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OFDMA symbol description, symbol parameters and transmitted signal

1.1. Time domain description

Inverse-Fourier-transforming creates the OFDMA waveform; this time duration is referred to as the useful symbol time Tb. A copy of the last Tg of the useful symbol period, termed CP, is used to collect multipath, while maintaining the orthogonality of the tones. 
Figure 1
 illustrates this structure.
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Figure 1: OFDMA symbol time structure

The transmitter energy increases with the length of the guard time while the receiver energy remains the same (the cyclic extension is discarded), so there is a 
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 dB loss in Eb/N0. Using a cyclic extension, the samples required for performing the FFT at the receiver can be taken anywhere over the length of the extended symbol. This provides multipath immunity as well as a tolerance for symbol time synchronization errors.

On initialization, an SS should search all possible values of CP until it finds the CP being used by the BS. The SS shall use the same CP on the uplink. Once a specific CP duration has been selected by the BS for operation on the downlink, it should not be changed. Changing the CP would force all the SSs to resynchronize to the BS.

1.2. Frequency domain description

The frequency domain description includes the basic structure of an OFDMA symbol. 

An OFDMA symbol is made up of subcarriers, the number of which determines the FFT size used. There are several subcarrier types:

· Data subcarriers: for data transmission

· Pilot subcarriers: for various estimation purposes

· Null carrier: no transmission at all, for guard bands and DC carrier

The purpose of the guard bands is to enable the signal to naturally decay and create the FFT “brick wall” shaping.

In the OFDMA mode, the active subcarriers are divided into subsets of subcarriers, each subset is termed a subchannel. In the downlink, a subchannel may be intended for different (groups of) receivers; in the uplink, a transmitter may be assigned one or more subchannels, several transmitters may transmit simultaneously. The subcarriers forming one subchannel may, but need not be adjacent. The concept is shown in Figure 2.

The symbol is divided into logical subchannels to support scalability, multiple access, and advanced antenna array processing capabilities.
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Figure 2: OFDMA frequency description (3 channel schematic example)

1.3. Primitive parameters

The following four primitive parameters characterize the OFDMA symbol:

· BW: This is the nominal channel bandwidth.

· Nused: Number of used subcarriers (which includes the DC subcarrier).

· n: Sampling factor. This parameter, in conjunction with BW and Nused determines the subcarrier spacing, and the useful symbol time. This value is set as follows: for channel bandwidths that are a multiple of 1.75 MHz then n = 8/7 else for channel bandwidths that are a multiple of any of 1.25, 1.5, 2 or 2.75 MHz then n = 28/25 else for channel bandwidths not otherwise specified then n = 8/7.

· G: This is the ratio of CP time to “useful” time. The following values shall be supported: 1/32, 1/16, 1/8, and 1/4.

1.4. Derived parameters

The following parameters are defined in terms of the primitive parameters of ‎1.3:

· NFFT: Smallest power of two greater than Nused
· Sampling Frequency: 
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· Subcarrier spacing: 
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· Useful symbol time: 
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· CP Time: 
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· OFDMA Symbol Time: 
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· Sampling time: 
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1.5. Transmitted signal

Equation ‎(1) specifies the transmitted signal voltage to the antenna, as a function of time, during any OFDMA symbol.

(1) 
[image: image10.wmf](1)/2

2()

2

(1)/2

0

()Re

used

g

c

used

N

jkftT

jft

k

kN

k

stece

p

p

-

D-

=--

¹

ìü

ïï

=

íý

ïï

îþ

å


where 

· t is the time, elapsed since the beginning of the subject OFDMA symbol, with  
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· ck is a complex number; the data to be transmitted on the subcarrier whose frequency offset index is k, during the subject OFDMA symbol. It specifies a point in a QAM constellation. 

· Tg is the guard time.

· Ts is the OFDMA symbol duration, including guard time.

· 
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is the subcarrier frequency spacing.

OFDMA subcarrier allocations

For OFDMA, 
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. Subtracting the guard tones from NFFT, one obtains the set of “used” subcarriers Nused. For both uplink and downlink, these used subcarriers are allocated to pilot subcarriers and data subcarriers. However, there is a difference between the different possible zones. For FUSC and PUSC, in the downlink, the pilot tones are allocated first; what remains are data subcarriers, which are divided into subchannels that are used exclusively for data. For PUSC in the uplink, the set of used subcarriers is first partitioned into subchannels, and then the pilot subcarriers are allocated from within each subchannel. Thus, in FUSC, there is one set of common pilot subcarriers and in PUSC of the downlink, there is one set of common pilot subcarriers in each major group, but in PUSC of the uplink, each subchannel contains its own set of pilot subcarriers.
1.5.1. Downlink

The downlink can be divided into a three segment structure and includes a preamble which begins the transmission. This preamble subcarriers are divided into three carrier-sets. There are three possible groups consisting of a carrier-sets each, that may used by any segment.

