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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 draftigpgpup that has worked to consolidate contributitwasg have

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

2. Outline

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

------------------------------- Text Start  --———---~~—=m=mmmmmmmeem e

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 considta
set of physical resource units across the totalbmrmof OFDMA symbols available in the subframe. lEac
frequency partition can include contiguous (locadiz and/or non-contiguous (distributed) physicabrece
units. Each frequency partition can be used fdediht purposes such as fractional frequency réreiSR) or
multicast and broadcast services (MBS). Figure .b5l3illustrates the downlink physical structuretire
example of two frequency partitions with frequenmmartition 2 including both contiguous and distrigsait
resource allocations.

Entire
subframe

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

ScB Sc5Scd4 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 INsymconsecutive OFDMA symbol®scis 18 subcarriers andsymis 6 OFDMA
symbols for type-1 subframes, aNdymis 7 OFDM symbols for type-2 sub frames. A logiocadource unit
(LRU) is the basic logical unit for distributed amdcalized resource allocations. A LRU BsceNsym

subcarriers for type-1 subframes and type-2 sutdsarmhe LRU includes the pilots in 15.3.5.3 that ased
in a PRU. The effective number of subcarriers in.Bt 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 hiig&d
resource allocations within a frequency partitidine size of the DRU equals the size of PRU, i.eg P
subcarriers by Nsym OFDMA symbols. The minimum uioit 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 sulbarr
which are contiguous across the localized resoallogations. 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 sublsaemad minibands where a subband compi&esdjacent
PRUs and a miniband comprisig adjacent PRUs, wheifé,=4 [or 8 for the 2048 FFT] &\,=1 [or 2 for
the 2048 FFT]. Subbands are suitable for frequesstective allocations as they provide a contiguou
allocation of PRUs in frequency. Minibands argahle for frequency diverse allocation and are peech

in frequency.

The number of subbands reserved is denotddspy The number of PRUs allocated to subbands istddno
by Lsg WwhereLsg = Ni* Ksg. A 5-bit (TBD) field called Subband Allocation Cuu(SAC) field determines
the value oKgg. The SAC is transmitted in the BCH. The remaimafahe PRUs are allocated to minibands.
The number of minibands in an allocation is dendite&ys. The number of PRUs allocated to minibands is
denoted byLyg WhereLys = Ny* Ky, The total number of PRUs is denoted agNwhere Ngy = Lsg +
Lve. [The mapping of the BCH is FFS and may be inomated in the partitioning process.]

PRUs are partitioned and reordered into two graytmand PRUs and miniband PRUs, denoted 2Rk
PRUyg, respectively. The set of PRJis numbered frond to (Lsg — 1). The set of PR}k are numbered
from 0 to (Lwse — 1). Equation 1 defines the mapping of PRUs to BRU Equation 2 defines the
mapping of PRUs to PRids. Figure 2 illustrates the PRU to P&lWnd PRz mapping for a 5 MHz
bandwidth with SAC equal to 3.

PRUL[j]=PRUI],  j=0L...,Les =1 coovrrrrrrrern. Eqn. (1)
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PRU,,[K] = PRUI],  K=0L....Lys =1, cccovvirmr. 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 PRUy;gs to Permuted PRUygs (PPRUygS) to insure frequency diverse
PRUs are allocated to each frequency partition. Equation (3) provides a mapping from PRUyg to PPRUyzS

PPRU,.[j]=PRU,q[i, j=01...L,-1 Egn 3

B(Editor’s note: following option is proposed in49r1...]

where
= (q(j) modD )E(FFRc+1)+{@ J i 0t -
C_ i)
QU)—J+{D_1J
r(j) =max( - s Mod EFRC + 1)D ,0),

D=|—tue 41
FFRC+1

10
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Figure 3depicts the mapping from PRUs to P&ldnd PPRJs.
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Figure 3 Mapping from PRUs to PRUsz and PPRUyg for BW=5 MHz, SAC=3
15.3.5.2.3. Frequency partitioning

The PRUgg and PPRU,,z 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 rri. The number of minibands
is denoted by Kyg i, 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 epi = N1 * Kgg rpi. The number
of miniband PRUs in each frequency partition is denoted by Lyg gpi, Which is given by Lyg i = N, *
Kws,epi-

SAC-(FPCT-1)[FPSC  i=0
KSB,FPi =
FPSC i >0
Kys = (FPCT—l)EQFPS——FPSCENl) i=0
N2
KMB,FPi =
Fpg— FPSCINI i>0
N2

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

PRUg(k))  forO< j <Lggpp,

. (Eq 6)
PPRUMB (kz) for I-SB.FPi SJ < (LSB.FPi + LMB,FPi)

PRUg () :{

where

and

Figure 4 depicts the frequency partitioning BW=5 ®HSAC=3, FPCT=2, FPS=12 and FPSC=1.
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Figure 4 Frequency partitioning

15.3.5.3. Cell-specific resource mapping
PRUGgp;is will be mapped to LRUs.  All 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 orctsepecific basis. DRU allocation is signaled in
two step process.

