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PHY Structure text for the IEEE 802.16m Amendment

Mark Cudak, HanGyu Cho, Jong-Kae (JK) FwuTaeyoung Kim, Richard Li, Xin Qi, Guan Yanfeng

TGm Drafting Group

1. Introduction
This contribution is the output of the TGm draftiggpup that has worked to consolidate contributitias have

provided detailed Stage 3 text on DL PHY Structumd UL PHY Structure.

2. Outline

The following is the high level outline of the DIHF structure:
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Text proposal for inclusion in the 802.16m amendment

Text Start

Insert a new section 15:

15. Advanced Air Interface

15.3. Physical layer
15.3.5. Downlink physical structure

Each downlink subframe is divided into 4 (TBD) emfer frequency partitions; each partition consista
set of physical resource units across the totalbminof OFDMA symbols available in the subframe. lEac
frequency partition can include contiguous (locadiy and/or non-contiguous (distributed) physicabrece
units. Each frequency partition can be used fderght purposes such as fractional frequency réeSR) or
multicast and broadcast services (MBS). Figure .B513illustrates the downlink physical structuretiire
example of two frequency partitions with frequergartition 2 including both contiguous and distribadit
resource allocations.

Entire
subframe

Multi cell
FFR
group 1 group 2
Distributed Localized - Cell/
sector
User

ScB Sc5Sc4 Sc3 Sc2 Sci

Figure 1 — Example of downlink physical structure

15.3.5.1. Physical and logical resource unit

A physical resource unit (PRU) is the basic physigait for resource allocation that comprisBsc
consecutive subcarriers tNsymconsecutive OFDMA symbol$scis 18 subcarriers andsymis 6 OFDMA
symbols for type-1 subframes, aNeymis 7 OFDM symbols for type-2 sub frames. A logioedource unit
(LRU) is the basic logical unit for distributed amdcalized resource allocations. A LRU Bsc*Nsym

subcarriers for type-1 subframes and type-2 sulgsarihe LRU includes the pilots in 15.3.5.3 that ased
in a PRU. The effective number of subcarriers in.RU depends on the number of allocated pilots.
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15.3.5.1.1. Distributed resource unit

The distributed resource unit (DRU) contains a grofisubcarriers which are spread across the lolisédl
resource allocations within a frequency partitidine size of the DRU equals the size of PRU, i.ec P
subcarriers by Nsym OFDMA symbols. The minimum uit forming the DRU is equal to a pair of
subcarriers, called tone-pair, as defined in 1523351.

15.3.5.1.2. Contiguous resource unit

The localized resource unit, also known as contigu@source unit (CRU), contains a group of subearr
which are contiguous across the localized resoalioeations. The size of the CRU equals the sizéhef
PRU, i.e., Psc subcarriers by Nsym OFDMA symbols.

15.3.5.2. Multi-cell resource mapping
15.3.5.2.1. Subband partitioning

The physical PRUs are first subdivided into sublsaamatd minibands where a subband compifisesdjacent
PRUs and a miniband comprises adjacent PRUs, whe¢;=4 [or 8 for the 2048 FFT] &,=1 [or 2 for
the 2048 FFT].  Subbands are suitable for frequesgtective allocations as they provide a contiguou
allocation of PRUs in frequency. Minibands aretahle for frequency diverse allocation and are peech

in frequency.

The number of subbands reserved is denotedsgy The number of PRUs allocated to subbands istddno
by Lsg whereLsg = Ni* Ksg. A 5-bit (TBD) field called Subband Allocation Cau(SAC) field determines
the value oKgg. The SAC is transmitted in the BCH. The remaimafethe PRUs are allocated to minibands.
The number of minibands in an allocation is denditg#ys. The number of PRUs allocated to minibands is
denoted byLyg whereLys = No* Ky, The total number of PRUs is denoted agNwhere Ngy = Lgg +
Lws. [The mapping of the BCH is FFS and may be inomafed in the partitioning process.]