A downlink period will follow Figure 3.
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Figure 3: Downlink transmission basic structure

1.5.1.1. Preamble

The first symbol of the downlink transmission is the preamble; there are three types of preamble carrier-sets, those are defined by allocation of different subcarriers for each one of them; those subcarriers are modulated using a boosted BPSK modulation with a specific Pseudo-Noise (PN) code.

The preamble carrier-sets are defined using Equation ‎(2) 

(2) 
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where,

· 
[image: image16.wmf]n
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 specifies all subcarriers allocated to the specific preamble,

· n is the number of the preamble carrier-set indexed 0...2,

· k is a running index 0...567.

Each segment uses one type of preamble out of the three sets in the following manner:

Each segment uses a preamble composed of a carrier-set out of the three available carrier-sets in the following manner: (In the case of segment 0, the DC carrier will not be modulated at all and the appropriate PN will be discarded; therefore, DC carrier shall always be zeroed. For the preamble symbol there will be 172 guard band subcarriers on the left side and the right side of the spectrum).

· Segment 0 uses preamble carrier-set 0

· Segment 1 uses preamble carrier-set 1

· Segment 2 uses preamble carrier-set 2

Therefore, each segment eventually modulates each third subcarrier. As an example, Figure   depicts the preamble of segment 1 (in this figure subcarrier 0 corresponds to the first subcarrier used on the preamble symbol).
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Figure 4: Downlink basic structure

The PN series modulating the preamble carrier-set are defined in Table 1. The series modulated depends on the segment used and IDcell parameter. The defined series shall be mapped onto the preamble subcarriers in ascending order. Table  includes the PN sequence in an Hexadecimal format. The value of the PN is obtained by converting the series to a binary series (Wk) and starting mapping the PN from the MSB of each symbol to the LSB (0 mapped to +1 and 1 mapped to –1, for example for Index=0, segment =0, Wk = 110000010010..., and the mapping shall follow: –1 –1 +1 +1 +1 +1 +1 –1 +1 +1 –1 +1 ...) :

Table 1: Preamble modulation series per segment and IDcell for the 2k FFT mode

	Index
	IDcell
	Segment
	Series to modulate (Wk)
	PAPR
(informative)

	0
	0
	0
	0xC12B7F736CFFB14B6ABF4EB50A60B7A3B4163EA3360 F697C45075997ACE17BB1512C7C0CEBB34B389D8784553 C0FC60BDE4F166CF7B04856442D97539FB915D80820CED D858483
	4.33

	1
	1
	0
	0xA9F7AC1BD0A4BD694D3EDC2991CC3B2D24BF26A223 46F8DB370202CDA25D382D4119AAC676E320A938A95762 C4078689B6024E477F0EDA8F563106F0D70EBE3E006F75B 50B537D
	4.21

	2
	2
	0
	0x56531FBB87033E4F362273BAF0F8879B45B9F19143E549 4F7B025D138DF057756DE625196292AF6D28FD0AA08453 E5B9871EDAE3E680B848C67BFBD7ADE73CFBBBA4E811 91267A
	4.32

	3
	3
	0
	0xB397F552DEB2717CC19DDF0D59674DD6F6D3866A3FD 023A009F592B56460660F1D585E3078AFE272D97FDF42807 90C3A9E5FCF9910895E9DAF2BF65728F7390C930428B4E6 793C
	4.36

	4
	4
	0
	0x1BD4C84B42DF6B7DC53F6C7B8E223A3B16D8E214CFA 5469A8D22246BCF297E5F92159406608B8A0BB55EF64A85 B1241C5CDFA048CF0492AB3BCF46A8E8FE986F06E246F1 E06C68
	4.49

	5
	5
	0
	0x4E00947B6722B09389EFB4F6951C488B368393E82549483 59287441709C6F0E4463C067733C42A7FA89645D7D69AF2 ACE5402AC473DBF2C75ECB8B630BAF4B27F282249BD52 660
	4.49

	6
	6
	0
	0x494CAB6935E10DB5D6E985997849EA45F0D5E2EDF767 0BFD9643531760D9F7CC01DD63BEEDFECB7E806F3F189 291C074C8289D93A95324D131391E23EB9CEEAB0E789DA 1F5B9CB
	4.35

	7
	7
	0
	0x4C5F10264D6C5085346E86BF8567294523C1B683D2A220 D9BEDCEBBA110620BB53ECB0338BE7109240E22EC902F CA05F97338BB9DF2DDEAF7C795BCB160BD4F01A6DBF2 A729373
	4.48

	8
	8
	0
	0x79797D9AB260C20D5A460CDC49B2D0285E095E835EAF 2ECC74E010DD8A53797CE0EC2EEBA51E779AA6B749B8 E69FFDD632AC79D64143467E73017113BCDF45E787D0A9 EAC3D22E
	4.48

	9
	9
	0
	0xA1B9AC2C3D5B9BAAE5067C9E4A83C167076BE7D8699 ACA710FF205DE774FD46DD5F7851A2149D61E57152B98B 6AF4194B6FED90ADA008D1D5F8DD87E8060F943BC9124 C1999236
	4.55

