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1. Introduction
This document provides the text proposal related to the NB-LTE concept for clean slate CIoT solution. Detailed discussions on the proposed changes can be found in [1]. This contribution is a revision of GP-150690, and the updated parts are highlighted.
2. Proposed Text for the TR
7. Physical layer aspects and radio access protocols for clean slate concepts

[details omitted]
7.4 Narrowband LTE

7.4.1 General

NB-LTE is designed to support both in-band operation inside a regular LTE carrier and stand-alone operation including re-farming GSM carriers and using small unused parts of a regular LTE carrier. The following considerations are taken into account for design of NB-LTE:
· Compatibility with in-band deployments in one LTE Physical Resource Block (PRB) in order to support a variety of deployment scenarios, including stand-alone deployments.
· Design commonality for different deployment scenarios as much as possible to reduce implementation complexity of devices.
· Performance improvement by employing PAPR reduction techniques for multi-tone transmission on the uplink 
· Performance improvement by optimizing L2/L3 layers such as cell selection mechanism and user plane procedures.
The NB-LTE physical layer uses a system bandwidth of 200 kHz on both downlink and uplink with 180 kHz occupied bandwidth and a 10 kHz guard band at each edge.
On the downlink at physical layer, the key design considerations are as follows:
· Orthogonal Frequency Division Multiple Access (OFDMA) is adopted.
· The same subcarrier spacing of 15 kHz as LTE to reduce the interference between NB-LTE and LTE by maintaining orthogonality.
· The same reference signal structure as LTE, in which the same positions of legacy Cell-specific Reference Signal (CRS) are used.
· Synchronization Signals avoids the first three OFDM symbols that carries control channel in legacy LTE and the OFDM symbols that carries CRS of LTE.
On the uplink at physical layer, the following key factors are considered.
· OFDMA with single tone transmission is baseline.
· The subcarrier spacing of 2.5 kHz, which is one sixth of the LTE subcarrier spacing to multiplex many devices simultaneously especially for single-tone transmission.
· However, for some reasons, such as the need for higher data rate while maintaining robust transmission, multi-tone transmission should be considered. 
· In general, peak-to-average power ratio (PAPR) of multi-tone transmission is larger than that of single tone transmission. 
· Large energy is needed to transmit data when PAPR is high, so that the battery life is considerably shortened, which is significant problem especially to low-cost IoT devices.
· For this reason, PAPR reduction schemes can be considered in NB-LTE. 
· Some options such as precoding-based transmission and QAM with tone selection modulation method are described.
The NB-LTE L2/L3 layer optimizes the following aspects:
· Cell selection/reselection optimization for both stationary and nomadic devices.
· Energy-efficient radio resource management by enhancing the connection management and resource request procedure.
7.4.2 Downlink Design

7.4.2.1 Overview

7.4.2.1.1 Frequency Channelization

A 200 kHz spectrum is divided into a number of subcarriers and guard bands as shown in Figure 7.4.2.1.1-1. The fundamental parameters are:
· Subcarrier spacing = 15 kHz
· Number of usable subcarriers = 12 (180 kHz)
· Guard bandwidth to adjacent 200 kHz channels at either end = 10 kHz
The downlink subcarrier spacing is the same as that in LTE system, which makes NB-LTE and LTE co-exist without interference to each other for the in-band deployment scenario. 
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Figure 7.4.2.1.1-1: Frequency channelization in downlink
7.4.2.1.2 Time Domain Structure

Due to the fact that the NB-LTE system bandwidth (180 kHz) is one sixth of the smallest LTE bandwidth, i.e., 6 Physical Resource Blocks (PRBs), it is convenient for NB-LTE to introduce a new time unit ‘N-Subframe’, which is a collection of 6 consecutive subframes. 

The time units and durations in the NB-LTE system are shown in Fig. 7.4.2.1.2-1.

· N-Slot = 3 ms 

· N-Subframe = 2 N-Slots = 6 ms 

· N-Frame = 10 N-Suframes = 60 ms

· N-Superframe = 8 N-Frames = 480 ms

· N_Hyperframe = 2^18 N-Superframes 
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Figure 7.4.2.1.2-1: Structure of N-Hyperframe, N-Superframe, N-Frame, N-Subframe, and N-Slot

One N-Slot consists of 3 subframes, i.e., 6 slots. Similar as LTE case, one slot consists of 6 or 7 OFDM symbols for normal cyclic prefix (CP) configuration and extended CP configuration, respectively, as shown in Fig. 7.4.2.1.2-2. The symbol duration and CP duration are the same as LTE case.