PRUs are partitioned and reordered into two grayiand PRUs and miniband PRUs, denoted gRbd
PRUyg, respectively. The set of PRgJis numbered frond to (Lsg — 1). The set of PR are numbered
from 0 to (Lws — 1). Equation 1 defines the mapping of PRUs to RRU Equation 2 defines the
mapping of PRUs to PRids. Figure 2 illustrates the PRU to P&lAnd PR mapping for a 5 MHz
bandwidth with SAC equal to 3.

PRUG[j1=PRUI],  j=0L....Leg=10 oo Eqn. (1)
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PRU,[K]=PRU],  k=0L...,Lyg =L oo Eqn. (2)
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(a) PRU to PRUyg Mapping

(b) PRU to PRUsg Mapping

Figure 2 PRU to PRUsg and PRUyg mapping for BW=5 MHz, SAC=3
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15.3.5.2.2. Miniband permutation

The miniband permutation maps the PRUygs to Permuted PRUygs (PPRUyS) to insure frequency diverse
PRUs are allocated to each frequency patrtition. Equation (3) provides a mapping from PRUyg to PPRUygs

PPRU,s[ j]1= PRU,gil, j=01...,L,s -1 Ean 3

[Editor's note: following option is proposed in 1441]

[Editor’'s note: following option is proposed in 19¢....]

where
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Where FPCT denotes the number of frequency partitio
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Figure 3 Mapping from PRUs to PRUgg and PPRU,s for BW=5 MHz, SAC=3

The PRUsg and PPRUy;s are allocated to one or more frequency partitions. By default, only one partition is
present. The maximum number of frequency partitions is 4 (TBD). The frequency partition configuration is
transmitted in the BCH in a 12-bit called the Frequency Partition Configuration (FPC).

The FPC consists of a Frequency Partition Count (FPCT), Frequency Partition Size (FPS) and Frequency
Partition Subband Count (FPSC). The first two bits carry the FPCT that defines the number of frequency
partitions (1 to 4). The following 6 bits carry the FPS that defines the number of PRUs allocated to FPi, i>0 in
the number of minibands (N2). The remaining 4 bits carry FPSC that define the number of subbands allocated
to FPi, i>0.

The number of subbands in i-th frequency partition are denoted by Ksg rpi. The number of minibands
is denoted by Kyg rpi, which are determined by FPS and FPSC fields. The number of subband PRUs
in each frequency partition is denoted by Lsg rpi, Which is given by Lsg rpi = N1 * Ksg epi- The number
of miniband PRUs in each frequency partition is denoted by Lyg rpi, which is given by Lyg i = N2 *
Kwug Fpi-

SAC-(FPCT-1)[FPSC  i=0
KSB,FPi =
FPSC i >0
K, - (FPCT-1)qrps-FPSCNL o
N2
K v rei =
Fps- FPSCINL i>0
N2

The mapping of subband PRUs and miniband PRUsetérélquency partitionis given by the following
equation:

PRUg(k,) forO< j<Lggep

: (Eq6)
PPRU,;5(k;)  for Lsgeri <) < (LSBFPi + LMB,FPi)

PRUFPi(j):{

where

and

1
k, = Z Lugeem + J — Lsgrei

=0

/ /{ Deleted: 4

-7 { Deleted: Figure 6
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Figure 4 Frequency partitioning

15.3.5.3. Cell-specific resource mapping

PRUgp;s will be mapped to LRUs. Al further PRU and subcarrier permutation will be constrained to the PRUs

15.3.5.3.1. CRU/DRU allocation

The partition between CRUs and DRUs is done orctosspecific basis. DRU allocation is signaled in

two step process.
There are four possible pre-configured allocatigigaaled in two bits:

00 -- All PRUyps are allocated to DRUs
01 -- All PRUps are allocated to CRUs
10 -- All subband PRUs are allocated to CRUs dnahiaiband PRUs are allocated to DRUs
11 -- The mapping is signaled explicitly

