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Proposed Change to Subband Partitioning and Frequency Partitioning
Chang-Lan Tsai, Zheng Yan-Xiu, Chung-Lien Ho, Yu-Chuan Fang, His-Min Hsiao, Ren-Jr Chen
ITRI
1 Subband partition
The physical resurc untis (PRUs) are subdivided into subbands (SBs) and minibands (MBs). A subband comprises N1 = 4 adjacent PRUs, and a miniband comprise N2 = 1 PRU. NPRU denotes the number of PRUs and Nsub = NPRU / N1 is the maximum number of subbands. Denote the possible location of subband from 0 to Nsub – 1. The number of allocated subbands is denoted as KSB, which is determined by the subband allocation count (SAC). According to Equation (175) in AWD [1], the allocation of subbands, represented as SKSB = {s(0), s(1), 
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, s(KSB – 1)}, is defined by
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For Nsub = 12 and KSB = 4, 5, 6 as examples, the subbands are allocated at S4 = {0, 3, 6, 9}, S5 = {0, 3, 6, 9, 1}, S6 = {0, 2, 4, 6, 8}, respectively. They are also indicated in Figure 1. And Figure 2 shows the allocation of subbands for all KSB values for Nsub = 12. The subband allocation rule here is to uniformly allocate the subbands in the bandwidth. See the cases of KSB = 2, 3, 4, and 6, the subbands are uniformly allocated.

However, the subband locations for different number of subbands are not overlapped. Observing Figure 2, the set of subband location S2 is not a subset of S3, i.e, S2
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S3. In this case of Nsub = 12, we can observe that Sn
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Sn+1, for n = 2, 3, 5. When the number of subbands, KSB, is changed in different superframes, the subband allocation may be totally different. As a result, for instance, the terminals need to feedback new channel quality indicator (CQI) at the same time while the number of subbands is changed. This results in a burst increase of feedback overhead. And the base station or femtocell has to adjust the link quality of the terminals.
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Figure 1. The subband locations for KSB = 4, 5 and 6 in the case of Nsub = 12.
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Figure 2. The subband locations for all KSB values in the case of Nsub = 12.
2 The proposed modification to subband partitioning
We propose a modified subband partitioning scheme such that the set of subband allocation corresponding to small KSB value is a subset of that corresponding to large KSB value, i.e., Sn
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Sm, for all n < m. This can be achieved by designing a basic sequence with length Nsub, which is defined as

B = {b(0), b(1), 
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, b(Nsub – 1)}, 

where b( i )
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{0, 1, 
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, Nsub – 1} and b( i )
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b( j ) for all i 
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 j.

Allocate the subband to {b(0), b(1), 
[image: image13.wmf]L

, b(KSB – 1)}, i.e., s(n) = b(n), for n = 0, 1, …, KSB – 1. Figure 3 is an example achieving this goal. For the case of Nsub = 12, the basic sequence is designed as B = {0, 6, 3, 9, 1, 4, 7, 10, 2, 5, 8, 11}. The subband allocation for KSB = 5 and 6 are defined as S5 = {0, 6, 3, 9, 1} and S5 = {0, 6, 3, 9, 1, 4}, respectively.
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Figure 3. An example of aligned subband allocation.
The number of PRUs allocated to KSB subbands is LSB = KSB*N1. The mapping of PRUs to PRUSBs (subband PRUs) is represented as

[image: image15.wmf][][];0,1,,1

SBSB

PRUjPRUijL

==-

L


where


[image: image16.wmf]11

1

mod()

j

iNbjN

N

æö

êú

=×+

ç÷

êú

ç÷

ëû

èø


The mapping of PRUs to PRUMBs (miniband PRUs) is represented as
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where 
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3 Frequency partitioning
Frequency partition count (FPCT) defines the number of frequency partitions. The frequency partitions are denoted as FP0, FP1, 
[image: image19.wmf]L

, FPFPSC-1. Frequency partition subband count (FPSC) defines the number of subbands for each FPi, for all i > 0, i.e., the number of subbands for FP0 is KSB,FP0 = KSB – (FPCT–1)*FPSC and the number of subbands for FPi, for all i > 0, is KSB,FPi = FPSC. The first KSB,FP0 subbands are allocated to FP0. The following every KSB,FPi subbands are allocated to each FPi. See Figure 4 as an example, where only subband partitioning is focused.
For the allocation of subbands according to Equation (175) in AWD [1], if the subband allocations are different for various number of subbands, the subbands allocated to each frequency partition are different. In Figure 4, the subbands assigned to each frequency partition are totally different when KSB is changed from 5 to 6. Suppose the frequency partition is used for E-MBS or fractional frequency reuse (FFR) purposes, the terminals using the resource in that frequency partition is required to feedback new channel quality indicator (CQI) and the base station has to adjust the link quality of the terminals.
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Figure 4. Frequency partitioning for the cases of KSB = 5 and 6.