[image: image3.png]N-Subframe

~<4—1 N-Subframe = 6 ms—#

N-Slot N-Slot
[« 3ms———
Subframe | Subframe | Subframe | Subframe | Subframe | Subframe
<1ms—»
Slot slot
<—0.5ms—»
Normal CP Symbol 0 Symbol 1 Symbol 2 Symbol 3 Symbol 4 Symbol 5 Symbol 6

52us 47us 66.7 us

extended CP [ ] symbolo [ symbol1 [ ] symbol2 ‘Symbols [ symbola [T symbols

167us  66.7us





Figure 7.4.2.1.2-2: Structure of N-Subframe and N-Slot 

7.4.2.1.3 Resource Grid
The transmitted signal in each slot is described by 12 subcarriers and 6 or 7 OFDM symbols, depending on the configured CP length. The resource grid structure is illustrated in Fig. 7.4.2.1.3-1. Each element in the resource grid is called a resource element, and have a unique index (k,l), where k and l are the indices in the frequency and time domains, respectively. During a slot, partial resource elements are configured for transmission of reference signals (RSs), which has a similar structure of that in LTE resource grid. Within each slot, there are 8 RS symbols. The subcarriers to place the RSs are determined by the cell ID ([image: image5.png]
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Figure 7.4.2.1.3-1: Downlink Resource Grid for the case of mod([image: image10.png]Nigu 3
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7.4.2.1.4 Physical Channels and Signals
A downlink physical channel corresponds to a set of resource elements carrying information originating from higher layers. The following downlink physical channels are defined:

· Narrowband Broadcast Channel (N-PBCH)

· For system and cell specific information
· Narrowband Downlink Control Channel (N-PDCCH)

· RACH response, DL assignment, UL assignment, ACK to PUSCH, Paging

· Narrowband Downlink Shared Channel (N-PDSCH)

· For data traffic

The following downlink physical signals are defined:

· Narrowband Synchronization Signals
· For time/frequency synchronization and cell search
· Narrowband Reference Signals 

· For channel estimation and measurements
7.4.2.2 Basic Downlink Design
The basic design option considers the time-expansion principle to remap the LTE resource elements in a frame over 6 PRBs to one N-Frame of NB-LTE. 
In LTE, multiplexing of different physical channels in a frame is well defined according to TS 36.211 [3]. By applying the time-expansion principle, the resource allocation during an N-Frame in NB-LTE is can be obtained, as shown in Fig. 7.4.2.2-1. Here, we highlight the first 4 N-Subframes in an N-Frame.
It is noted that some modifications are applied after time-expansion:

· PCFICH and PHICH are not considered in NB-LTE and are used for N-PDSCH.

· N-PSS/N-SSS re-arrangement, as described in Section 7.4.2.2.1. 

· N-PDCCH re-arrangement, as described in Section 7.4.2.2.2. 
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Figure 7.4.2.2-1: Example of resource multiplexing in NB-LTE

7.4.2.2.1 N-PSS and N-SSS
In NB-LTE, two special signals, the N-PSS (Narrowband-Primary Synchronization Signal) and the N-SSS (Narrowband-Secondary Synchronization Signal) are provided for time/frequency synchronization and cell identification. The N-PSS and N-SSS occupy 6 OFDM symbols in one N-Slot, respectively, and each signal is repeated 4 times within an N-Frame. For example, the N-PSS and N-SSS are transmitted in the N-Slot 2, N-Slot 7, N-Slot 12, and N-Slot 17 in an N-Frame. 

After applying time-expansion principle directly, the mapping of N-PSS and N-SSS will result in fragmented synchronization signal sequences. For synchronization signals, however, it is desirable to reduce the fragmentation interval and to construct the contiguous sequence as much as possible in order to achieve fast synchronization. On the other hand, considering the LTE in-band deployment scenario, the time-contiguous structure for the synchronization signals may not be desirable since it collides with legacy LTE signals. More specifically, transmission of the N-PSS and N-SSS should avoid collision with LTE PDCCH and CRS symbols when operating in LTE in-band.

