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Introduction
• This contribution proposes the DL subchannelization being 

comprised of … 
– Outer permutation:           common to every cell

– Second permutation:        cell-specific 

– Subcarrier permutation:    for distributed LRU (subcarrier-based)  

• In this contribution, we show …
– Procedure of the proposed DL subchannelization

– Mapping functions at each stage of the procedure

– Goal: show how to get PRU index by using LRU index 
for each subchannelization type  
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Required Functions/Features

• Band selection SubCH and diversity SubCH in a 
subframe (i.e. FDM)

• Different ratios of band selection SubCH and diversity 
SubCH among sectors/cells

• Frequency partitioning for FFR
– N-disjoint partitions for reuse-N 
– Single partition for reuse-1
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Subchannelization Types (1/2)
• Definition of terminology

• Clarification for the usage of “BandSel_N2” and “FreqDiv_N2”
– If a couple of N2 PRUs (more than one) are assigned for the user, “FreqDiv_N2” 

is considered as the operation type. 
– Else if only one N2 PRUs is assigned for the user, then “BaseSel_N2” is 

considered as the operation type. 

In this slide 16m terminology

BandSel_N1 Localized LRU in the unit of N1 PRUs

BandSel_N2 Localized LRU in the unit of N2 PRUs

FreqDiv_N2 Distributed LRU in the unit of N2 PRUs

FreqDiv_subc Distributed LRU in the unit of subcarrier
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Subchannelization Types (2/2)
Subchannelization Freq. reuse region Note

[BandSel_N1] Band selection operation 
in the unit of N1 PRUs

Freq. reuse = 1 . Typically N1 = 4 

[BandSel_N2] Band selection /
[FreqDiv_N2] Freq. diversity operation 

in the unit of N2 PRUs
Freq. reuse = 1

. Typically N2=1 (10MHz) 
and 2 (20MHz)

. Dedicated pilot

[FreqDiv_subc] Freq. diversity operation 
in the unit of tone-pair

Freq. reuse = 1 . Tone-pair for SFBC

[BandSel_N2] Band selection /
[FreqDiv_N2] Freq. diversity operation 

in the unit of N2 PRUs
Freq. reuse = 3

. Typically N2=1 (10MHz) 
and 2 (20MHz)

. Dedicated pilot

[FreqDiv_subc] Freq. diversity operation 
in the unit of tone-pair

Freq. reuse = 3 . Tone-pair for SFBC
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DL Subchannelization
• Features of each permutation stage

Freq. partitioning for FFR
: N-disjoint partitions for reuse-N
: Single partition for resue-1

Different ratios of band selection 
operation and diversity operation at 
each sector/cell

Uniform distribution over 
OFDMA symbols

Maximize freq. diversity gain 
for reuse-N

Outer-permutation

2nd permutation

Subcarrier-permutation

Paired-subcarrier permutation

Interference randomization for 
FreqDiv_N2  operation type

Increasing the number of 
distinguishable IDcells
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Subchannelization Procedure

Outer-permutation

2nd permutation

Subcarrier-permutation

Freq. reuse-1 Freq. reuse-N

BandSel_N1

FreqDiv_N2

FreqDiv_subc

BandSel_N2

FreqDiv_N2

FreqDiv_subc
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… 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 38 39 40 45 46 4741 42 43 4428 29 30 35 36 3731 32 33 3417 18 1916

PRUIndexPRU

… 

Mapping
Reordered index:

Permutation in the unit of N2 PRUs : fout-2

Freq. partition 2 Freq. partition 3 Freq. partition 4

Freq. reuse-1 Freq. reuse-3

… 

0 1 2 3 4 5 6 7 8 9 10 11 20 21 0 51 2 3 4

… 

0 51 2 3 4 0 51 2 3 4

0 1 2 3 4 5 6 7 16 17 3 4 50 1 23 40 1 230 1 2

… 

Mapping

Freq. partition 1

38 39 40 45 46 4741 42 43 4430 35 36 3731 32 33 340 1 2 3 4 5 6 7 16 17 18 19 20 2128 2923 24 2522 26 27

18 19 20 21 4 5 5

2nd permutation : f2nd_perm 2nd permutation 2nd permutation 2nd permutation

Subcarrier-permutation : fsubc_perm
Subcarrier-
permutation

Subcarrier-
permutation

Subcarrier-
permutation

IndexLRU

0 1 2 3 4 5 6 7 8 9 10 11

Permutation in the unit of N1 PRUs : fout-1
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Mapping

