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Ranging Channel Structure for 16m Only Mode

d In current AWD [802.16m-09/001012|
Copy Sampies ]_I_l l COPY Sampes ]_I_l
* 4 structures with 5 formats
* Need to check the performance i =
{a) Structure 1
of Format 4 and its usage
v" Can use freq. domain detector? I p—— 1
v" High-complexity & phase discontinuity?
Table 721—Ranging channel formats and parameters {b) Structure 2
Format No. Ranging Channel Structure Tocp Tpp Afgp e
0 Structure 1 L copy saTples |_I_|
T,+kx T® 2x 7T
1 Structure 3 Af/2
2 Structure 2 mxI+nxT,® [ 2x2x7,0 T Ter :
3 Structure 3 TxI,+T, 8x 7T, AF/8 (e} Strusture 2
+ Stretr + E TE' :l‘f c:h:::urp-e-'s Copy samples COpY SaMphes =y ]
= Remove the Structure 4 & Format 4 i I . —
Syntax (zliii) Notes | |E|:|: Structure 4
_ 0b00 : Ranging channel format 0 Figure 500—Ranging channel structures in the time domain
Ranging 0b01 : Ranging channel format 1
channel 2 .
formats 0b10 : Ranging channel format 2
0b11 : Ranging channel format 3

%% See Appendix for the simulation results.



Ranging Channel Structure for Legacy Support Mode

1 Reuse of legacy ranging structure without new structure

e pions 1 Options | Option;

Ranging Structure Legacy 2-symbol Legacy 2-symbol Legacy 4-symbol
Bandwidth / Zone 6 subchannels in L-Zone 6 DRUs in M-Zone 3, 4, or 5 DRUs in M-Zone
144 subcarriers X 144 subcarriers X :
Overhead 3 symbols (w or w/o 6 symbols (72 ug):l;l:lggfsners X
overlapping with 16e) (Multi-RCH allocation?) Y
_ ?
RNG-RSP / Procedure A (Ne.ec.l to Sy M-Zone (16m-based) M-Zone (16m-based)
the feasibility)
Signaling for Resource :
Allocation Complicated Easy Easy
How to distinguish b/w Additional function is
Legacy and 16m MSs necessary, e.g., 16e code Implicit (MZone) Implicit (MZone)
ranging signals partition
Need to verify, e.g., impact :
Performance on the legacy/16m Better than 16e A7 Rl
performance

performance

= Slightly prefer Option 1 or 3
v’ It is preferable 1) to maintain the same procedure in 16m only and 2) to reuse the 16e structure,
3) not to make new additional structure & functions, 4) to reduce the ranging overhead, 5) to
support comparable or better performance than 16e, etc.
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Ranging Resource Allocations for Legacy Support Mode

0 For Option 1: IR+HO+Periodic in LZone

« 1tand 2" OFDMA symbols : initial/handover ranging ch.

« 39 OFDMA symbol : periodic ranging ch.
v" Can it be allocated by unit of 3 symbols?
v" Can it restrict legacy ranging allocation?

d For Option 2: IR+HO+Periodic in the same Lzone subframe
e (ase1:two initial/handover ranging ch. & two periodic ranging ch.
v ‘vtand 2" & ‘4t and 5t (or 379 and 4%)’ OFDMA symbols : each initial/handover ranging ch.
v 3 %(or 5th) and ‘6™ OFDMA symbols : each periodic ranging ch. (if it is 1-symbol structure)
» (ase 2 :one initial & one handover ranging ch. & two periodic ranging ch.
v' ‘rfand 2" OFDMA symbols : a initial ranging ch.
v' ‘4thand st (or 3'4 and 4™")’ OFDMA symbols : a handover ranging ch.
v 3 %(or 5th) and ‘6™ OFDMA symbols : each periodic ranging ch.
d For Option 3: IR+tHO+Periodic in the same Lzone subframe
e C(ase1:one initial/handover ch. & one periodic ranging ch.
V' ‘1t ~4" OFDMA symbols : a initial/handover ranging ch.
v’ ‘5th -6 OFDMA symbols : a periodic ranging ch.
» C(ase 2 : one initial/handover/periodic ranging ch.
V' ‘1t ~4"” OFDMA symbols : a initial ranging ch.



Ranging Code Allocations for Legacy Support Mode

U Reuse of legacy ranging codes

e Option1 : Use of remaining legacy ranging codes with the same seed
v How to indicate the ranging code configurations in Lzone?
v # of legacy codes enough to accommodate 16m MSs (code partitioning)?
v" Other possible impacts?

e Option 2 : Use of the same 16e ranging codes in MZone

e Option 3 : Use of the new ranging codes in MZone



Ranging Preamble Code

0 Zadoff-Chu codes

e Properties
v" Sharp auto-correlation properties

v" Low cross-correlation properties

_ _ rk(k+1)+2-k-s- N
v" Low PAPR/CM properties x,(k)=exp| -j-7

j , k=01,...,Nq -1

v" Constant amplitude Neo
» Increased # of codes in the small cells
v' E.g., 1529 (=11*139) in 0.5 km cell radius
v' E.g., 1251 (=9*139) in 1.0 km cell radius
e Small no. of codes in the large cells [ RNG codes information 2 Parameters for detemining the root
v' E.g., 139 in 12~18 km cell radius e e R —
O Computer generated/other codes T
 Isit possible to find a ranging code Root index : 7 bits

Cyclic shift unit[Ncs] : 4 bits

comparable to ZC codes?