	10
	10
	0
	0x066E5FA91D00D63B26036009F8C69142B9D936396FF9E13 786478BBFF5DE6F184A0F844663950F69AFEDEA93CA4A3 BF94B13175A2CBBA3836A34E5CE6D763767B35515F332D 836
	4,54

	11
	11
	0
	0xF443E9FBF763DA2A5137A57C7DA504D194EC1797AD3 3365BAC2F0C94541F4D47A664A7A17308C37E06BB0826F F999C15EE430A3CC54159E3B7EEBD5FF307BB24A939AB 261E2B3C
	4.53

	12
	12
	0
	0xF38BE6D2108483C056088C5E7C8BF92E9C973E0B2ADA 9342B46C06C4C2516CF7B9E6043E2947AD40F41734E02A9 ADCE9C70E03C4D50E7EAC73DAD56BDBB796289DDCC3 57776DE2
	4.55

	13
	13
	0
	0x104AA84E70B163A42654A45995182B1C3DD63F4BCB09 ECA79A0D6D2D2A784DD6015794598310BE087F75019227 F899744B7C73A9008C83C0923D5DC154FB2DCBF8983E70 9BCDF3
	4.54

	14
	14
	0
	0x0B49A507AC4EAAC7551FC4B00658A28D951FC81723C C1C024AAC6A9DE9686383C28036C762C020012D797866D E589B36BB95DFDAC2B3D0AB9DDE0B9719918062FE824E 063BA3EC
	4.52

	15
	15
	0
	0x64C14C7D3725A74923E6B2FB1C3BDC77FEE58CB0AF3 10EC37F22C93E2C809AE8410963E6CF5E7E192502960F027 2244A31D2CDDC657BCFF422E29C50D5E82EDCB4457918 1BBA4D
	4.41

	16
	16
	0
	0x210D8A8E602BD53F981BE763E10F4730BDA53D2F89BD 1D91C8F2DD5B96732935F789F643911937344E9F2ECF3222 AB076BC2B5EE407DC581F0EF9FFBD56D14D137A0418A DA06D0
	4.47

	17
	17
	0
	0x88960A88E3F79C95D525DB49679C20A736D0E9E4D1FC B9DE7735AE1E947F4E93637E98143D6BB779394C58F2AC 5A9BD7B2074E98F1B2026B67B507CAAD8076082B09FB34 5DA02D
	4.54

	18
	18
	0
	0x1D2D5C8CDEAFCA5EC180D9638CD0F277AF08AB5133 E6D60C919AADAD00569E5F902D40500542631FB729FC3A F456C9A47E3EB967D51E09D712D8D49A028E738BEC9006 1B089C9F
	4.55

	19
	19
	0
	0xA063E03DE6C137F3FC56F970052BCF7333C8451BF5D18 D1B9AA5342E79C25451C1D862ECB5CFF21B7CC203817D 78C192EE1A68976652E1740C4B123552C85CEE524A2AA90 D428B
	4..66

	20
	20
	0
	0xD2A7F126A9599093A9262E66A2471B6B6A2ACB0A4330 A114011366CBC3B01CC85CF1915982BE64DDDF8EEA098 5D8F47BC4B41381C58271C30578960EEFB054F299C721B8 1D5DFE
	4.52

	21
	21
	0
	0x7682842351C76BC8E4A7EA4EDDB0F92F6E876FCFDFD AA4987B38FC4FA47C52EF0070DCC8C77FA622B20BEBC2 373011660B4960EF49FB5E519D79E12029C7D13C553EDC4 8564A52
	4.58

	22
	22
	0
	0xAD6143F875C4C965A7018B8230D8D50297DA2C54A6D D52EA6207620F4A66EAFEBC4DD56233FF5DF78FB20CD7 4ECC6D01232FCFB9CBD36B3381F0224EF5DE7BE0AFEF0 A1AEF3D82
	4.63

	23
	23
	0
	0x9A14B722E05D8455A80B4A1B1D12A30C1E25D9488BA D486C639CC7BDF651E957E041A7C092A916BF3E3642121 350579B3F8F8F4A30570237E722A6DC532A26F4FD4A0767 D91A8B
	4.72

	24
	24
	0
	0xE6944DEEE85D75E3C5D9B90912177D8A85909D87AC21 FA4A51660E11D30DBEED391E5972D000EF4E9BF30B63B 18C0285FE4151A4231C289A824D405142B7C775C3C68D8A A1D8A7
	4.64

	25
	25
	0
	0x9927326FDFEC99025AA1B79364F06C63AFE4A96C2A20 FF8B151EF97AFD08E161EA6B10A1FA74794521DE02645C 2561D3BEA5D382AE3707112619403E23C724B36B791DFA FEAA3A
	4.52

	26
	26
	0
	0x03C19F38117AE5BDADF256FB4A223A660E2D626598F5 6580E30FA2E40A521FE5D68709B7F62E4C08CB9A26AE12 002AD2FA9DE6C2B298538556EFBA71626A02745C3DB5E BADD3F3
	4.43