: BandSel_N1 : FreqDiv_subc: BandSel_N2 or FreqDiv_N2

0 1 2 3 4 5 6 7 26 27 28 33 34 3529 30 31 3218 17 18 23 24 2519 20 21 22

Proposed Outline of DL subchannelization
• Example (N1=4, N2=1): 

– 10MHz BW (NPRU=48 PRUs), FR1:FR3 = 5:3
– Ntot_band=12, Nres_band=3, NBS_N1=2, 
– NBS_N2_FR1=4, NBS_N2_FR3=1 (Freq. partition 3)
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Ultimate Object of DL Subch.

Reuse-1 region (NFR1)  Reuse-3 region (NFR3)

FreqDiv_subc FreqDiv_N2 or
BandSel_N2 BandSel_N1 FreqDiv_subc

0 1 2 3 4

IndexLRU

NLRU-1… NLRU-217 18 19 20 21 22 23… 29 30 31… … 35 36 40 41… …

FreqDiv_N2 or
BandSel_N2

IndexPRU

0 1 2 3 4 NPRU-1… NPRU-217 18 19 20 21 22 23… 29 30 31… … 35 36 40 41… …

Subchannelization function

Output (IndexPRU)

Input (IndexLRU)
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Case-(1) : BandSel_N1
• DL Subchannelization types

– (1) Band selection operation in the unit of N1 PRUs (Reuse=1)
– (2) Band selection/Freq. diversity operation in the unit of N2 PRUs (Reuse=1)
– (3) Freq. diversity operation in the unit of tone-pair (Reuse=1)
– (4) Band selection/Freq. diversity operation in the unit of N2 PRUs (Reuse=3)
– (5) Freq. diversity operation in the unit of tone-pair (Reuse=3)

Reuse-1 region (NFR1)  Reuse-3 region (NFR3)

FreqDiv_subc FreqDiv_N2 or
BandSel_N2 BandSel_N1 FreqDiv_subc

0 1 2 3 4

IndexLRU

NLRU-1… NLRU-217 18 19 20 21 22 23… 29 30 31… … 35 36 40 41… …

FreqDiv_N2 or
BandSel_N2
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Mapping
Reordered index:

Permutation in the unit of N2 PRUs : fout-2

Freq. partition 2 Freq. partition 3 Freq. partition 4

Freq. reuse-1 Freq. reuse-3

… 
0 1 2 3 4 5 6 7 8 9 10 11 20 21 0 51 2 3 4

… 

0 51 2 3 4 0 51 2 3 4

0 1 2 3 4 5 6 7 16 17 3 4 50 1 23 40 1 230 1 2
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Mapping

Freq. partition 1

38 39 40 45 46 4741 42 43 4430 35 36 3731 32 33 340 1 2 3 4 5 6 7 16 17 18 19 20 2128 2923 24 2522 26 27

18 19 20 21 4 5 5

2nd permutation : f2nd_perm 2nd permutation 2nd permutation 2nd permutation

Subcarrier-permutation : fsubc_perm
Subcarrier-
permutation

Subcarrier-
permutation

Subcarrier-
permutation

IndexLRU

0 1 2 3 4 5 6 7 8 9 10 11

Permutation in the unit of N1 PRUs : fout-1
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Mapping

: BandSel_N1 : FreqDiv_subc: BandSel_N2 or FreqDiv_N2

0 1 2 3 4 5 6 7 26 27 28 33 34 3529 30 31 3218 17 18 23 24 2519 20 21 22

Subch. Function of BandSel_N1

x

y

L1

z = x-L1

y = fout-1(z)  

[Note-1]  fout-1(x) : see the latest contribution of C80216_08-1464
[Note-2]  L1 : the number of PRUs assigned for freq. diversity operation (tone-pair) and band selection/

freq. diversity operation (N2 PRUs) in reuse=1 region. See Appendix
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Case-(3) : FreqDiv_subc (reuse=1)
• DL Subchannelization types

– (1) Band selection operation in the unit of N1 PRUs (Reuse=1)
– (2) Band selection/Freq. diversity operation in the unit of N2 PRUs (Reuse=1)
– (3) Freq. diversity operation in the unit of tone-pair (Reuse=1)
– (4) Band selection/Freq. diversity operation in the unit of N2 PRUs (Reuse=3)
– (5) Freq. diversity operation in the unit of tone-pair (Reuse=3)