There are four possible pre-configured allocatisigsaled in two bits:

00 -- All PRUyps are allocated to DRUs

01 -- All PRUyps are allocated to CRUs

10 -- All subband PRUs are allocated to CRUs dhaliaiband 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@Slicated the number of allocated CRUs for parti&éh
in a unit of subband size.
The number o€RUs in each frequency partition is denoted byrpi, where

LCRU,FPi = CAS|*N1 for0<i<FPCT

The number of DRUs in each frequency partition is denoted by Lpry rpi, Where

Lorusri = FPS*N2 - CAS*N1 for 0 <i < FPCT

The mapping of PRUgp; to

CRUg[j]1=PRUg[j], for 0<i<FPCT, and 0<j<Lcgye

DRUg [ ] = PRUg [ + Legyepi] for 0<i<FPCT, and 0< j<Lpgy g

15.3.5.3.2. Secondary permutation

The miniband CRUs may be permuted on a sector specific basis by a secondary permutation. Permutation of
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 dlistted resource allocations within a frequency ipart
spreads the subcarriers of the DRU across the wdisigbuted resource allocations. The granulasitghe
subcarrier permutation is equal to a pair of tones.

After mapping all pilots, the remainders of the duiseibcarriers are used to define the distributetd L Ro
allocate the LRUs, the remaining subcarriers aieeg@danto contiguous tone-pairs. Each LRU considta
group of tone-pairs.

Let Lpar, denote the number of tone-pairslith OFDMA symbol within a PRU, i.eLpair = (Psc- n)/2,
wheren, denotes the number of pilot tones in thlh OFDMA symbol within a PRU. A permutation
sequencePermSeq( )s defined by [a lookup table][a sequence genmmagilgorithm] 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{yB

2. Renumber the remainihgry rp; *(Psc- n) data subcarriers in order, from Oligky, epi (PSC- 1) -1.

Group these contiguous and logically renumberedauiers intoLpry, rri * Lpairs Pairs and renumber them
from O toLpry, e, *Lpair,-1. . The renumbered tone pairs in ik OFDMA symbol are denoted BRTRp; .
3. Apply the subcarrier permutation formula (equbcarrier_perm) to form the permuted tone-pair® 0 t
Loru, ep,i*Lpair,-1.
4. Map logically contiguous tone-pairg [Lpar;, (+1)*Lpar,-1] into thei-th distributed LRUsj=0,1,...,

Loru, Fri-1.

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

pair(s,m,|,t)= Lpru, rpi*f(M,s)+g(PermSeq(),s,m,I,t ), 1 =0, 1,...4N Egngubcarrier_perin
wherepair(s,m,l,t)is the tone-pair index of the-th tone-pair ((0<A< Lpay,)) in thel-th OFDMA symbol
(0<=<Ngn in thes-th distributed LRU of thé-th subframet is the subframe index with respect to the frame,
sis the distributed LRU index (0<=slsry, rp,), M is the tone-pair index within tHe-th OFDMA symbol.
PermSeq(Js the permutation sequence generated by a funotiby a lookup tableg(PermSeq(),s,m,|i} a

function (TBD) with value from the set [Qpry, rp,i-1]; f(mM,s)is a function (TBD) with value from the set [0,
I—pair,l '1]

The following s proposed kgroposed in 1443r2
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[Editor’s note: following option is proposed in 194 ...]
f(m,s) ={m+13s} modL

pair,|

g(PermSegs, m,l,t) = {{ PermSe{ f (m,s) +s+t+1} modLyg, )} + DL _ PermBasjamodLDRU’FPi
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where

PermSeq(k,rjs is the series obtained by rotating basic peatiart sequencBermSeq(k,0¢yclically to the left r times.
The basic permutation sequence is defined as

PermSeq(k,0) = k, 0<=k<pgru rpi

andDL_PermBaseés an integer ranging from 0 to 31 (TBD), whicts&t to preamble IDCell or specified by
the BCH.

