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1 Introduction
A narrowband OFDMA (NB-OFDMA) solution for GERAN Cellular IoT is described in [1]. This document collects three corrections to the proposed text on the physical layer aspects of NB-OFDMA, including pilot design, PUCCH description and transmit chain. 
This is a revised version of GP-15465. Changes are highlighted in green.
2. Proposed Text

7.2.2.2
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 7.2.2.2-1. A total of 64 frames constitute a super frame and 4096 super frames make-up a hyper frame.
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Figure 7.2.2.2-1 Hyper and super frames

The downlink frame consists of 163 normal slots and 8 special slots (see Figure 7.2.2.2-2). 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 7.2.2.2-2. Downlink frame and slot structure

There are two uplink frame structures: structure 1 for normal cells with radii less than 8 km (Figure 7.2.2.2.-3) and structure 2 for large cells with radii up to 35 km (Figure 7.2.2.2-4). 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 7.2.2.2-3. Uplink frame and slot structure (Normal cell radius)


[image: image4.emf]160 0 23 24 1

14 ExtendedSymbols*

7612.5µs

14 Normal Symbols

5962.5µs

PB

1 Frame = 1 sec 

437.5 

m

s

* 7 extended PRACH


Figure 7.2.2.2-4. 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 7.2.2.2-5.

· Type 2 slots include extended slots in uplink frame structure 1 (see Figure 7.2.2.2-4). 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 7.2.2.2-6.

· Type 3 slots are used for PUSCH during extended slots of uplink frame structure 2 (see Figure 7.2.2.2-5). 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 7.2.2.2-7.

· Type 4 slots are used for PRACH during extended slots of uplink frame structure 2 (see Figure 7.2.2.2-4). 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 7.2.2.2-8.
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Figure 7.2.2.2-5. Structure of type 1 slot
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Figure 7.2.2.2-6. Structure of type 2 slot
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Figure 7.2.2.2-7. Structure of type 3 slot
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Figure 7.2.2.2-8. 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 = 456.25 µsec

· Normal symbol = 128+8 = 136 samples = 425 µsec

Every normal slot and extended slot except when used for PRACH and PUCCH consists of 2 pilot symbols and 12 data symbols (Figure 7.2.2.2-9). An extended slot used for PRACH consists of 4 pilot symbols and 10 data symbols (see Figure 7.2.2.2-10). 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 7.2.2.2-9.
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Figure 7.2.2.2-9. 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 7.2.2.2-10. 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 7.2.1.2.11. 
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Figure 7.2.2.2-11. Pilot and data symbols in type 4 slot used for PRACH


7.2.2.4.3
Physical uplink control channel

The baseline Physical Uplink Control Channel (PUCCH) occupies one tone in slots 24 – 152 in the entire frame.  A PUCCH consists of multiple PUCCH segments, each of which is one tone over 2 slots.
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Figure 7.2.2.4.3-1. PUCCH segments

* For extended cells there are 3 fewer segments, see clause 7.2.2.2.

Each PUCCH segment carries Ack/Nack for downlink packets and which segment index to use by a mobile station is provided in PDCCH. 

Use of more than one consecutive PUCCH segment by a mobile station is FFS.


7.2.2.4.5
Transmit chain for uplink channels

In NB-OFDMA, a physical layer PDU is transmitted over one resource block. A number of resource block sizes, together with different MCSs, are provided to support different PDU sizes as shown in previous sections. In the uplink direction there are three transport channels defined, namely PRACH, PUCCH and PUSCH. In the current design both PRACH and PUCCH utilize one tone for each transport block while PUSCH can utilize more than one tone, depending on coverage. PUSCH and PRACH transport channels involve similar process before transmission and this is depicted in Figure 7.2.2.4.5-1 and Figure 7.2.2.4.5-2. 
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Figure 7.2.2.4.5-1. Transmit chain for PUSCH
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Figure 7.2.2.4.5-2. Transmit chain for PRACH

For PUCCH, each message consisting of one bit ACK/NACK is mapped to one of two orthogonal sequence of 28 symbols and transmitted within a slot. The transmit chain for PUCCH is shown in Figure 7.2.2.4.5-3.
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Figure 7.2.2.4.5-3 PUCCH transmit chain
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