	27
	27
	0
	0xCBA035B40EB7C8A3A048C490E38935CBF956C58AFC8 91A6C112C0321CF5262498915794DCA703BD31A96FF4C06 36F2D5E9F17C23F1486B90715597D565017CB8E424DE9A8 E464E
	4.76

	28
	28
	0
	0x9321B7BE085143649644BCDF8342FCAD3462DA1C5722 27B039BBC6F58B52EEED2ACFB38F9CAA2BA2F513A87B 10DD19DEFB6A9972EE12D81C83DBFB3CFCC93D35ED25 2D0E1A3D1E
	4.67

	29
	29
	0
	0x215F6EA7C7F95C74828485AABF6A5F54FD32D1A8F4F6 F1C20E6CDB57FA81ED70DFE44ACCD4B37D4F01AD3BF3 1AFBB38A4DDBC613C8809E46C1247222E5041D8CDC08F 37F679878
	4.51

	30
	30
	0
	0xB5ABE9FC329600031F97DEA8CF5B17EC432BB9F19082 A3CFA2682AAF121EE855873119A78869AF988BD90C64A7 F31224727D22F74D7499AF6CD3B649C54AED6DC84DD8A B876B84
	4.74

	31
	31
	0
	0x956D097E914338D226020B8A3BA5B3BB8733A9723CF19 485DD9D22670B1328B825A6BA154586EDE60EB328AF8D F114182EDAEE401620A1E870BFFFF430922893C1F54A87A 90BD3
	4.78

	32
	0
	1
	0x251D994101EDA04D8BD0B8EA6FA20AE590C2CC199A B083C6AE61F091F2DD41D989EC164B1481D611BE9CEA0 094AFE9DB56A4763F55B26E54EAB73ACD7D4BBA64C14 21BC3EB9D67
	4.61

	33
	1
	1
	0x113A5FB9C529AADC9CAB1FB882905601778659CDB69 AFCBADDF8B42314A7985B5F87C20692309D350454FF932 6481683FADAE4711DD0CC5DACEDF7CD5DF1177D60EB A4DBE657F1
	4.68

	34
	2
	1
	0x9F08189EFC6B5DE6C2CFDCD13195DE077586B8EE01E0 0B6468B10A53FAAC1DD846E2A01681980D444B6AD0D34 C34EC9CFD9341507878EC9FBAE498F5A20614BDF3E4B22 DD285E6
	4.63

	35
	3
	1
	0x3ECD476669A04A260414FD16F3F525AA060F20ADD933 4A29A9D9F90618916EF51840C8F53AB596297F0782BEF42 6E8B8539C9FDE970455B58F533FDAC1711DE6310E7596E D285E
	4.58

	36
	4
	1
	0x3D6BD09A3DBD9ECCC1C584E71C87221CD266087C7A6 92D3EFF2D5F84DF2011EA3675853A61CD75D23600F8C11 5E03406AF914938170256B86DA5646CE0211FFDCD76A9A 5E8D840
	4.68

	37
	5
	1
	0x27F0DA91D4AD1F39F0EAD459E2705CB2CA029A8E575 92F1697877199FF707D0411D6068A0664594D89568460F268 A225BB2AC0ED043659D779EA84656DEC0322F8C0CB111 AD2C8
	4.60

	38
	6
	1
	0x616FBCE479AAAC98B483FCF6EC06BBA84580EA98FA5 17B3065A418CAF2C965B7AF2E7866B257390517016F25214 90088193372879FAA8954651E7B3C80BA1725CB781726F32 328
	4.71

	39
	7
	1
	0x357714863C5F477BE963806EA9D6EF6350BAFC1C183FC C6BB47FFFEAA9FFD86358918F6A218266D624CA07092EC 24466C7F7120C1887A3F59A48EBAB67F24A6E8930B862F5 09A3
	4.60

	40
	8
	1
	0xABE49D0F8B9C8406BD70B3FD83758768CDBA98164B9 29A1EA18D59BD44B80F9BBEF9D1CE51E4EE1CF21F6CC F18A7D4A92C26C121A22FC95663F0B55B892CF7D3D6581 2A503DA48
	4.63

	41
	9
	1
	0x6898A2FC8C36DF0B84380FBCDE70812390B644E3B5BE A87D76C9123477638B331BEBC075664EA58C15680263664 C48BF3411C3C13789C504A01FB4C7B9AC86AA524075E52 C6A90
	4.65

	42
	10
	1
	0xE7709988D2D2D6ABC6CEFB025FFCAFCA4C0E75C8835 29EA439B75229ECE88FB5BD5D3BCA17C25BEB6575D932 D01B5A63E044102E208C071C734EBA55712E122822ED2F2 B379A11
	4.84

	43
	11
	1
	0xE49DCC8627542BA30FA500DCC23EEBF5A54B490EE76 32C6BE57C724C3E74CD199930AB1D929D425185E2E1220 CD2300F487392F4DC29416D332F13F8E760571D99617B263 F387D
	4.66