From the above consideration, two options for the allocation of the N-PSS and N-SSS within an N-Slot are proposed as follows:
Option 1: The N-PSS and N-SSS occupy the contiguous 6 OFDM symbols in a subframe in an N-Slot, respectively. 
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Figure 7.4.2.2.1-1: Time and frequency allocations of N-PSS and N-SSS in an N-Slot for option 1
Option 2: The N-PSS and N-SSS occupy the non-contiguous 6 OFDM symbols over three subframes in an N-Slot, respectively. 
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Figure 7.4.2.2.1-2: Time and frequency allocations of N-PSS and N-SSS in an N-Slot for option 2
Option 3: The N-PSS and N-SSS occupy the contiguous 6 OFDM symbols over two subframes in an N-Slot. 
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Figure 7.4.2.2.1-3: Time and frequency allocations of N-PSS and N-SSS in an N-Slot for option 3
In the option 1, the N-PSS and the N-SSS are allocated on the last 6 OFDM symbols of the 2nd slot and the 1st slot in an N-Slot, respectively. The synchronization signals in the option 1 has duration of 1 ms, which is shorter than that of the option 2. Accordingly, the contiguous allocation of the N-PSS and N-SSS in option 1 can provide faster synchronization and less memory consumption at receiver side. However, in the option 1, the synchronization signals collide with legacy LTE signals when operating in LTE in-band due to the contiguous allocation fashion. 
In the option 2, the N-PSS are transmitted in 6 non-contiguous OFDM symbols, i.e., the last 2 symbols during the last 3 contiguous slots in a N-Slot (1.5 ms). Similarly, the N-SSS are transmitted in the last 2 symbols during the first 3 slots in an N-Slot. The option 2 is designed under the consideration on LTE in-band deployment. As shown in Figure 3.2.1-2, the N-PSS and N-SSS are transmitted over OFDM symbols that are not reserved for the PDCCH and CRS of legacy LTE. This option thus ensures no collision between the N-PSS/N-SSS and the PDCCH and CRS of legacy LTE and supports backwards compatibility with legacy LTE. 
In option 3, the N-PSS occupies the last 6 OFDM symbols of a subframe in an N-Slot, and N-SSS occupies the last 6 OFDM symbols of another subframe in the N-Slot. This option is similar as option 1, except the position of N-SSS is different. The synchronization performance of option 1 and option 3 is expected to be equivalent. However, since the N-PSS/N-SSS do not occupy the symbols of the first slot in a subframe, the option 3 is more compatible with legacy LTE than option 1 when operating in LTE in-band. 

In option 1 and 3, N-PSS and N-SSS may in some cases collide with the LTE CRS in in-band deployment scenario. For compatibility with legacy LTE UEs, one solution is to preserve the LTE CRS. The N-PSS/N-SSS at the CRS resource elements may be punctured.
7.4.2.2.2 N-PDCCH
The N-PDCCH carries control messages such as downlink assignment messages, uplink assignment messages, uplink Ack/Nack, and paging information. The structure and DCI formats of the existing PDCCH can be re-used. However, considering the compatibility with in-band deployment, the N-PDCCH of NB-LTE can be located in the 2nd slot, to avoid conflict with legacy LTE PDCCH located in the 1st slot, as shown in Fig. 7.4.2.2.2-1. In the subframes where the 2nd slot is occupied by N-PBCH, the N-PDCCH can be simply dropped. The CCE concept in LTE can be reused and different CCE aggregation level can be considered to support different coverage cases.
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Figure 7.4.2.2.2-1: PDCCH symbol location re-arrangement in a subframe of NB-LTE

In summary, after re-arranging N-PSS/N-SSS and N-PDCCH as discussed above, the new resource mapping for downlink NB-LTE shown in Fig. 7.4.2.2-1 can be obtained. This resource multiplexing is obtained by using the following procedure.