4 The proposed modification to frequency partitioning

We propose a modified frequency partitioning scheme such that the subbands allocated to frequency partitions nearly invariant when the number of subband is changed. The existing rule in AWD [1] allocates the first KSB,FP0 subbands to frequency partition FP0, and the last (FPCT – 1)*FPSC subbands to FPi, for all i > 0. Each FPi, for i > 0, comprises KSB,FPi = FPSC subbands.
We propose to allocate the subbands to FPi, for all i > 0, first, and the remaining subbands are allocated to FP0. Each FPi, for i > 0, comprises KSB,FPi = FPSC subbands. If the subband locations are aligned by the design in Section 2, the front subbands are invariant when the number of subbands is changed. See Figure 5 when KSB,FPi is changed from 5 to 6. By this design, the subbands allocated to FPi, for i > 0, are invariant, and only the subbands of FP0 is changed (increased or decreased).
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Figure 5. Frequency partitioning for the cases of KSB = 5 and 6.
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[Suggested Remedy #1]

---------------------------------------------------  Start of Text  ---------------------------------------------------
[Change the mapping of PRUs to the PRUSB and PRUMB in Section 15.3.5.2.1]

15.3.5.2.1  Subband partitioning
[Line 13]
defines the mapping of PRUs to PRUMBs. Figure 399 illustrates the PRU to PRUSB and PRUMB mapping for a 5 MHz bandwidth with SAC equal to 3.

[image: image22.wmf][][];0,1,,1

SBSB

PRUjPRUijL

==-

L


(174)

where 


[image: image23.wmf]11

11

(,/)

mod()mod()

subsubsubSB

sub

SBsub

NGCDNNK

jj

iNNjN

KNNN

ìü

êú

éù

êúêú

ïï

=××+×+×

íý

êú

êú

êúêú

ëûëû

ïêúï

ëû

îþ


(175)

where GCD(x,y) is the greatest common divisor of x and y.

   
[image: image24.wmf]11

1

mod()

j

iNbjN

N

æö

êú

=×+

ç÷

êú

ç÷

ëû

èø


(175)
where b( j ), for 
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where
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(177)

where GCD(x,y) is the greatest common divisor of x and y.
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---------------------------------------------------  End of Text  ----------------------------------------------------
[Suggested Remedy #2]

---------------------------------------------------  Start of Text  ---------------------------------------------------
[Change the mapping of subband PRUs and miniband PRUs to frequency partitions in Section 15.3.5.2.3]
15.3.5.2.3  Frequency partitioning
[Line 27]

The mapping of subband PRUs and miniband PRUs to the frequency partition is given by Equation (181):
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where
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Figure 401 depicts the frequency partitioning BW=5 MHz, SAC=3, FPCT=2, FPS=12, and FPSC=1.
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Figure 401 – Frequency partitioning

---------------------------------------------------  End of Text  ----------------------------------------------------
[Suggested Remedy #3]

---------------------------------------------------  Start of Text  ---------------------------------------------------
[Change the mapping of PRUs to the PRUSB and PRUMB in Section 15.3.8.2.1]

15.3.5.2.1  Subband partitioning
[Line 20]

Equation (188) defines the mapping of PRUs into PRUSBs. Equation (189) defines the mapping of PRUs to PRUMBs. Figure 407 illustrates the PRU to PRUSBs and PRUMBs mapping for a 5 MHz bandwidth with SAC equal to 3.
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where b( j ), for 
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where
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---------------------------------------------------  End of Text  ----------------------------------------------------
[Suggested Remedy #4]

---------------------------------------------------  Start of Text  ---------------------------------------------------
[Change the mapping of subband PRUs and miniband PRUs to the frequency partitions in Section 15.3.8.2.3]
15.3.5.2.3  Frequency partitioning
[Line 23]

The mapping of subband PRUs and miniband PRUs to the frequency partition is given by Equation (181):
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where
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Figure 401 depicts the frequency partitioning BW=5 MHz, SAC=3, FPCT=2, FPS=12, and FPSC=1.
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Figure 409 – Frequency partitioning

---------------------------------------------------  End of Text  ----------------------------------------------------
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