When explicit mapping is indicated, additional 4{@iBD) CRU allocation size (CAS) field is sentthme
BCH for each allocated frequency partition. CA&licated the number of allocated CRUs for partitiéh

in a unit of subband size.
The number o£RUs in each frequency partition is denoted byJepi, Where
Lerurri= CAS*N1 for 0 <i < FPCT
The number of DRUs in each frequency partition is denoted by Lpgry rpi, Where
Lprurpi = FPS*N2 - CAS*N1 for 0 <i < FPCT

The mapping of PRUgp; to

CRU,[j]1=PRUy[j], for 0<i<FPCT, and 0<j<Leym

DRUg;[j] = PRUg[ ] + LCRU,FPi]! for 0<i<FPCT, and 0s<j< Loru,eei

15.3.5.3.2. Secondary permutation

The miniband CRUs may be permuted on a sector specific basis by a secondary permutation.
the secondary permutation will be signaled by a 1-bit secondary permutation field in the BCH.

The secondary permutation will be governed by the following equation:

TBD (eq X)

16
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15.3.5.3.3. Subcarrier permutation

The subcarrier permutation defined for the DL distred resource allocations within a frequency ipant
spreads the subcarriers of the DRU across the wiisiebuted resource allocations. The granulaoitghe
subcarrier permutation is equal to a pair of tones.

After mapping all pilots, the remainders of the disebcarriers are used to define the distributet.LRo
allocate the LRUs, the remaining subcarriers aree@anto contiguous tone-pairs. Each LRU consista
group of tone-pairs.

Let Ly, denote the number of tone-pairslith OFDMA symbol within a PRU, i.eL = (Psc- n)/2,
wheren denotes the number of pilot tones in thiln OFDMA symbol within a PRU. A permutation
sequencePermSeq( )is defined by [a lookup table][a sequence genamatilgorithm] to perform the DL
subcarrier permutation as follows:

For eacH-th OFDMA symbol in the subframe

1. Allocate then, pilots within each PRU as described in section@)B

2. Renumber the remainingry, rpi *(Psc- ny) data subcarriers in order, from Oltgry, rpi (PSC- 1Y) -1.

Group these contiguous and logically renumberedauiers intd_pru, rei * Lpairs Pairs and renumber them
from O toLpgry, p,i *Lpairi-1. . The renumbered tone pairs in ke OFDMA symbol are denoted BRTR-p;).
3. Apply the subcarrier permutation formula (equbcarrier_perm) to form the permuted tone-pair® 0 t
Loru, Fp,i* Lpair,-1.
4. Map logically contiguous tone-pairg [Lpair;, (+1)*Lpair,-1] into thei-th distributed LRUsj=0,1,...,

Loru, Fri-1.

For thes-th distributed LRU of thé-th subframe, the subcarrier permutation formuigiven by

pair(s,m,|,t)= Lory, ee,i*f(M,s)+g(PermSeq(),s,m,l,t), =0, 1,..oN Egngubcarrier_perin
wherepair(s,m,l,t)is the tone-pair index of the-th tone-pair ((0<m< Lpay,)) in thel-th OFDMA symbol
(0<=I<Ngyp) in thes-th distributed LRU of thé-th subframet is the subframe index with respect to the frame,
s is the distributed LRU index (0<=slsgry, rp,), M is the tone-pair index within tHe-th OFDMA symbol.
PermSeq()s the permutation sequence generated by a funetiby a lookup tableg(PermSeq(),s,m,.t3 a

function (TBD) with value from the set [Qpry, rpi-1]; f(M,s)is a function (TBD) with value from the set [0,
I-paxir.l '1]