	44
	12
	1
	0xEE4CBD9B0EC65DE6DA78A2A205E5908B74127BDE612 A9BD2D8F0C6A2B9E675401A9DDAA30FF9A55E87DAFF A3A33E53AAA1D96A60B326D7F6FA147098DD825BD0FB 13ADDFE01569
	4.65

	45
	13
	1
	0xAD7DAD0BCA42DEDAFCCF7E57DC58D00E691E81C04 B98B2EDB66C66570B204B8352A08744D8A603C2A7769C7 A9EE938189A45737B86871E5C4025EE594D827C603E3A49 FD45519F
	4.58

	46
	14
	1
	0xF8F29BA0D2FA2D529EAF2CE9383E614F5AE8CA06658 DD039AB2C9912DFC7CD1BA9744339E537850B7E4EA564 819772D3320B1C7BA73EC24D90B8DCE17EA5DAD53771F 68B050F43
	4.68

	47
	15
	1
	0x9CC0ECC9E7E8940DFED1332AF492CFD39A21F2820394 EF0523019EE5290A2B4281FF032C238A6BE41116C274E91 8F34F3A27B5F147E10D41658CDC7EFEDC3135255C2B83B 0AE6A
	4.81

	48
	16
	1
	0xFCE9C41A74CBB56634447836109869E557C5A0FAA1D4 566E36A51258CE6D096FBD3E0B7193418D9DFCBD27693F 8A5072425D4E3F33DB5AB45B1EF3E11A6730BED42961D F0354CD
	4.72

	49
	17
	1
	0x7941B66A275FB8F0BAA8EF7FFCC36AAA660113B66BE 476D629AE512E489341F6C9F84EC1BE1C05CA3C850D20B 1A12AA9C94E1A6541C29A9B4BCD41B94460DEF2E9643A DCE86728
	4.62

	50
	18
	1
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1.5.1.2. Symbol structure

1.5.1.2.1. Symbol structure for PUSC
The symbol structure is constructed using pilots, data, and zero subcarriers. The symbol is first divided into basic clusters and zero carriers are allocated. Pilots and data carriers are allocated within each cluster. Table 2   summarizes the parameters of the symbol structure.

Table 2: OFDMA downlink carrier allocations—PUSC

	Parameter
	Value
	Comments

	Number of DC subcarriers
	1
	Index 1024 (counting from 0)

	Number of Guard subcarriers, Left
	184
	

	Number of Guard subcarriers, Right
	183
	

	Number of used subcarriers (
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	1681
	Number of all subcarriers used within a symbol, 
including all possible allocated pilots and the DC 
carrier.

	Number of subcarriers per cluster
	14
	

	Number of clusters
	120
	

	Renumbering sequence
	1
	Used to renumber clusters before allocation to 
subchannels:

6, 108, 37, 81, 31, 100, 42, 116, 32, 107, 30, 93, 54, 78, 10, 75, 50, 111, 58, 106, 23, 105, 16, 117, 39, 95, 7, 115, 25, 119, 53, 71, 22, 98, 28, 79, 17, 63, 27, 72, 29, 86, 5, 101, 49, 104, 9, 68, 1, 73, 36, 74, 43, 62, 20, 84, 52, 64, 34, 60, 66, 48, 97, 21, 91, 40, 102, 56, 92, 47, 90, 33, 114, 18, 70, 15, 110, 51, 118, 46, 83, 45, 76, 57, 99, 35, 67, 55, 85, 59, 113, 11, 82, 38, 88, 19, 77, 3, 87, 12, 89, 26, 65, 41, 109, 44, 69, 8, 61, 13, 96, 14, 103, 2, 80, 24, 112, 4, 94, 0

	Number of data subcarriers in each symbol per subchannel 
	24
	

	Number of subchannels
	60
	

	Basic permutation sequence 12 (for 12 subchannels)
	
	6,9,4,8,10,11,5,2,7,3,1,0

	Basic permutation sequence 8 (for 8 subchannels)
	4
	7,4,0,2,1,5,3,6


Figure 5 depicts the cluster structure.
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Figure 5: Cluster structure

1.5.1.2.1.1. Downlink subchannels subcarrier allocation in PUSC

The carrier allocation to subchannels is performed using the following procedure:

· Dividing the subcarriers into 120 physical clusters containing 14 adjacent subcarriers each (starting from carrier 0).

· Renumbering the physical clusters into logical clusters using the following formula: 
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· Dividing the clusters into six major groups. Group 0 includes clusters 0–23, group 1 includes clusters 24–39, group 2 includes clusters 40–63, group 3 includes clusters 64–79, group 4 includes clusters 80–103, group 5 includes clusters 104–119. These groups may be allocated to segments, if a segment is being used, then at least one group shall be allocated to it (by default group 0 is allocated to sector 0, group 2 is allocated to sector 1, and group 4 to is allocated sector 2).

