0







0







0







0







ID







1







0







0







0







0







0







ID















































Resource Blocks







Signaled



















1







0







0







0







0







0







0












_1235469508.bin

_1235217945.unknown

_1221382860.unknown

_1232257190.unknown

_1232257203.unknown

_1231954219.doc
 

























































































# subcarriers = 24































# subcarriers = 12







SRB indicator=”0”







SRB indicator=”1”












_1220983153.unknown

