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Abstract:

An alternative physical layer (PHY) at the lower THz frequency range between
252 GHz and 325 GHz for switched point-to-point links is defined in this
amendment.

Two PHY modes are defined that enable data rates of up to 100 Gb/s using eight
different bandwidths between 2.16 GHz and 69.12 GHz.

Keywords: 300 GHz, fixed point-to-point, IEEE 802.15.3™, IEEE 802.15.3d™,
submillimeter waves, THz, wireless
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Interest in developing a wireless communication system at THz frequencies
started in 2008 with the establishment of the THz Interest Group.

In May 2014, Task Group 3d was formed, covering switched point to-point
connections operating in the frequencies from 60 GHz up to the lower THz
bands.

The Task Group started to work on four supporting documents: the Application
Requirements Document, the Technical Requirements Document, the Channel
Modeling Document, and the Evaluation Criteria Document.

In September 2014, discussions split the Task Group into two, leading to the
development of an amendment for close proximity links at 60 GHz as the

separate Task Group 3e.

The first meeting of Task Group 3e was in May 2015.
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In November 2015, the required PAR change for Task Group 3d to limit the
activities to the lower THz frequency ranges was approved.

During the March 2016 meeting, the supporting documents were approved and
the call for proposals was issued.

Proposals were reviewed during the July and September 2016 meetings.
The group entered working group letter ballot in January 2017.

After one working group recirculation ballot, the sponsor ballot started in March
2017.

A total of two sponsor recirculation ballots were held, leading to approval of
|IEEE Std 802.15.3d-2017 by the IEEE-SA Standards Board on 28 September 2017.
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IEEE Std 802.15.3d-2017 is an amendment to IEEE Std 802.15.3-2016 that defines an
alternative physical layer (PHY) at the lower THz frequency range, between 252 GHz and
325 GHz, for switched point-to-point links, along with the necessary MAC changes to
support this PHY. This amendment builds on the concept of pairnet, introduced in IEEE
Std 802.15.3e-2017, and inherits the corresponding MAC changes defined there.

Some of the key features and additions are as follows:

— Operation in the THz frequency band.

— Usage of eight different bandwidths between 2.16 GHz and 69.12 GHz.

— Designed for data rates of up to 100 Gb/s.

— Use of a pairnet structure supporting wireless links for intra-device communication
(e.g., board-to board communication), close proximity communication, wireless data
centers, and backhaul/fronthaul links.

— Selectable PHY modes (single carrier and on-off keying) to achieve either ultra high-
speed operation or system simplicity.



Possible Bands for Wireless communications in THz bands N@g/r)

+ All bands below 275 GHz are allocated.
+ Band between 252 and 275 GHz is allocated for land-mobile and fixed services.
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Applications for switched point-to-point links
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Kiosk downloads

10..100 Gbit/s
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Backhaul/Fronthaul links

Intra-Device
Communication

10...100 Gbit/s

Wireless Links in Data
Centers



4. General description

4.1a Pairnet

Change 4.1a as indicated:

A pairnet consists of at most two DEVs, as shown in Figure 4-0a. Typical communication
distance is 10 cm or less for a pairnet DEV (PRDEV) with a high rate close proximity
(HRCP) PHY. For a PRDEV with a THz PHY, typical communication distance is from a
few centimeters up to several hundred meters. A PRDEV alwavs connects as a pairnet.

----- beacon -----»

¢—— data ———p DEV

DEV

(HRCP PNC) (non PNC)

Figure 4-0a—IEEE 802.15.3 pairnet elements

4.2 Components of an IEEE 802.15.3 piconet

Change the fourth paragraph of 4.2 as indicated:
For HRCP PHYs and THz PHYs, the IEEE 802.15.3 piconet is not used.



IEEE 802.15.3 piconet

4.2 COxgponents of an IEEE 802.15.3 picong

An |[EEE 802%5.3 piconet consists of several components, as g#fiown in Figure 4-1.
The basic compongnt is the DEV. One DEV is required g#assume the role of the
piconet coordinator (MYIC) of the piconet. The PNC prgyfles the basic timing for the
piconet with the beacon. Agditionally, the PNC mapna@es the quality of service (QoS)
requirements, power save mo¥gs, and access cog#fol to the piconet.

DEV ‘ da#5 , DEV
/
\b@ @Go{\
c':'J'f."',f_') Q(‘
Q
S PNC/
S / DEV Noa
- beacon—
N

DEV

Figure 4-1—IEEE 802.15.3 piconet elements
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Allocated for Fixed & Mobile services <

Compatibility
for lower
freq. bands

Use higher
order
modulation

Use simple
modulation

» Will be identified for Fixed & Mobile services
at WRC-19

BW(GHz)

Ch 49 \/Ch 50 VCh 51 \/Ch 52 \/Ch 53 \/Ch 54 VCh 55 \/Ch 56 k fon
: ‘ \/Ch 60 VCh 61
-
—\I—
\/Ch 64 \?Ch 65
-
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5 m——P>GHz
[ |
i 1
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\{ 1
| i I
: I -. . . : ‘ . ! . ! H _ LGHZ
Ch 69
69. 12 / L - ‘ \'ieHz
250 |255 260 265 270 275 280 285 290 295 300 305 310 315 3201
252.72 304.56 321.84

The channel having CHNL_ID equal to 41 shall be defined as the default channel.