· Allocating subcarriers to subchannels in each major group is performed separately for each OFDMA symbol by first allocating the pilot carriers within each cluster, and then taking all remaining data carriers within the symbol and using the same procedure described in FUSC (with the parameters from Table 2, using the PermutationBasebasic permutation sequence appropriate for each major group, basic permutation sequence 12 for even numbered major groups, and basic permutation sequence 8 for odd numbered major groups) to partition the subcarriers into subchannels containing 24 data subcarriers in each symbol. Note that the preamble IDcell is used for the first PUSC zone in Equation xx). The subcarrier indexing within each group shall start from 0, where 0 is the lowest number subcarrier in the lowest numbered logical cluster belonging to the group.

1.5.1.2.2. Symbol structure for FUSC

The symbol structure is constructed using pilots, data, and zero subcarriers. The symbol is first allocated with the appropriate pilots and with zero subcarriers, and then all the remaining subcarriers are used as data subcarriers (these will be divided into subchannels).

There are two variable pilot-sets and two constant pilot-sets. In FUSC, each segment uses both sets of variable/constant pilot-sets. Table 3 summarizes the parameters of the symbol.

Table 3: OFDMA downlink carrier allocations—FUSC
	Parameter
	Value
	Comments

	Number of DC Subcarriers
	1
	Index 1024 (counting from 0)

	Number of Guard Subcarriers, Left
	173
	

	Number of Guard Subcarriers, Right
	172
	

	Number of Used Subcarriers (Nused)
	1703
	Number of all subcarriers used within a symbol, 
including all possible allocated pilots and the DC 
carrier.

	Pilots
	
	

	VariableSet #0
	71
	0,72,144,216,288,360,432,504,576,648,720,792,864,

936,1008,1080,1152,1224,1296,1368,1440,1512,1584,

1656,48,120,192,264,336,408,480,552,624,696,768,

840,912,984,1056,1128,1200,1272,1344,1416,1488,

1560,1632,24,96,168,240,312,384,456,528,600,672,

744,816,888,960,1032,1104,1176,1248,1320,1392,

1464,1536,1608,1680

	ConstantSet #0
	12
	9,153,297,441,585,729,873,1017,1161,1305,1449

,1593,

	VariableSet #1
	71
	36,108,180,252,324,396,468,540,612,684,756,828,

900,972,1044,1116,1188,1260,1332,1404,1476,1548,

1620,1692,12,84,156,228,300,372,444,516,588,660,

732,804,876,948,1020,1092,1164,1236,1308,1380,

1452,1524,1596,1668,60,132,204,276,348,420,492,

564,636,,708,780,852,924,996,1068,1140,1212,1284,

1356,1428,1500,1572,1644

	ConstantSet #1
	24
	81,225,369,513,657,801,945,1089,1233,1377,152

1,1665

	Number of data subcarriers
	1536
	

	Number of data subcarriers per subchannel
	48
	

	Number of Subchannels
	32
	

	Basic permutation sequence
	
	3, 18, 2, 8, 16, 10, 11, 15, 26, 22, 6, 9, 27, 20, 25, 1, 29, 7, 21, 5, 28, 31, 23, 17, 4, 24, 0, 13, 12, 19, 14, 30


The Variable set of pilots embedded within the symbol of each segment shall obey the following rule:

(3) 
[image: image21.wmf]#6(_ mod 2)

PilotsLocationVariableSetxFUSCSymbolNumb

er

=+×


where FUSC_SymbolNumber counts the FUSC symbols used in the current zone starting from 0.

Figure 6 depicts as an example of the symbol allocation for segment 0 on the first symbol.
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Figure 6: Downlink symbol structure for segment 0 on first symbol using FUSC

1.5.1.2.2.1. Downlink subchannels subcarrier allocation

Each subchannel is composed of 48 subcarriers. The subchannel indices are formulated using a Reed-Solomon series, and is allocated out of the data subcarriers domain. The data subcarriers domain includes 48*32=1536 subcarriers, which are the remaining subcarriers after removing from the subcarrier's domain (0-2047) all possible pilots and zero subcarriers (including the DC subcarrier).

After allocating the data subcarriers domain, the procedure of partitioning those subcarriers into subchannels shall be as specified in the following section.

1.5.1.2.2.2. Partitioning of data subcarriers into subchannels in downlink FUSC

After mapping all pilots, the remainder of the used subcarriers are used to define the data subchannels.

To allocate the data subchannels, the remaining subcarriers are partitioned into groups of contiguous subcarriers. Each subchannel consists of one subcarrier from each of these groups. The number of groups is therefore equal to the number of subcarriers per subchannel, and it is denoted Nsubcarriers. The number of the subcarriers in a group is equal to the number of subchannels, and it is denoted Nsubchannels. The number of data subcarriers is thus equal to 
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The exact partitioning into subchannels is according to Equation ‎(4), called a permutation formula.