1. Start with LTE resource multiplexing designed for 6 PRBs

2. Use the time-expansion principle to map to 1 PRB used by NB-LTE.

3. Give PCFICH and PHICH resources to N-PDSCH

4. Give N-PDCCH resources of N-Subframe 0 to N-PDSCH

5. Move remaining N-PDCCH resources from the 1st slot to the 2nd slot in each sub-frame

6. Re-arrange N-PSS/N-SSS according to option 2 in Section 7.4.2.2.1.

7.4.2.3 Alternative Downlink Design
As an alternative design option, one may consider a time-collection principle to collect the OFDM symbols of the same physical channel and signal in NB-LTE, e.g., based on an N-Frame level or an N-Superframe level. For example, the time and frequency allocations of different physical channels based on an N-Superframe level are respectively shown in Figure 7.4.2.3-1.
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Figure 7.4.2.3-1: Time and frequency allocations of downlink channels in an N-Superframe
7.4.2.3.1 N-PSS/N-SSS/N-PBCH
The N-PSS and N-SSS occupy 6 OFDM symbols in one N-Slot. It is repeated in 4 times during one N-Frame, as shown in Fig. 3.3.1-1. Two N-Frames can be considered for N-PSS/N-SSS transmission during an N-Superframe (i.e., repeated 8 times during an N-Superframe).

The N-PBCH provides basic system and cell information, including the Master Information Block (N-MIB) and Secondary Information Blocks (N-SIBs) carried by a single broadcast channel (BCH). 
As shown in Fig. 7.4.2.3.1-1, the N-PSS/N-SSS and N-MIB resource block are multiplexed in 12 subframes during an N-Frame, and are transmitted 2 times during an N-Superframe to allow large coding gain and time diversity. In LTE in-band deployment scenario, N-PSS/N-SSS can be used for channel estimation to assist N-MIB decoding since the legacy LTE CRS information may not be fully available at the time of N-MIB decoding. 

There are two N-SIB resource blocks per N-Superframe, and each occupies 24 subframes. Different from N-MIB, the N-SIBs are not multiplexed with N-PSS/N-SSS. In LTE in-band deployment scenario, it is assumed that the legacy LTE CRS information is fully available after N-MIB decoding, and hence channel estimation based on legacy LTE CRS can be utilized for N-SIB decoding. 

The N-MIB message carries the N-Superframe number hence its content changes every N-Superframe, while the contents of the remaining N-SIB messages are not expected to change every N-Superframe. For LTE in-band deployment scenario, partial system information of the legacy LTE cell may need to be conveyed in N-MIB and N-SIBs, e.g., number of PDCCH symbols, reference signals information. NB-LTE transmission should not collide with the legacy LTE transmissions. 

The N-PBCH modulation and coding is designed to cater for the worst coverage case. For in-band deployment, a preconfigured number of first several OFDM symbols in each subframe are punctured to avoid the legacy PDCCH of LTE and other OFDM symbols remain the same. The modulation and coding schemes for N-PBCH are given in Table 7.4.2.3.1-1. It is noted that robust modulation and coding schemes of N-PBCH are used considering both in-band and standalone deployment scenarios.
[image: image17.png]N-PSS/N-SSS/N-PBCH

- N-Frame (60 ms)
N-PSS/N-5SS.
DTS N-SIB N-SIB
- 12 ms: = 24 ms——»<—24 ms

S&B | S&B | S&B | S&B

<“3ms

1ms > 1ms > 1ms >




Figure 7.4.2.3.1-1: Resource allocation of N-MIB and N-SIBs in an N-Superframe
Table 7.4.2.3.1-1 N-PBCH coding and modulation schemes
	
	Payload size (Bits) (including CRC)
	No. of subcarriers
	Number of Subframes
	Coding rate
	Modulation
	Repetition

	N-MIB
	48
	12
	12
	0.019
	QPSK
	2x

	N-SIB
	80
	12
	24
	0.016
	QPSK
	1x


7.4.2.3.2 N-PDCCH
After N-PSS/N-SSS/N-PBCH, the following N-Frame is used for N-PDCCH transmission. One N-PDCCH message occupies 6 subcarriers of multiple subframes. The N-PDCCH messages are independently encoded. In addition, the N-PDCCH search spaces in the same coverage class are defined according to the cell ID and UE ID, which aims to minimize the number of N-PDCCH messages that a MS needs to read. 