= ZC codes with cyclic shifts



Normalized auto-correlation

Normalized cross-correlation

Correlation Properties
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PAPR [dB]

PAPR/CM Properties

PAPR CM
I I I 1 6 T T T T
12 16e:AMC (144 length) || 16e:AMC (144 length)
16e:PUSC (144 length) 5 16e:PUSC (144 length) | |
ZC:AMC (139 length) ZC:AMC (139 length)
ZC:AMC (349 length)

ZC:AMC (349 length)

EMdB]
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sequence index

(b) CM
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sequence index

(a) PAPR
< PAPR and CM Properties >



Performance w or w/o Cyclic Shift

d Increased Ranging Performance

10

10"

10

10

* The cross-correlation is zero among different cyclic shifted codes with same
root index

e With reduced cross-correlation, the performance is improved
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Variance of Timing Estimation Error in Samples
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|[Example] Ranging Configurations for 802.16m

E Idle Time
16m Superframe

-
—y_

|6m Frame |

i

|
™™ Subframe | | | |
|

e 16m Frame /s 16m Frame

FDD  pe >/ TDD [ - |,
Mode |U|U|U|U|U|U|U|U DID|D|DIDgU|U|U
(UL) | | Mode
™ Subframe | ¥ Subframe : I
| | I | - |
Py=1 & Og=1 : N : N=1 Ng-=0 & Og=1 : | : N~
|
| _ | ! s |
Py & 040 Y NS Nl &0y NN

: Ranging subframe(s)

* The ranging channels are allocated in the frame level, depending on the value of “P.,” e.g., in
every frames (P;=0), every odd frames (P;=1) or only one frame (P;=2).

* In the ranging allocated frame, (Pg+1) ranging channels can be allocated.

* For the increased time-domain opportunities, Oy denotes a subframe-level offset.
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|[Example] Ranging Configurations for 802.16m

d Frame-level position: P,
» Indication of the position of frame allocated the ranging channel in a superframe

d Subframe-level position : Py,

* Indication of the position and the number of subframes allocated ranging channels
within the frame

e Support of multiple allocation in a frame

O Subframe (Time) Offset : Og;
* Indication of the offset in the units of subframes for ranging channel allocation

» To support flexible allocation with increased reuse factor in the time domain

0 Subband (Frequency) Offset : Ogg
* Indication of the offset in the units of subbands for ranging channel allocation

» To support flexible allocation with increased reuse factor in the frequency domain
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Ranging Configurations for 802.16m

O Support of the allocation of 1~8 ranging channels within a superframe

O 2-bit signaling for P, and Pg

« Theranging channels are allocated from the P/" frame in every frames (P;=0) or every odd
frames (Pg=1) or only one frame (P;=2) where frame index is o, 1, 2, and 3 in a superframe.

* Inthe ranging allocated frame, (Pg+1) ranging channels are allocated.
» Theranging subframe index within a allocated frame is calculated as follow:

v ForFDD, | Ny /(Py +1)|-k+Og , k=0,1...,Py

where Oy is the subframe offset and N is the minimum number of subframes among frames.
The number of subframes per frame is defined in the subclause 15.3.3.1. Basic Frame Structure.

v ForTDD, Ng —N, +O¢ +k, k=01,...,P;

where N, is the number of UL subframe in the TDD. For examples, it is defined by 2, 3, 4, or 5
for 6:2, 5:3, 4:4, or 3:5 DL:UL ratio, respectively.

0 0 0 4

1 o 1 8

2 1 0 2 where Ny, is the number of
3 2 0 1 ranging channel per superframe
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802.16m Ranging Configurations

0 Ranging Configurations in the Legacy System
» Time/Freq. position : 15 bits (* 4 frames)
v OFDMA symbol offset : 8 bits/ Subchannel offset : 7 bits
» Multiple allocation : 14 bits (* 4 frames)
v No. OFDMA symbols : 7 bits/No. subchannels : 7 bits

» Total Max 116 bits per 2oms

0 Ranging Configurations for 802.16m

* Pre-defined & Configurable time position with Py, Py, and Ogg

v" To support flexible allocation in time domain, fully-configured timing position is not needed.

v" To support different ranging load with small and simple signaling efforts

v' 4-bit signaling can be enough: Configuration (2 bits) and subframe offset (2bit)

» Frequency position with subband offset Ogg

v" To support flexible allocation in frequency domain, fully-configured subband allocation is not

needed due to the restriction of available no. of subbands.

v Maximum 5 bits (max. 24 subbands): 2-bit signaling can be enough.