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

Denote the number of LRUs (PRUS) of frequency partii asL gy rpi PRUS, L guepi = FPSi * N2. The subcarrier
permutation is performed in two steps. Step 1 p&mthe whole frequency partition intQgry rp; Virtual distributed
LRUs. Note that the number of virtual distributeBUs equals the number of PRUs in the frequencyitioart Step 2
further formsLpgru rpi distributed LRUs based thery rp; virtual distributed LRUS.

e 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 remaininggy rpi *(PSc- n)) data subcarriers in order, from OLligy pi (PSC- Ny) -1.
Group these contiguous and logically renumberedauiers intoL gy i * Lpar pairs and renumber them
from O toL gy epi *Lpair,-1. . The renumbered tone pairs in tth OFDMA symbol are denoted IRTR:p;,.

3. Apply the subcarrier permutation formula tonfiothe permuted tone-pairs Oligry, pi * Lpair,-1.

4. Map logically contiguous tone-paiti$ [Lpairi,  (+1)*Lpar,-1] into thei-th virtual distributed LRUs,
i=0,1,...,Lirurei-1.

For thes-th virtual distributed LRU of theth subframe, the subcarrier permutation formulgiven by

pair(s,m ) = Ly, ¢, Of(m 9+ d perm sdg), .sn)|
£ (M, 9 = Ly o lnod(m+23s, L, ) (1)

[S+ Fl)’cl(kl)-'- B%( K)]’O< ¢ 6< ey em

g(perm_seq ), s m)=

wherek' is mod(modiftsx23, Lyair )+, Lirurri-1); pair(s, ml) is the tone-pair index of thre-th tone-pair
((0<=mx Lpairy)) in thel-th OFDMA symbol in thes-th virtual LDRU; mis the tone-pair index in tHeth OFDMA
symbol in thes-th virtual distributed LRUs is the virtual LDRU (0<=s 4iru, rp); B () is thej-th element of
the sequence obtained by rotating basic permutaggoence feyclically to the leftc; times; F’Z’02 ( j) is thej-th
element of the sequence obtained by rotating Ipsimutation sequence Byclically to the leftc, times;

C = mod( DL_PermBaseLLRU'FPi); C,= floor(DL_PermBaS)éLLRU‘FPi) . The operation in [ ] is over GE(zy,rp)-
Specifically, in GF(2), addition is binary XOR operation. The basic petation sequences are given in Table 1.

Table 1 — Basic permutation sequences

21
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Ng Basic permutation sequences
2 |GF@ |P |1
P, |1
4 |GF(2) |P |1,23
P, 1,32
8 GF(® |P, |1,2,4,36,7,5
P, |1,4,6,5,2,3,7
16 | GF(2) P, 11,2,4,8,3,6,12, 11,5, 10, 7, 14, 15, 13,9
P, 11,4,3,12,5,7,15,9, 2,8, 6,11, 10, 14, 13
32 | GF(?) P, | 1, 2, 4, 8, 16, 5, 10, 20, 13, 26, 17, 7, 14, 28,34, 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, 10,40 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

e Step 2: In the virtual distributed LRUs, data tgaers from the CRUs are for localized resourcehis step, the
localized resources (i.e. thery rpiPRUS) are “punctured” from the virtual distributel®Us.

1.
2.

Initiate j=0.

N'= Liru, rpi-. All the virtual distributed LRUs are numberedoON-1. Take out all the data tone-pairs of
CRUcp{j] from the virtual distributed LRUs. Then, in théh OFDMA symbol, there arg,i, data
tone-pairs punctured from the virtual distributeUs.

For eacH-th OFDMA symbol|=0,1,...,Nsyn1,

Sequentially, take the tone-pairs from the-1)-th virtual distributed LRUs (Note that “virtla

distributed LRUs with indel’-1" is the virtual distributed LRUs with the higseindex 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 CR4[j]).
During the filling process, the largest possibkgiiency diversity is ensured by the following meitho

e Assume an integer variale= 0,1,...,Lyr-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 thestvirtual distributed
LRUs asc,, v=0,1,...V-1. For eaclt,, check how many data subcarriergjmre from the PRU
which s, belongs to, and denote the numbet,as

o Find the %' virtual distributed LRU with the smalleiamong all the/ virtual distributed

22
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LRUs. Fill tone-pairs,in it.

4. N’ new virtual distributed LRUs are formed.j¥ Ncru-1, j=j+1, go to b); Ifi= Ncry-1, the
subchannelization for distributed resources areed®he resulted virtual distributed LRUS &gy, p.i
distributed LRUs for distributed resource allocatihich are renumbered from Oliggy, p,i-1.

il
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—

pair(s,m,|,t)= Lory, rp,i*f(m,s)+g(PermSeq(),s,.m,l,t), =0, 1,...qyN

PermSeds generated by the following ste;s
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