Total 4 N-PDCCH configuration formats in an N-Frame can be supported and the exact N-PDCCH configuration format is indicated in the system information. In addition, the number of N-Frames used for N-PDCCH during an N-Superframe can also be configured in the system information. One typical N-PDCCH configuration with 3 coverage classes is shown in Fig. 7.4.2.3.2-1, and the corresponding MCS and required resource for each coverage class are listed in Table 7.4.2.3.2-1. An N-PDCCH message has a maximum payload size of 80 bits including CRC. In each subframe, the resource elements except the reference symbols can be used for N-PDCCH, as shown in Fig. 7.4.2.3.2-2.
For the in-band deployment, the first three OFDM symbols in each subframe are punctured to avoid collision with the legacy PDCCH of LTE and other OFDM symbols remain the same.
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Figure 7.4.2.3.2-1: A typical PDCCH resource allocation during one N-Frame.
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Figure 7.4.2.3.2-2: N-PDCCH resource elements in a subframe.
Table 7.4.2.3.2-1: MCS and required resource of a PDCCH message 
	Coverage Class
	1
	2
	3

	Modulation
	QPSK
	QPSK
	QPSK

	Coding rate 
	1/3
	1/3
	1/3

	Repetition
	2
	5
	37

	Resource per message (subcarrier x subframe)
	6x4
	6x8
	6x60


7.4.2.3.3 N-PDSCH
The N-PDSCH carries downlink data packets. It always occupies 12 subcarriers of multiple subframes. In each subframe, the resource elements except the reference symbols and synchronization signals can be used for N-PDSCH, as shown in Fig. 7.4.2.3.3-1.

A total of 3 MCSs are defined to support 3 coverage classes, as shown in Table 7.4.2.3.3-1. 
For the in-band deployment, the first three OFDM symbols in each subframe are punctured to avoid collision with the legacy PDCCH of LTE and other OFDM symbols remain the same.
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Figure 7.4.2.3.3-1: N-PDSCH resource elements in a subframe.
Table 7.4.2.3.3-1: MCS for N-PDSCH 
	MCS Index
	Modulation
	Coding Rate
	Repetition

	0
	QPSK
	2/3
	1x

	1
	QPSK
	1/3
	2x

	2
	QPSK
	1/3
	16x


7.4.3 Uplink Design

7.4.3.1 Frequency Domain
A 200 kHz system bandwidth is divided into 72 narrow band subcarriers as shown in Figure 7.4.3.1-1. The numerologies are as follows:
·  Subcarrier spacing: 2.5 kHz ( = 15 kHz/6)
·  Active carriers: 72 ( = 180 kHz)
·  Guard band at each edge: 10 kHz
[image: image21.png]b

ccccccccccccc

| '
S L o »n
° —— T





Figure 7.4.3.1-1: Uplink channelization for NB-LTE solution
7.4.3.2 Time-Domain Frame and Slot Structure
The definitions of N-subframe, N-frame, N-superframe and N-hyperframe are the same as for the downlink. There are 2 N-slot types for the uplink as follows:
·  Type 1 N-slots are used for N-PUSCH and N-PUCCH in a normal cell radius. A type 1 N-slot consists of 7 symbols, each with 128 data samples. First symbol has 10 samples for the CP and the next 6 symbols have 9 samples for the CP. A type 1 N-slot has duration of 3ms.
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Figure 7.4.3.2-1: Structure of type 1 N-slot

·  Type 2 N-slots are used for N-PUSCH and N-PUCCH in an extended cell radius. A type 2 N-slot consists of 6 symbols, each with 128 data samples and 32 CP samples. A type 2 N-slot has duration of 3ms.
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Figure 7.4.3.2-2: Structure of type 2 N-slot

Time domain parameters for the type 1/2 N-slot are as follows:
·  Baseband sampling rate: 320 kHz (30.72 MHz/96)
·  FFT size: 128 samples (400µs)
·  CP length
· Type 1: 10 samples (first symbol 31.25µs), 9 samples (next 6 symbols 28.125µs)
· Type 2: 32 samples (100µs)
Type 1 N-slot consists of 1 pilot symbol and 6 data symbols as shown in Figure 7.4.3.2-3.
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Figure 7.4.3.2-3: Pilot and data symbols in a type 1 N-slot

Type 2 N-slot consists of 1 pilot symbol and 5 data symbols as shown in Figure 7.4.3.2-4.
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Figure7.4. 3.2-4: Pilot and data symbols in a type 2 N-slot