Reuse-1 region (NFR1)  Reuse-3 region (NFR3)

FreqDiv_subc FreqDiv_N2 or
BandSel_N2 BandSel_N1 FreqDiv_subc

0 1 2 3 4

IndexLRU

NLRU-1… NLRU-217 18 19 20 21 22 23… 29 30 31… … 35 36 40 41… …

FreqDiv_N2 or
BandSel_N2
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Freq. partition 1
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2nd permutation : f2nd_perm 2nd permutation 2nd permutation 2nd permutation

Subcarrier-permutation : fsubc_perm
Subcarrier-
permutation

Subcarrier-
permutation

Subcarrier-
permutation

IndexLRU

0 1 2 3 4 5 6 7 8 9 10 11

Permutation in the unit of N1 PRUs : fout-1
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Mapping

: BandSel_N1 : FreqDiv_subc: BandSel_N2 or FreqDiv_N2

0 1 2 3 4 5 6 7 26 27 28 33 34 3529 30 31 3218 17 18 23 24 2519 20 21 22

Subch. Function of FreqDiv_subc (reuse=1)

Permutation Functions

Subcarrier 
permutation (t, i) = fsubc_perm(x, k)

[Note] 
• (t, i) : t-th DRU, i-th tone-pair 
• fsubc_perm(x, k) : x-th LRU, k-th tone-pair

[Note] fsubc_perm(x) : see the latest contribution of C80216_08-1464

x
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: BandSel_N1 : FreqDiv_subc: BandSel_N2 or FreqDiv_N2
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Subch. Function of FreqDiv_subc (reuse=1)

Permutation Functions

2nd permutation u = f2nd_perm(t)
Permutation (N2) z = fout-2(u-uoffset_2)

Permutation (N1) y = fout-1(z+uoffset_1+uoffset_2)

If u ≥ uoffset_2,

uoffset_2

uoffset_1

[Note-1]  fout-1(x) , fout-2(x) , f2nd_perm(x) : see the latest contribution of C80216_08-1464
[Note-2]  uoffset_1, uoffset_2 : see Appendix
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uoffset_2

uoffset_1

Permutation Functions

2nd permutation u = f2nd_perm(t)

Permutation (N1) y = fout-1(u+uoffset_1)

If u < uoffset_2,

[Note-1]  fout-1(x) , fout-2(x) , f2nd_perm(x) : see the latest contribution of C80216_08-1464
[Note-2]  uoffset_1, uoffset_2 : see Appendix
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Other cases
• DL Subchannelization types

– (1) Band selection operation in the unit of N1 PRUs (Reuse=1)
– (2) Band selection/Freq. diversity operation in the unit of N2 PRUs 

(Reuse=1)
– (3) Freq. diversity operation in the unit of tone-pair (Reuse=1)
– (4) Band selection/Freq. diversity operation in the unit of N2 PRUs 

(Reuse=3)
– (5) Freq. diversity operation in the unit of tone-pair (Reuse=3)

See the latest contribution of C80216_08-1464
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[Appendix] Definition of variables and parameters 

• NPRU : total # of PRUs
• Nband : # of PRUs per band

Given parameters• Nres_band : # of reserved bands
• NBS_N1 : # of PRUs for BandSel_N1
• Partition configuration (e.g., FFR ratio = FR1:FR3)
• NBS_N2_FR1 : # of PRUs allocated to BandSel_N2 or FreqDiv_N2 in FR=1 
• NBS_N2_FR3 : # of PRUs allocated to BandSel_N2 or FreqDiv_N2 in FR=3

Input parameters

• NFR1 = NPRU * FR1/(FR1+FR3)  # of PRUs for FR=1 region
• NFR3 = NPRU * FR3/(FR1+FR3)  # of PRUs for FR=3 region

Cal. parameters

Param. Value Operation

uoffset_1 NBS_N1×Nband FreqDiv_subc, BandSel_N2 (FR=1)

uoffset_2 Nres_band×Nband – uoffset_1 FreqDiv_subc, BandSel_N2 (FR=1)

L1 NFR1 – NBS_N1×Nband BandSel_N1 (FR=1)
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