(4) 
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where,

· subcarrier(k,s) is the subcarrier index of subcarrier k in subchannel s,
· s is the index number of a subchannel, from the set [0...Nsubchannels-1],
· 
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 where k is the subcarrier-in-subchannel index from the set [0...Nsubcarriers-1]
· Nsubchannels is the number of subchannels (for PUSC use number of subchannels in the currently partitioned Major group),

· Ps[j] is the series obtained by rotating basic permutation sequence cyclically to the left s times,

· Nsubcarriers is number of data subcarriers allocated to a subchannel in each OFDMA symbol,

· DL_PermBase is an integer ranging from 0 to 31, which is set to preamble IDCell in the first zone and determined by the DL-MAP for other zones.
The numerical parameters are given in Table 3.

On initialization, an SS must search for the downlink preamble. After finding the preamble, the user shall know the IDcell used for the data subchannels.

1.5.2. Uplink

The following section defines the uplink transmission and symbol structure. The uplink follows the downlink model, therefore it also supports up to three segments.

The uplink supports 70 subchannels where each transmission uses 48 data carriers as the minimal block of processing. Each new transmission for the uplink commences with the parameters as given in the following table.

Table 4: OFDMA uplink subcarrier allocations

	Parameter
	Value

	Number of dc subcarriers
	1 (Index 1024, counting from 0)

	Guard subcarriers: Left, Right
	184, 183

	TilePermutation
	6, 48, 58, 57, 50, 1, 13, 26, 46, 44, 30, 3, 27, 53, 22, 18, 61, 7, 55, 36, 45, 37, 52, 15, 40, 2, 20, 4, 34, 31, 10, 5, 41, 9, 69, 63, 21, 11, 12, 19, 68, 56, 43, 23, 25, 39, 66, 42, 16, 47, 51, 8, 62, 14, 33, 24, 32, 17, 54, 29, 67, 49, 65, 35, 38, 59, 64, 28, 60, 0

	Nsubchannels
	70

	Nsubcarriers
	48

	Ntiles
	420

	Tiles per subchannel
	6


1.5.2.1. Symbol structure for subchannel (PUSC)

A slot in the uplink is composed of three OFDMA symbols and one subchannel, within each slot, there are 48 data subcarriers and 24 fixed-location pilots.

The subchannel is constructed from six uplink tiles, each tile has four successive active subcarriers and its configuration is illustrated in the following figure.
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Figure 7: Description of an uplink tile

1.5.2.2. Partitioning of subcarriers into subchannels in the uplink

The allocated frequency band shall be divided into 420 tiles, the allocation of tiles to subchannels is performed in the following manner:

· Divide the 420 tiles into six groups, containing 70 adjacent tiles each. Tiles are considered adjacent if they have successive physical indices.

· Choose six tiles per subchannel using Equation ‎(5).

(5) 
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where,

· n
is the tile index 0…5

· Pt
is the tile permutation

· s
is the subchannel number

· UL_PermBase
is an integer value in the range 0…69, which is assigned by a management entity.

After allocating the tiles for each subchannel the data subcarriers per slot are enumerated by the following process:

· After allocating the pilot carriers within each tile, indexing of the data subcarriers within theeach slot is performed starting from the first symbol at the lowest indexed subcarrier of the lowest indexed tile and continuing in an ascending manner throughout the slot's subcarriers in the same symbol, then going to the next symbol at the lowest indexed data subcarrier, and so on. Data subcarriers shall be indexed from 0 to 47.

· The mapping of data onto the subcarriers will follow Equation ‎(6). This equation calculates the subcarrier index (as assigned in item 1) to which the data constellation point is to be mapped.

(6) 
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where,

· n
is a running index 0…47, indicating the data constellation point,

· s
is the subchannel number, 
· Nsubcarriers
is the number of subcarriers per slot.

For example, for subchannel 1 (s = 1), the first data constellation point (n = 0) is mapped onto subcarrier (0,1) = 13, where 13 is the subcarrier with index 13. Considering the PUSC tile structure, it can be seen that this is the second indexed subcarrier on the second symbol within the slot. Similarly, for subchannel 3, the ninth data constellation point (n = 8) is mapped onto subcarrier (8, 3) = 47, this is the last indexed subcarrier of the third symbol within the slot.

1.6. OFDMA ranging 

A ranging channel is composed of one or more groups of six adjacent subchannels, using the symbol structure defined in Figure 7, where the groups are defined starting from the first subchannel. Optionally, ranging channel can be composed of one or more groups of eight adjacent subchannels using the symbol structure defined in   8.4.6.3. Subchannels are considered adjacent if they have successive logical subchannel numbers. The indices of the subchannels that compose the ranging channel are specified in the UL-MAP message. Users are allowed to collide on this ranging channel. To effect a ranging transmission, each user randomly chooses one ranging code from a bank of specified binary codes. These codes are then BPSK modulated onto the subcarriers in the ranging channel, one bit per subcarrier (subcarriers used for ranging shall be modulated with the waveform specified in Figures 8 and 9, and are not restricted to any time grid specified for the data subchannels).