7.4.3.3 Uplink Transport Channels
There are three types of uplink channels named N-PRACH, N-PUCCH and N-PUSCH as shown in Figure 7.4.3.3-1. 
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Figure 7.4.3.3-1: Uplink physical channels

7.4.3.3.1 Narrow-band Physical Random Access Channel (N-PRACH)
7.4.3.3.1.1 N-PRACH Formats
The resource structure and position of the N-PRACH are indicated in system information on N-PBCH. Depending on the coverage class, N-PRACH resource can have different subcarrier spacing. It is proposed to use 625Hz and 312.5Hz subcarrier spacing for N-PRACH. Note that the wider subcarrier spacing is robust to the carrier frequency offset and Doppler shift. Hence, for the mobile user, it is better to use wider subcarrier spacing. For the static user, it is better to use a long preamble length to enhance the detection probability of RACH. BS can configure the position of these 2 types of N-PRACH. Figure 7.4.3.3.1.1-1 shows structure of the type 1 N-PRACH that consists of subcarrier spacing 625Hz. To avoid interference between N-PUSCH and N-PRACH, guard band should be inserted like as LTE. For a given N-PRACH bandwidth 160 kHz, the subcarrier spacing 625Hz has the preamble length 241 which has bandwidth 150.625 kHz. The remaining bandwidth 9.375 kHz is used as guard band between N-PRACH and N-PUSCH. 
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Figure 7.4.3.3.1.1-1: Structure of Type 1 N-PRACH with subcarrier spacing 625Hz

Figure 3.3.1.1-2 shows structure of the type 2 N-PRACH that consists of subcarrier spacing 312.5Hz. For a given N-PRACH bandwidth 160 kHz, the subcarrier spacing 625Hz has the preamble length 491 which has bandwidth 153.4375 kHz. The remaining bandwidth 6.5625 kHz is used as guard band between N-PRACH and N-PUSCH.
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Figure 7.4.3.3.1.1-2: Structure of Type 2 N-PRACH with subcarrier spacing 312.5Hz

Figure 3.3.1.1-3 shows an example of type 1 and 2 configuration. As an example, BS even can operate one of type 1 or 2 PRACH only according to the traffic type.
[image: image29.png]1 N-Frame = 60 ms

i
=
o N-PUCCH NZPUCCH N-PUCCH
—
g N-PUSCH N-PUSCH N-PUSCH
S Tyep 1 Type 2 Type 1
I N-PRACH N-PRACH N-PRACH
i
§ N:PUCCH N-PUCCH N-PUCCH
—





Figure 7.4.3.3.1.1-3: An example of type 1/2 N-PRACH configuration

7.4.3.3.1.2 N-PRACH Dimensioning
N-PRACH resource for each coverage class is divided into several segments as shown in Figure 3.3.1.2-1. Based on the path loss, each UE determines its MCS and then randomly choose one of segments to transmit N-PRACH.
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Figure 7.4.3.3.1.2-1: N-PRACH CP and Guard Time

7.4.3.3.2 Narrow-band Physical Uplink Shared Channel (N-PUSCH)
The PUSCH is used to send uplink data packet. As an example, 9 MCSs are defined as follows.
	Uplink MCS
	Coverage class
	Payload
size (Bytes)
	No. of 
tones
	No. of 
slots
	Coding
rate
	Modulation
	Repetition