The following is proposed troposed in 14432

17
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31
Table 15.3.5.1 Permutation sequendearSejyof different lengths

|
|

6

|
|

|
|

6 | ENNSNSNNoNe
10 |1 4 710 3 6 9 2 5 8

1 |1 9 6 311 8 5 210 7 4
2 |17 411 8 5 212 9 8 610
3 j1 11 8 313 610 2 5 912 4 7
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[Editor’'s note: following option is proposed in 19¢....]

f (m,s) ={m+13s} modL

pair |

g(PermSeg s m,I)={ PermSfq( f, ovs + s+ ymod o))+ DL PermBased .. L,
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where

PermSeq(k) = k, 0<=k<bgru rpi_

andDL_PermBasés an integer ranging from 0 to 31 (TBD), whiclset to preamble IDCell or specified by
the BCH.

[Editor’s note: following option is proposed in 1@4....]

Denote the number of LRUs (PRUSs) of frequency fertii as L,ry rri PRUS,Lirurri = FPSi* N2 The subcarrier
permutation is performed in two steps. Step 1 pé&mthe whole frequency partition inktQgry e Virtual distributed
LRUs. Note that the number of virtual distributeRUWs equals the number of PRUs in the frequencyitjoart Step 2
further formsLpry rpi distributed LRUs based thgry rp; virtual distributed LRUs.

* Step 1: For eachth OFDMA symbol in the subframe,

1. Allocate then, pilots within each PRU in the frequency partitemdescribed in section (TBD)

2. Renumber the remainingry rpi *(Psc- n) data subcarriers in order, from Oligy rpi (PSC- ) -1.
Group these contiguous and logically renumberedauiers intol gy rri * Lpary pairs and renumber them
from 0 toL gy rpi *Lpair,-1. - The renumbered tone pairs in tie OFDMA symbol are denoted RTR-p;.

3. Apply the subcarrier permutation formula tonfiathe permuted tone-pairs Oltgry,rpi * Lpair,-1.

4. Map logically contiguous tone-paifi$ [Lpairs,  (i+1)*Lpar,-1] into thei-th virtual distributed LRUs,
i=0,1,...,Liru,pri-1.

For thes-th virtual distributed LRU of theth subframe, the subcarrier permutation formulgiven by
pair(s,m )= L., . Of(m 9+ d perm s€g), ,sn!
£(M,9) = Ly o, linod(m+23s, L, ) 1)
[s+R. (K)+ R, (K)].0< ¢ 6< Ly
[s+ R. k)] ¢#0,6=0

(
[s+R,(K)].g=0.6%0
s,G=0,¢=0

g(perm_se ), s m)l=

wherek' is mod(modfr+sx23, Lyair, )+, Lirueri-1); pair(s, m I) is the tone-pair index of the-th tone-pair
((0<=m< Lpair))) in thel-th OFDMA symbol in thes-th virtual LDRU; m is the tone-pair index in tHeh OFDMA
symbol in thes-th virtual distributed LRUs is the virtual LDRU (0<=s € gy, rp.); P‘Lq ( j) is thej-th element of

the sequence obtained by rotating basic permutagnence Ryclically to the leftc; times; PZ.cz ( j) is thej-th
element of the sequence obtained by rotating lpesimutation sequence Eyclically to the leftc, times;
¢, =mod( DL_PermBasd,, .., ); ¢, = floor(DL_PermBasgL, ) - The operation in [] is over GExy ¢).

Specifically, in GF(2), addition is binary XOR operation. The basic petation sequences are giverjliable 3 -~ { Formatted: Font: 10 pt
~ | Deleted: Table 1

Table 1 — Basic permutation sequences

Ng Basic permutation sequences

21

Deleted: f(m,s) ={m+13s}n
1
g(PermSegs, m,1,t) = {{ Pel
1

where |

. PermSeq(k,r)s is the series
obtained by rotating basic
permutation sequené&ermSeq(k,0)
cyclically to the left r times. The
basic permutation sequence is
defined asf