1.6.1. Initial-ranging transmissions


The initial ranging transmission shall be used by any SS that wants to synchronize to the system channel for the first time. An initial-ranging transmission shall be performed during two consecutive symbols. The same ranging code is transmitted on the ranging channel during each symbol, with no phase discontinuity between the two symbols. A time-domain illustration of the initial-ranging transmission is shown in Figure 8.
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Figure 8: Initial-ranging transmission for OFDMA

The transmitted signal is according to section ‎1.5, Equation ‎(1), except that 
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The BS can allocate two consecutive initial ranging slots; onto those the SS shall transmit the two consecutive initial ranging codes (starting code shall always be a multiple of 2), as illustrated in Figure 9.
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Figure 9: Initial-ranging transmission for OFDMA, using two consecutive initial ranging codes

1.6.2. Periodic-ranging and bandwidth-request transmissions

Periodic-ranging transmissions are sent periodically for system periodic ranging. Bandwidth-requests transmissions are for requesting uplink allocations from the BS.

These transmissions shall be sent only by SS that have already synchronized to the system.

To perform either a periodic-ranging or bandwidth-request transmission, the SS can send a transmission in one of the following ways:

1. Modulate one ranging code on the ranging subchannel for a period of one OFDMA symbol. Ranging subchannels are dynamically allocated by the MAC layer and indicated in the UL-MAP. A time- domain illustration of the periodic-ranging or bandwidth-request transmission is shown in Figure 10.

[image: image32.png]guard
iterval time

copy samples

OFDM symbol period




Figure 10: Periodic-ranging or bandwidth-request transmission for OFDMA using one code

2. Modulating three consecutive ranging codes (starting code shall always be a multiple of 3) on the ranging subchannel for a period of three OFDMA symbols (one code per symbol). Ranging subchannels are dynamically allocated by the MAC layer and indicated in the UL-MAP. A time- domain illustration of the periodic-ranging or bandwidth-request transmission is shown in Figure 11.
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Figure 11: Periodic-ranging or bandwidth-request transmission for OFDMA using three consecutive codes

1.6.3. Ranging codes

The binary codes are the pseudonoise codes produced by the PRBS described in Figure 12, which implements the polynomial generator 1+x+x4+x7+x15. The PRBS generator shall be initialized by the seed b14...b0 = 0,0,1,0,1,0,1,1,s0,s1,s2,s3,s4,s5,s6 where s6 is the MSB LSB of the PRBS seed, and s6:s0 = UL_PermBase, where s6 is the MSB of UL_IDcellPermBase.
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Figure 12: PRBS for ranging code generation

The binary ranging codes are subsequences of the pseudonoise sequence appearing at its output Ck. The length of each ranging code is 144 bits. These bits are used to modulate the subcarriers in a group of six adjacent subchannels, where subchannels are considered adjacent if they have successive logical subchannel numbers. The bits are mapped to the subcarriers in increasing frequency order of the subcarriers, such that the lowest indexed bit modulates the sub-carrier with the lowest frequency index and the highest indexed bit modulates the sub-carrier with the highest frequency index. The index of the lowest numbered subchannel in the six shall be an integer multiple of six. The six subchannels are called a ranging subchannel. The ranging subchannel is referenced in the ranging and Bandwidth Request messages by the index of lowest numbered subchannel.

For example, the first 144 bit code obtained by clocking the PN generator as specified, with UL_PermBase = 0, the first code shall be .00110000010001... The next ranging code is produced by taking the output of the 145th to 288th clock of the PRBS, etc.

The number of available codes is 256, numbered 0..255. Each BS uses a subgroup of these codes, where the subgroup is defined by a number S, 0 ( S ( 255. The group of codes will be between S and ((S+N+M+L) mod 256).

· The first N codes produced are for initial-ranging. Clock the PRBS generator 144  (S mod 256) times to 144  ((S + N) mod 256) - 1 times.

· The next M codes produced are for periodic-ranging. Clock the PRBS generator 144  ((N + S) mod 256) times to 144  ((N + M + S) mod 256) –1 times.

· The next L codes produced are for bandwidth-requests. Clock the PRBS generator 144  ((N + M + S) mod 256) times to 144  ((N + M + L + S) mod 256) –1 times.

Ranging and BW request opportunity size

For CDMA ranging and BW request, the ranging opportunity size is the number of symbols required to transmit the appropriate ranging/BW request code (1,2,3 or 4 symbols), and is denoted N1. N2 denotes the number of subchannels required to transmit a ranging code (6). In each ranging/BW request allocation, the opportunity size (N1) is fixed and conveyed by the corresponding UL_MAP_IE that defines the allocation.

The ranging allocation is subdivided into slots of N1 OFDMA symbols by N2 subchannels, in a time first order, i.e. the first opportunity begins on the first symbol of the first subchannel of the ranging allocation, the next opportunities appear in ascending order in the same subchannel, until the end of the ranging/BW request allocation (or until there are less than N1 symbols in the current subchannel), and then the number of subchannel is incremented by N2. The ranging allocation is not required to be a whole multiple of N1 symbols, so a gap may be formed (that can be used to mitigate interference between ranging and data transmissions). Each CDMA code will be transmitted at the beginning of the corresponding slot. See Figure 13.
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Figure 13: Ranging/BW request opportunities
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