» Total 6-bit ranging channel information

Ranging configurations : 2 bits
Subframe offset : 2 bits
Subband offset : 2 bits

Initial ranging channel information (ini-

tial ranging region location)
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Periodic Ranging Channel Structure

d Periodic Ranging in 16e
» UL Time/Freq. synchronization update
« Power control update, etc

d 16m Periodic Ranging or Reuse of Other Channels?

e Sounding channels
v" Can be used UL time/freq. synchronization update
v" Can be used power control update
 Also, several existing signal (e.g. reference signal) can be used for these
purposes
» Itsusages is small

v How about same structure/region with initial ranging channel?

1w Periodic ranging uses the same initial ranging structure/region with different
ranging code sets.

. . " . o, TR Bl P I T e LI il oot o
= TICAT g e e L W e T LW R e ey v e
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Conclusions

d Proposed AWD Text

* Adopt the proposed AWD text in C802.16m-09/1502 or its latest version.
v" Text Proposal #1 ~ #5
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Simulation Parameters

Parameters Assumptions
Carrier Frequency (/) 2.5 GHz
Total Bandwidth (B#) 5 MHz
Number of Points in FFT (¥ g ) 512
Sampling Frequency () 5.6 MHz
_,ﬂ_EJ Subcarrier Spacing (47) 10.9375 kHz
:%0‘ OFDMA Symbol Duration without Cyclic Prefix (T, = 1/ A7) 91.43 ps
Cyclic Prefix Length (faction of T,) 1/8
OFDMA Symbol Duration with Cyclic Prefix(%) 102.86 ps for CP=1/8
Residual Frequency Offset < 218,?’5R|-E|lzn?3rg% of Af)
B Multi-antenna Transmission Format 1 Tx
qcé Receiver Structure 2 Rx
o
S Fading Channel Model Modified Pedestrian B 3km/h
Ranging Resource 1 subband (72 data subcarriers)
Ranging Subcarrier Spacing AF 2 (546875 kHz)
Ranging Detector Energy detector
Number of Ranging Codes per Channel 64
_g Number of Ranging Channel per Sector 1
E:% Codes Set per Sector Random within all codes
Code Selection per AMS Random within code sel of sector
Round Trip Delay Random within 5km RTD
Target Miss—Detection Probability 1%
Target Overall False Alarm Probability 0.1 %




Definitions

O False Alarm Probability (P,) = target Py, = 0.1%

e (Total no. of false alarm events) / (Total no. of candidate codes(=64) - total no.
of transmitted codes)

e False alarm event : A code is detected which is not one of transmitted codes.

O Miss-Detection Probability (P,,) = target P, = 1%
* (No. of total miss-detection events) / (total no. of transmitted codes)
e Miss-detection event : The code is not detected which is transmitted code.
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P, & P, ¢, : 2 AMSs case

. —e— 16e: 1000dB
d Using Only Root Indexes —— 16e: 7d8
10’ 10° —b— 16e: 3dB
5 5 —%— 16e: 0dB
N m —— Format 0: 100dB
—<— Format 0: 7dB
10" NS 10 §\%{\ —P— Format 0: 3dB
\% S —*— Format 0: 0dB
______ et \\; S N—— *— Format 1: 100dB
. B P = T =+ o \k\T\ —_ %“\ ¥— Format 1: 7dB
e i - § B > \s\\.\\ —bP— Format 1: 3dB
P | —
102 = L — 102 i e \'\53\\ —=| —*— Format 1: 0dB
e e e——— e e
R e W B M ) N - - I o B e
e AN ——— =< s I S T N oy
T T [ O S— e - Bl o T
EAE4—— ST R=EA=649— o
10° 2 10° o 3
7 6 5 -4 3 2 -1 0 6 5 -4 3 2 -1 0 1 2 3

0 Using wor w/o [%yclic Shift (N.¢=35) for Format o

*— Root: 100dB

*— Root: 100dB

P —<— Root: 7dB P —<— Root: 7dB
ol —H— Root: 3dB l —H— Root: 3dB
—*— Root: 0dB H —*— Root: 0dB H
1 —— Ncs=35: 100dB 1 —*— Ncs=35: 100dB
10 —<— Ncs=35: 7dB 10 —— Ncs=35: 7dB

—H— Ncs=35: 3dB
—*— Ncs=35: 0dB

—H— Ncs=35: 3dB
—*— Ncs=35: 0dB
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Timing Performance : 2 AMSs case

d Using Only Root Indexes

7

Variance of Timing Estimation Error in Samples
N

0

d Using w or w/o Cyc

Variance of Timing Estimation Error in Samples
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