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1 Introduction
Updated frame structure has been defined in [1]. This document contains text proposal for various aspects of the physical layer frame structure to be added to [2].
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3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

ACK
Acknowledgement

BLER
Block Error Rate

BS

Base Station

CIoT
Cellular Internet of Things

CN

Core Network

CoAP
Constrained Application Protocol

DL

Downlink

DSP

Digital Signal Processing

DTLS
Datagram Transport Layer Security

GWCN
Gateway Core Network

IC

Integrated Circuit

IP

Internet Protocol

IoT

Internet of Things

LDO

Low Differential Output

MAC
Medium Access Control

MCL
Maximum Coupling Loss

MOCN
Multi-Operator Core Network

MTC
Machine Type Communications

PA

Power Amplifier

PCB

Printed Circuit Board

PSS

Power Saving State

RAM
Random Access Memory

RAU
Routing Area Update

RF

Radio Frequency

RTC

Real Time Clock

Rx

Receive

SAP

Service Access Point

SINR
Signal to Interference Plus Noise Ratio

SMS

Short Message Service

SNDCP
Subnetwork Dependent Convergence Protocol

TAU

Tracking Area Update

TCXO
Temperature Compensated Crystal Oscillator

TU

Typical Urban

UDP

User Datagram Protocol

UL

Uplink

Tx

Transmit

TPSK
Tone-Phase-Shift-Keying

OFDMA
Orthogonal Frequency Domain Multiple Access

SC-FDMA
Single Carrier Frequency Domain Multiple Access

CP

Cyclic Prefix

PUSCH
Physical Uplink Shared Channel

PDSCH
Physical Downlink Shared Channel

PBCH
Physical Broadcast Channel

PSCH
Physical Synchronisation Channel

PRACH
Physical Random Access Channel

PUCCH
Physical Uplink Control Channel

PDCCH
Physical Downlink Control Channel

PCID
Physical Cell ID
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7.X
Narrow Band OFDMA
A narrow band OFDMA (NB-OFDMA) is used in the downlink and single carrier-FDMA (SC-FDMA) in the uplink. This makes efficient spectrum use, allows large volume of devices to be served in a cell and provide extended coverage. For averaging inter-cell interference, subcarrier hopping takes place in both downlink and uplink therefore allowing frequency reuse one deployment. All the subcarriers are reused in every cell. Block hopping is employed in both downlink and uplink.

7.X.1
NB-OFDMA Physical layer design
7.X.1.1

Frequency domain
A 200 kHz spectrum is sub divided into a number of subcarriers and guard bands as shown in Figure 7.X.1.1-1. The fundamental parameters are:
· Tone bandwidth = 2.5 kHz

· Active tones = 72 = 180 kHz

· Guard bandwidth to adjacent 200 kHz channels at either end = 10 kHz
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Figure 7.X.1.1-1. Downlink and uplink channelization
7.X.1.2

Time-domain frame and slot structure

In the time domain a 1 second frame is sub-divided into a number of slots as shown in Figure 7.X.1.2-1. A total of 64 frames constitute a super frame and 4096 super frames make-up a hyper frame.
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Figure 7.X.1.2-1 Hyper and super frames
The downlink frame consists of 163 normal slots and 8 special slots (see Figure 7.X.1.2-2). Normal slots have a duration of 5962.5 s consisting of 14 symbols, 140 samples for the first symbol and 136 samples for the rest.  Special slots have a duration of 3509.375 s consisting of 1116 data samples, 4 leading ramp-up samples, and 3 tailing ramp-down samples. A leading preamble of 12 samples (37.5 s) is added in the beginning of a frame.
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Figure 7.X.1.2-2. Downlink frame and slot structure
There are two uplink frame structures: structure 1 for normal cells with radii less than 8 km (Figure 7.X.1.2.-3) and structure 2 for large cells with radii up to 35 km (Figure 7.X.1.2-4). Uplink frame structure 1 consists of 142 normal slots and 24 extended slots, whereas uplink frame structure 2 consists of 137 normal slots and 24 extended slots. The 24 extended slots are always at the start of the frame. Uplink normal slots have the same structure as downlink slots. An extend slot also consists of 14 symbols but the symbols used in the extended slot have larger cyclic prefix (CP) compared to the CP used in the normal slots. Longer CP ensures transmissions from different mobile stations don’t interfere with each other even when mobile stations don’t know their round trip delay. This situation happens when mobile station is accessing the system hence the extended slots are used to carry random access requests. When mobile station has the correct timing advance to compensate channel round-trip delay then mobile station can use both the normal slots and the extended slots to carry information to the base station without interfering transmissions of other mobile stations. Between the extended and normal slots there is a PRACH Buffer period to prevent the last extended slot from interfering with the first normal slot. Note, start of uplink frame is aligned to the start of downlink frame.
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Figure 7.X.1.2-3. Uplink frame and slot structure (Normal cell radius)
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Figure 7.X.1.2-4. Uplink frame and slot structure (Extended cell radius)
There are in total 4 types of slots defined as follows:

