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C-UNB technology for Cellular IoT - Physical Layer

Scope
This document describes the physical layer of uplink and downlink transmission of the cooperative ultra narrow band (C-UNB) technology, which is candidate to Cellular IoT, as stated in [1].
Introduction
The C-UNB technology is currently deployed as stand-alone networks in several countries using the license-free ISM spectrum. An overall description of this type of implementation is given in [2]. The present document depicts the C-UNB physical layer adapted to cope with the requirements of Cellular IoT, as defined in [3].
Technical description
Uplink physical layer
Bit rate
The requirements for improved coverage and ultra low power UEs imply many tradeoffs when designing the air interface. In C-UNB, the tradeoff consists in using extremely low data rates. These data rates allow ultra narrow band transmission, and hence very good reception sensitivity, with no need of complex error correction codes. Here, it is proposed to use a rate of 160 bps, which is compliant with the requirement stated in [3].
Modulation
The modulation scheme is pure D-BPSK. The binary phase shift keying is very robust against noise and hence gives very good sensitivity with limited complexity. BPSK is natively available in several off-the-shelf sub-gigahertz radio chipsets. In the other chipsets, it is easily implemented with modified FSK modulation.
Transmission power
The transmission power is a key parameter in IoT UEs because it sets most part of the battery life. Considering the very good selectivity and dynamic of C-UNB receivers in base stations, it is proposed to keep the power transmission constant (no power management depending on the actual link budget between a UE and a base station). Il is proposed to set the power transmission at +24dBm in C-UNB UEs.
Transmission frequency
In Cellular IoT, the objective is to re-use the 200kHz legacy frequency bands for dedicated IoT traffic. In the case of C-UNB technology, the legacy frequency band is divided in "micro-channels" of 160Hz. The center frequency of each micro-channel is not precisely defined in the specifications, because C-UNB base stations listen for the full 200kHz bandwidth continuously. Within a 200kHz band, they are able to cope with micro-channels used by different UEs, even if the center frequencies drift a bit. This feature allows using standard crystal oscillator in C-UNB modem instead of costly TCXO. These micro-channels are named "ad'hoc micro-channels" in C-UNB technology.
Uplink MCL
Table 1 gives the maximum coupling loss (MCL) of the uplink transmission in C-UNB. Calculation is based on methodology given in subclause 5.1 of TR 36.888 [4].

Table 1: Maximum Coupling Loss in C-UNB uplink
	Logical channel name
	C-UNB uplink

	Data rate (bps)
	160

	Transmitter
	

	(1) Tx power (dBm)
	+24

	Receiver
	

	(2) Thermal noise density (dBm/Hz)
	-174

	(3) Receiver noise figure (dB)
	3

	(4) Interference margin (dB)
	0

	(5) Occupied channel bandwidth (Hz)
	160

	(6) Effective noise power
= (2) + (3) + (4) + 10 log ((5))  (dBm)
	-148

	(7) Required SINR (dB)
	8

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-140

	(9) Rx processing gain
	0

	(10) MCL  = (1)  (8) + (9) (dB)
	+164





Downlink physical layer
The downlink physical layer is designed with different parameters compared to the uplink layer, because more energy is available in base station for transmission. It is proposed to have the following parameters for C-UNB downlink.
Bit rate
The downlink bit rate is set to 600bps in order to reduce the reception time in UEs.
Modulation
The proposed modulation for C-UNB downlink transmission is 2GFSK, BT = 1.0, F = +/- 800Hz. It is chosen because GFSK demodulators are commonly available in low cost sub-gigahertz radio chipsets. The bandwidth is 600Hz.
Transmission power
The sensitivity of GFSK receivers in UEs is slightly lower than BPSK receivers in base stations, therefore the transmission power on each ad'hoc micro-channel can be set up to +34dBm. In practice, actual transmission power in downlink is adjusted according to uplink-received signal strength.
Downlink frequency
The center frequency of each ad'hoc micro-channel is chosen within the legacy 200kHz band corresponding to the uplink frequency band. The precise center frequency of a given ad'hoc micro-channel for downlink is not known a priori. It is calculated for each downlink message; the precise value is derived from actual uplink transmission frequency (see figure 1).
Downlink MCL
Table 2 gives the maximum coupling loss (MCL) of the downlink transmission in C-UNB. Calculation is based on methodology given in subclause 5.1 of TR 36.888 [4].

Table 2: Maximum Coupling Loss in C-UNB downlink
	Logical channel name
	C-UNB downlink

	Data rate (bps)
	600

	Transmitter
	

	(1) Tx power (dBm)
	+34

	Receiver
	

	(2) Thermal noise density (dBm/Hz)
	-174

	(3) Receiver noise figure (dB)
	7

	(4) Interference margin (dB)
	0

	(5) Occupied channel bandwidth (Hz)
	600

	(6) Effective noise power
= (2) + (3) + (4) + 10 log ((5))  (dBm)
	-139

	(7) Required SINR (dB)
	9

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-130

	(9) Rx processing gain
	0

	(10) MCL  = (1)  (8) + (9) (dB)
	+164



Conclusion
This contribution details the physical layer of the C-UNB technology and shows how this innovative radio technology can meet requirements from Cellular IoT with very limited complexity in the UE modems.
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Figure 1: Relationship between frequencies of corresponding UL and DL micro-channels
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