Possible Spectrum Parts based on FN 5.565 of the Radio Renggfw’»ns

5.565 The following frequency bands in the range 275-1 000 GHz are identified for use by
administrations for passive service applications:
—radio astronomy service: 275-323 GHz, 327-371 GHz, 388-424 GHz, 426-442 GHz,
453-510 GHz, 623-711 GHz, 795-909 GHz and 926-945 GHz;
— Earth exploration-satellite service (passive) and space research service (passive): 275-
286 GHz, 296- 306 GHz, 313-356 GHz, 361-365 GHz, 369-392 GHz, 397-399 GHz, 409-
411 GHz, 416-434 GHz, 439-467 GHz, 477-502 GHz, 523-527 GHz, 538-581 GHz, 611-630 GHz,
634-654 GHz, 657-692 GHz, 713-718 GHz, 729-733 GHz, 750-754 GHz, 771-776 GHz, 823-
846 GHz, 850-854 GHz, 857-862 GHz, 866-882 GHz, 905-928 GHz, 951-956 GHz, 968-
973 GHz and 985-990 GHez.

The use of the range 275-1 000 GHz by the passive services does not preclude use of this range by
active services. Administrations wishing to make frequencies in the 275-1 000 GHz range available for
active service applications are urged to take all practicable steps to protect these passive services
from harmful interference until the date when the Table of Frequency Allocations is established in the
above-mentioned 275-1 000 GHz frequency range.

All frequencies in the range 1 000-3 000 GHz may be used by both active and passive

services. (WRC-12)

* Inthe frequency band 275-321 GHz the following bands do not have to be shared with EESS:
— 286-296 GHz
— 306-313 GHz



Channels marked as green do not overlap with EESS spectrumvclé?

Excerpt of the Channel Plan:

CHNL ID Bandwidth Start frequency? | Center frequency Stop frequency?
15 2.16 282.96 284.04 285.12
16 2.16 285.12 286.2 287.28
17 2.16 287.28 288.36 289.44
18 2.16 289.44 290.52 291.6
19 2.16 291.6 292.68 293.76
20 2.16 293.76 294.84 295.92
21 2.16 295.92 297 298.08
26 2.16 306.72 307.8 308.88
27 2.16 308.88 309.96 311.04
40 4.32 282.96 285.12 287.28
| 41 4.32 287.28 289.44 291.6 ]
42 4.32 291.6 293.76 295.92
43 4.32 295.92 298.08 300.24
52 8.64 278.64 282.96 287.28
53 8.64 287.28 291.6 295.92
54 8.64 295.92 300.24 304.56




THz-SC PHY & THz-O0OK PHY NICP

—
13.2 THz-SC PHY

The THz-SC PHY is designed for extremely high PHY-SAP payload bit rates of 100 Gb/s
using multiple bandwidths. Higher data rates are achievable, depending on the
combination of modulation, bandwidth, and coding.
Modulation FEC
e 7/2-shift BPSK, 1t/2-shift QPSK Supporting the following two LDPC codes is
e 7/2-8-PSK, 1/2-8-APSK mandatory for the THz-SC PHY:

a rate-14/15 LDPC(1440,1344) code, and a rate-
« 16 QAM, 64 QAM

11/15 LDPC(1440,1056) code.
13.3 THz-OOK PHY

The THz-OOK PHY is designed for cost-effective devices that require low power, low
complexity, and simple design. For applications using this PHY, transmission ranges of a
few tens of centimeters are targeted. The THz-OOK PHY is designed for PHY-SAP
payload-bit rates between 1.3 Gb/s, using a single channel with a bandwidth of 2.16 GHz,
and the maximum 52.6 Gb/s, using a bandwidth of 69.12 GHz.