	0
	3
	25
	1
	200
	1/3
	BPSK
	2x

	1
	
	50
	1
	400
	1/3
	BPSK
	2x

	2
	
	100
	1
	800
	1/3
	BPSK
	2x

	3
	2
	25
	4
	10
	0.833
	(4,4)-
modulation
	1x

	4
	
	50
	4
	22
	0.758
	(4,4)-
modulation
	1x

	5
	
	100
	4
	44
	0.758
	(4,4)-
modulation
	1x

	6
	1
	25
	4
	5
	0.833
	QPSK
	1x

	7
	
	50
	4
	11
	0.758
	QPSK
	1x

	8
	
	100
	4
	22
	0.758
	QPSK
	1x


7.4.3.3.3 Narrow-band Physical Uplink Control Channel (N-PUCCH)
A dedicated PUCCH is supposed to carry ACK/NACK for DL packets. The baseline PUCCH occupies one tone at each edge as shown in Figure 7.4.3.3-1. Multiple UE’s PUCCH is time-division multiplexed and the position of PUCCH resource is informed in DL grant. If PUCCH resource is not enough, ACK/NACK information can be carried on PUSCH which is informed in DL grant. On the other hands, BS can configure that the PUSCH use the resource of the dedicated PUCCH, if needed.
7.4.3.4 Multi-tone Transmission
For NB-LTE, single tone transmission is base transmission. However, for some reasons, such as the need for higher data rate while maintaining robust transmission, multi-tone transmission should be considered. In general, peak-to-average power ratio (PAPR) of multi-tone transmission is larger than that of single tone transmission. Since the PAPR diminishes the network throughput by making the efficiency of power amp worse, some PAPR reduction schemes can be considered in NB-LTE. Here, some options are described.
7.4.3.4.1 Spreading-Based OFDM
For uplink, the system bandwidth 200kHz is subdivided into 72 multiple uplink channels with subcarrier spacing 2.5kHz and 10kHz guard band at each edge. Single or multiple tones can be allocated to a single UE for uplink access. Multiple tone allocation or channel bonding is beneficial to increase data rate but it causes high PAPR. In NB-LTE, spreading based OFDM e.g., DFT-spreading OFDM (DFT-s-OFDM) or other spreading method can be considered to be a baseline multi-tone transmission scheme for high data rate support. For the cases of that CIoT devices require more power-efficient transmission with modest data rate, other spreading-based OFDM using redundancy can be considered since its PAPR property can be controlled further by using a little more amount of resources. Figure 7.4.3.4.1-1 shows the two spreading methods. Specific spreading coefficients can to be defined in the specification.
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Figure 7.4.3.4.1-1: Spreading-based OFDM matrices

7.4.3.4.2 QAM with Tone Selection: (MF, MQ)-Modulation
For the modulation method to reduce PAPR, QAM with tone selection can be considered. . This modulation with MF allocated tones and MQ-ary QAM is called (MF, MQ)-Modulation. Each (MF, MQ)-Modulated symbol carries log2 MF bits by selecting one frequency-tone among the MF frequency-tones and log2 MQ bits by selecting one QAM symbol among the MQ QAM symbols, respectively. As a result, the selected QAM symbol in M-ary Modulation is transmitted over the selected frequency-tone.

A number of (MF, MQ)-Modulation schemes are proposed as given in Table 3.4.2-1.
Table 3.4.2-1 Various (MF, MQ)-Modulation Schemes
	Modulation
	(2,4)
	(4,4)
	(8,4)

	Bits/ tone
	1.5
	1
	0.625

	Bits/symbol
	3
	4
	5


Since the (MF, MQ)-Modulation transmits data symbol using only one tone out of multiple tones, the PAPR of (MF, MQ)-Modulation is much lower than that of QAM in medium to high transmission rate region when the rate is same each other. 

For example, the PAPR of (4,4)- modulation with OFDM using 4 tones is 0 dB, that of 16QAM with OFDM using 1 tone is around 2.6dB, and that of QPSK with SC-FDMA using 2 tones is around 3dB. (Note that the data rates of the modulations are the same.)

Table 3.4.2-2 PAPR of various (MF, MQ)-Modulation schemes
	Modulation
	(4,4)-CM with OFDM using 4 tones
	16QAM with OFDM using 1 tone
	QPSK with SC-FDMA using 2 tones

	PAPR
	0 dB
	2.6 dB
	3∽4 dB



7.4.3.5 Transmit Chain for Uplink Channels
In uplink, there are three channels named N-PUSCH, N-PRACH and N-PUCCH. The N-PUCCH occupies one tone per UE while N-PUSCH can occupy multiple tones per UE. N-PUSCH has transmit chain as shown in Figure 7.4.3.5-1. 
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Figure 7.4.3.5-1: Transmit chain for N-PUSCH

The N-PUCCH carries one bit ACK/NACK information for the DL data packet. One bit ACK/NACK information is mapped to one of two orthogonal sequences which will be carried on 14 symbols within 2 N-slots as shown in Figure 7.4.3.5-2. Usage of more than 2 N-slots is informed in DL grant if needed.
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Figure 7.4.3.5-2: Transmit chain for N-PUCCH
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