PermSeq(k,0) = k, O<=k<pryu.rpi T
andDL_PermBasés an integer
ranging from 0 to 31 (TBD), which
is set to preamble IDCell or specifig

by the BCH{
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2 |GF@ |P |1

P, |1

4 |GF(@) |P [1,23

P, 11,32

8 |GF(Z) |P |1,2436,75

P, 11,4,6,52,3,7

16 |GF(?) |P [1,2,4,8,3,6,12 11,5, 10,7, 14, 15, 13,9

P, 11,4,312,5,7,15,9, 2,8, 6, 11, 10, 14, 13

32 |GF(®) |P | 1,2 4,8, 16,5, 10, 20, 13, 26, 17, 7, 14, 38,34, 27, 19, 3, 6, 12, 24, 21, 15,
30, 25, 23, 11, 22, 9, 18

P, | 1, 4,16, 10, 13, 17, 14, 29, 27, 3, 12, 21, 30,223 18, 2, 8, 5, 20, 26, 7, 28, 31,
19, 6, 24, 15, 25, 11, 9

64 | GF(?) | P | 1,2 4,8, 16,32 3,6, 12, 24, 48, 35, 5, 10,47 19, 38, 15, 30, 60, 59, 53, 41,
17, 34, 7, 14, 28, 56, 51, 37, 9, 18, 36, 11, 22,24, 54, 47, 29, 58, 55, 45, 25,
50, 39, 13, 26, 52, 43, 21, 42, 23, 46, 31, 6266357, 49, 33

P, | 1,4,16, 3,12, 48,5, 20, 19, 15, 60, 53, 128/,51, 9, 36, 22, 27, 47, 58, 45, §
13, 52, 21, 23, 31, 63, 57, 33, 2, 8, 32, 6, 24,185 40, 38, 30, 59, 41, 34, 14, 56,
37,18, 11, 44, 54, 29, 55, 25, 39, 26, 43, 4262661, 49

Step 2: In the virtual distributed LRUs, data tqragrs from the CRUs are for localized resourcehis step, the
localized resources (i.e. thegry rri PRUS) are “punctured” from the virtual distributeUs.

1. Initiatej=0.

2. N'= Ligy, epiq- All the virtual distributed LRUs are numberedoON-1. Take out all the data tone-pairs of
CRUgp[j] from the virtual distributed LRUs. Then, in théh OFDMA symbol, there arie,.i, data
tone-pairs punctured from the virtual distributeRUs.

3. For each-th OFDMA symbol|=0,1,...,Ngy1,

= Sequentially, take the tone-pairs from th&-1)-th virtual distributed LRUs (Note that “virtlia
distributed LRUs with indei’-1" is the virtual distributed LRUs with the higsieindex in all the
virtual distributed LRUs) one-by-one and fill thento theL,;; punctured tone-pairs (& -q
“punctured tone-pairs” if| tone-pairs of theN-1)™" virtual distributed LRU belong to CR&[j]).
During the filling process, the largest possibkgirency diversity is ensured by the following metho

* Assume an integer variabte= 0,1,...,Lp,ir-0-1. For eaclx, take thex-th tone-pair from the
(N'-1)-th virtual distributed LRU, and denote the éspair ass,. Assume that there aXévirtual
distributed LRUs that have 1 or more data tone-pairctured. Denote theSevirtual distributed
LRUs asc,, v=0,1,...V-1. For eaclt,, check how many data subcarriergjmre from the PRU
whichs, belongs to, and denote the numbet,as

0 Find the %' virtual distributed LRU with the smallegtamong all the/ virtual distributed
LRUs. Fill tone-pairs; in it.

4. N’ new virtual distributed LRUs are formed.j# Ncry-1,j=j+1, go to b); Ifi= Ncgru-1, the

22
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subchannelization for distributed resources areed®he resulted virtual distributed LRUS &gy, rp,i
distributed LRUs for distributed resource allocafiohich are renumbered from Oltgry, p,i-1.
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