Modulation FEC

e 00K The FEC scheme is specified by a (240,224)-Reed Solomon code and two
LDPC codes with code rates of 14/15 and 11/15. The Reed Solomon Code
is mandatory for the THz OOK-PHY.
The LDPC (1440,1344) and the LDPC (1440,1056) are both optional for the
THz-OOK PHY.
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Table 13-4—MCS dependent parameters for the THz-SC PHY
Bandwidth Bandwidth Bandwidth Bandwidth Bandwidth Bandwidth Bandwidth Bandwidth
2.16 GHz 4.32 GHz 8.64 GHz 12.96 GHz 17.28 GHz 25.92 GHz 51.84 GHz 69.12 GHz
..\[CS Modu- FEC Data rate Data rate Data rate Data rate Data rate Data rate Data rate Data rate
u.lent lation rate (Gb/s) (Gb/s) (Gb/s) (Gb/s) (Gb/s) (Gh/s) (Gb/s) (Gb/s)
tifier
‘Zilﬁl with ‘:)::1 with ‘Li::l with ‘Zi::l with ‘Zi::l witl? ‘:;::1 witl? ‘Zil::l with ‘:;il::l wit]:n
pw | PV pw | W |l pw | PW | pw | PW | pw | PV | pw PW PW PW pw | W
0 BPSK 11/15 | 1.29 | 1.13 | 2.58 2.26 5.16 4.52 7.74 6.78 1033 | 9.04 15.49 13.55 30.98 27.11 41.30 36.14
| BPSK 14/15 | 1.64 | 1.44 | 3.29 2.87 6.57 5.75 9.86 8.62 13.14 | 11.50 | 19.71 17.25 39.42 34.50 52.56 45.99
2 QPSK 11/15 | 2.58 | 2.26 | 5.16 4.52 1033 | 9.03 15.49 | 13.55 | 20.65 | 18.07 | 30.98 27.10 61.95 5421 82.60 72.28
3 QPSK 14/15 | 3.29 | 2.87 | 6.57 5.75 13.14 | 11.50 | 19.71 | 17.25 | 26.28 | 23.00 | 39.42 34.50 78.85 68.99 105.13 | 91.99
4 8-PSK 11/15 | 3.87 | 339 | 7.74 6.78 1549 | 13.55 | 23.23 | 20.33 | 3098 | 27.11 | 46.47 40.66 92.93 81.32 123.91 | 108.42
5 8-PSK 14/15 | 493 | 431 9.86 8.62 19.71 | 17.25 | 29.57 | 25.87 | 39.42 | 34.50 | 59.13 51.74 118.27 | 103.49 | 157.69 | 137.98
6 8-APSK | 11/15 | 3.87 | 3.39 | 7.74 6.78 1549 | 13.55 | 23.23 | 2033 | 3098 | 27.11 | 46.47 40.66 92.93 81.32 123.91 | 108.42
7 8-APSK | 14/15 | 493 | 431 | 9.86 8.62 19.71 | 17.25 | 29.57 | 25.87 | 39.42 | 34.50 | 59.13 51.74 118.27 | 103.49 | 157.69 | 137.98
8 16-QAM | 11/15 | 5.16 | 452 | 1033 | 9.03 | 20.65 | 18.07 | 3098 | 27.10 | 41.30 | 36.14 | 61.95 54.21 12390 | 108.42 | 165.21 | 144.55
9 16-QAM | 14/15 | 6.57 | 5.75 | 13.14 | 11.50 | 26.28 | 23.00 | 39.42 | 3450 | 52.57 | 4599 | 78.85 68.99 [ 157.70 | 13798 | 210.26 | 183.98
10 64-QAM | 11/15 | 7.74 | 6.78 | 1549 | 13.55 | 30.98 | 27.10 | 46.46 | 40.66 | 61.95 | 5421 | 9293 81.31 185.86 | 162.62 | 24781 | 216.83
11 64-QAM | 14/15 | 9.86 | 8.62 | 19.71 | 17.25 | 39.42 | 3450 | 59.14 | 51.74 | 78.85 | 68.99 | 118.27 | 103.49 | 236.54 | 20698 | 31539 | 275.97




THz-O0OK PHY
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Table 13-12—MCS dependent parameters for the THz-OOK PHY

ble 13-12—MCS dependent parameters for the THz-OOK PHY (continued)

Qe | Bt e | TGy | o || S, e e Gy | (@
with PW without PW with PW without PW

0 2.16 224/240 1.64 1.44 1 8.64 11/15 5.16 4.52

0 4.32 224/240 3.29 2.87 1 12.96 11/15 7.74 6.78

0 8.04 224/240 6.57 5.75 1 17.28 11/15 10.33 9.04

0 12.96 224/240 9.86 8.62 1 25.92 11/15 15.49 13.55

0 17.28 224/240 13.14 11.50 1 51.84 11/15 30.98 27.11

0 25.92 224/240 19.71 17.25 1 69.12 11/15 41.30 36.14

0 51.84 224/240 39.42 34.50 2 2.16 14/15 l.o4 1.44

0 69.12 224/240 59.14 51.74 2 4.32 14/15 3.29 2.87

1 2.16 11/15 129 1.29 2 8.64 14/15 6.57 5.75

1 4.32 11/15 2.58 226 2 12.96 14/15 9.86 §.62
2 17.28 14/15 13.14 11.50
2 2592 14/15 19.71 17.25
2 51.84 14/15 39.42 34.50
2 69.12 14/15 52.56 45.99




Summary: Key facts of IEEE P802.15.3d /vgé?
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— Pairnet (IEEE802.15.3¢e)
— Switched point-to-point link (KIOSK-DL, Intra-Device, Data Center, F/B-haul)

— 2 PHY-modes (THz-SC PHY, THz-OOK-PHY) with 7 modulation schemes
 BPSK, QPSK, 8-PSK, 8-APSK, 16-QAM, 64 QAM, OOK

— 3 channel coding schemes (14/15-rate LDPC (1440,1344), 11/14-rate LDPC
(1440,1056), 11/14-rate RS(240,224)-code)

— The channel having CHNL_ID equal to 41 shall be defined as the default channel.
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