· Type 1 slots include downlink data slots and uplink normal slots. A type 1 slot consists of 14 symbols, each with 128 data samples. Symbol 0 has 12 CP samples and symbols 1 to 13 have 8 CP samples. A type 1 slot has a duration of 5962.5s. The construction of type 1 slots is depicted in Figure 7.X.1.2-5.
· Type 2 slots include extended slots in uplink frame structure 1 (see Figure 7.X.1.2-4). A type 2 slot consists of 14 symbols, each with 128 data samples and 18 CP samples. A type 2 slot has a duration of 6387.5s. The construction of type 2 slots is depicted in Figure 7.X.1.2-6.
· Type 3 slots are used for PUSCH during extended slots of uplink frame structure 2 (see Figure 7.X.1.2-5). A type 3 slot consists of 14 symbols, each with 128 data samples and 8 CP samples. In addition, a silent period of 76 sample durations is inserted before each even-numbered symbol. A type 3 slot has a duration of 7612.5s. The construction of type 3 slots is depicted in Figure 7.X.1.2-7.

· Type 4 slots are used for PRACH during extended slots of uplink frame structure 2 (see Figure 7.X.1.2-4). A type 4 slot consists of 7 symbols, each with 256 data samples and 92 CP samples. Type 4 slot also has a duration of 7612.5s, the same as that of type 3 slots. The construction of type 4 slots is depicted in Figure 7.X.1.2-8.
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Figure 7.X.1.2-5. Structure of type 1 slot
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 Figure 7.X.1.2-6. Structure of type 2 slot
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Figure 7.X.1.2-7. Structure of type 3 slot
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Figure 7.X.1.2-8. Structure of type 4 slot
Time domain parameters:

· Baseband sample rate = 320 kHz (19.2 MHz/60) 

· FFT length = 128 samples = 400 µsec 
· FFT length =256 samples for PRACH symbols in large cell
· Cyclic Prefix (CP) length

· Normal CP: 8 samples (25 µsec)

· Extended CP for normal cells: 18 samples (56.25 µsec)

· Extended CP for large cells: 92 samples (287.5 µsec)

Two type of symbols are defined:
· Extended symbol = 128+18 = 146 samples = 506.94 µsec

· Normal symbol = 128+4 = 132 samples = 458.33 µsec
Every normal slot and extended slot except when used for PRACH and PUCCH consists of 2 pilot symbols and 12 data symbols (Figure 7.X.1.2-9). An extended slot used for PRACH consists of 4 pilot symbols and 10 data symbols (see Figure 7.X.1.2-10). The pilot symbols are used for channel estimation. All types 1 and 3 slots and types 2 and 4 slots that belonging to PUSCH consist of 2 pilot symbols and 12 data symbols as shown in Figure 7.X.1.2-9.
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Figure 7.X.1.2-9. Pilot and data symbols in a slot type 1 &3 and slot type 3 & 4 used for PUSCH
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(a) Extended slot for PRACH

Figure 7.X.1.2-10. Pilot and data symbols in type 3 slot used for PRACH
There are two pilot patterns for type 4 PRACH slots: pattern 1 used for single-tone PRACH and pattern 2 used for two-tone PRACH, as depicted in Figure 7.X.1.2.11. 
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Figure 7.X.1.2-11. Pilot and data symbols in type 4 slot used for PRACH
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