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Introduction
At GERAN #62 a study item was agreed to study different access stratum solutions to meet the needs for Internet of Things (IoT) (see [1]). A narrow band OFDMA based solution was proposed in [2] wherein the frame structure for cell radius less than 9 km was described. Also in [3], cyclic prefix and PRACH design for extended cell radius up to 35 km were presented. The tone spacing was chosen to be 2.25 kHz for the proposed NB-OFDMA solution.
To better support the deployment of clean-slate IOT (CIOT) in small parts of licensed spectrum for LTE, a possible deployment scenario [4], it is proposed to change the tone spacing of NB-OFDMA solution from 2.25 kHz to 2.5 kHz. This document describes the benefits of 2.5 kHz subcarrier bandwidth and the associated frame structures for both normal and extended cell sizes. 
Tone Spacing
The tone spacing of NB-OFDMA CIOT was chosen to be 2.25 kHz to maximize bandwidth efficiency for the given link budget with a reasonable coding complexity. If the tone spacing of NB-OFDMA CIOT divides the tone spacing of LTE, 15 kHz, the interference from CIOT to LTE systems will be reduced. For both the optimized bandwidth efficiency and reduced interference to LTE, it is proposed to change the subcarrier bandwidth to 2.5 kHz. Correspondingly, a NB-OFDMA symbol will be roughly as long as 6 LTE symbols (exactly 6 if excluding CP). 
Suppose the difference between the carrier of a NB-OFDMA system and that of its neighboring LTE is an integer multiple of 15 kHz, i.e., f2-f1=15*N kHz for any integer N and also assume that the LTE symbol falls completely inside the longer CIOT symbol, then the cross-correlation of the two signals is zero, i.e.,

where Ai, fi, and ti are, respectively, the amplitude, frequency, and phase of LTE signal when i=1 and CIOT signal when i=2. Furthermore, the cross-correlation of the corresponding discrete signals, sampled at 1/T Hz is also 0, where T is the duration of the LTE symbol. The above observation is depicted in Figure 1. 
As can be seen, even the two systems are asynchronous, every 5 out of 7 LTE symbols will not suffer from interference from CIOT tones that are separate from the LTE carrier by an integer multiple of 15 kHz. More interference reduction can be achieved by allocating UEs associated with larger power on non-interfering CIOT tones. 

To ensure an integer multiple of 15 kHz separation for 1/6 of the CIOT tones, it only requires that the two carriers are separated by an integer multiple of 2.5 kHz, which can be easily satisfied in various deployment options in licensed LTE spectrum. 


Figure 1 Illustration of interference from CIOT to LTE symbols when the CIOT tone is separated from LTE carrier by a multiple of 15 kHz.
Cyclic Prefix
Corresponding to 2.5 kHz tone spacing, the sampling rate is changed to 320 kHz with 128 FFT size. As a result, cyclic prefix (CP) lengths are changed.
· For normal slots, the CP length is 8 samples (25 s) for cell radii up to 35 km.
· For extended slots that are shared by PRACH and PUSCH, the CP length for frame structure 1 is 18 samples (56.25 s) to support cell radii up to 8.4 km; the average CP length for frame structure 2 is 46 samples and the symbol structure is shown in Figure 2.


Figure 2 Symbols structure of extended slot for large cells.

Time and Frequency Design
1. 
2. 
3. 
4. 
Frequency domain
A 200 kHz spectrum is sub divided into a number of subcarriers and guard bands as shown in Figure 2. 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


Figure 3. Downlink and uplink channelization.
	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 3. A total of 64 frames constitute a super frame and 4096 super frames make-up a hyper frame.


Figure 4. Hyper and super frames.
The downlink frame consists of 163 normal slots and 8 special slots (see Figure 5). Normal slots are used to carry data while special slots are used to enable the mobile station to perform frame, slot and symbol level synchronisation. 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.


[bookmark: _Ref413144579]Figure 5. Downlink frame structure.

There are two uplink frame structures: structure 1 for normal cells with radii less than 8 km and structure 2 for large cells with radii up to 35 km. Uplink frame structure 1 consists of 142 normal slots and 24 extended slots as depicted in Figure 6, whereas uplink frame structure 2 consists of 137 normal slots and 24 extended slots as depicted in Figure 7. 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 has 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 timing advance then mobile station can use both the normal slot and the extended slot 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.


[bookmark: _Ref412564233]Figure 6 Uplink frame structure 1 (normal cell radius).



[bookmark: _Ref412564261]Figure 7 Uplink frame structure (extended cell radius).

There are in total 4 types of slots.
· 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 8.
· Type 2 slots include extended slots in uplink frame structure 1. 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 9.
· Type 3 slots are used for PUSCH during extended slots of uplink frame structure 2. 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 10.
· Type 4 slots are used for PRACH during extended slots of uplink frame structure 2. 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 11.



Figure 8 Structure of type 1 slots.



Figure 9 Structure of type 2 slots.
 


Figure 10 Structure of type 3 slots.



Figure 11 Structure of type 4 slots.

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 over large cells
· 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)

Pilot symbols are inserted for channel estimation. All types 1 and 3 slots and all types 2 and 4 slots belonging to PUSCH consist of 2 pilot symbols and 12 data symbols, as shown in Figure 12. 
Figure 12 Pilot structure of slot types 1 and 3, and PUSCH slots of type 3 and 4.

The pilot structure of type 2 PRACH slots is depicted in Figure 13. Note a type-2 PRACH slot only 0ccupies one tone. 


Figure 13 Pilot structure of type 3 slots belonging to 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 14. 


Figure 14 Pilot structure for type 4 PRACH slots.

Summary
It is proposed to change the tone spacing of NB-OFDMA from 2.25 kHz to 2.5 kHz for better coexistence with LTE systems. The revised frame and slot structure is also presented.
It is proposed to capture the principle of section 4 in the text of NB-OFDMA section in the TR [5] and relevant text from this document is incorporated in [6].
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