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Introduction
[bookmark: _GoBack]This document provides text on the C-UNB candidate solution for inclusion in section 7.4 of the Technical Report 45.820 revision 1.4.0.
The proposed text describes the downlink and uplink physical layer design of the C-UNB solution.
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Cooperative Ultra Narrow Band
General description
Downlink physical layer design
Types of DL channels
The C-UNB implements two types of DL channels:
the ad'hoc micro-channel that carries user plane packets for a given MS,
the beacon channel that broadcasts system information in each sector.
Radio design of these two channels is detailed here under, with common or separate clauses when appropriate.

Bit rate
The downlink bit rate is set to 600bps for ad'hoc micro-channels. This value is low enough to have UNB transmissions. It is higher that the UL transmission rate to get a reduced transmission time of DL radio packets, hence reducing the reception time in devices.

The beacon channel, which transmits control information in DL, is rated at 8 000bps. This high bit rate reduces the listening time in MSs that is good for power consumption. To keep the MCL at maximum value, the transmit power of beacon channel is increased.

Modulation
The proposed modulation for C-UNB downlink transmission is D-BPSK. It is chosen because of its robustness against noise and interferers. Differential modulation is implemented with a  phase shift for each bit 0 transmitted. Bit 1 keeps the phase constant.
Transmission power of ad'hoc micro-channel
Maximum power
The sensitivity of receivers in devices is slightly lower than receivers in base stations, because the reception bandwidth can't be as narrow as what is in base stations. The ad'hoc micro-channel bit rate is higher than in UL. Therefore it is proposed to set the maximum transmission power of an ad'hoc micro-channel to +34dBm.

Downlink power management
The transmission power of ad'hoc micro-channels is adjusted according to the strength of the received signal in uplink. This very simple power management can be implemented because every DL packet is triggered by a UL packet.
If we consider the regular distribution of mobile stations in a cell, the mean distance to the base station is 2/3 of the max distance. This mean value improves the link budget by about 5 dB and gives room for carrier aggregation in DL (see next subclause).

Ad'hoc micro-channel aggregation
The power spectral density (PSD) of a GSM/GPRS base station is an important limiting factor for C-UNB, because the total available power is split among all the ad'hoc micro-channels, which are transmitted simultaneously. The worst case is where all ad'hoc micro-channels are aimed at devices close to the cell border: each ad'hoc microchannel is set to its maximum transmit power, i.e. +34dBm. Given the PSD of +43dBm in GSM/GPRS base stations, the total number of ad'hoc micro-channels, which can be transmitted simultaneously, is 8.
If we consider the mean distance of devices, the mean transmit power is +29dBm. Hence, the mean number of DL micro-channels is about 25.
The values (i.e. 8 max and 25 mean) are reasonable for carrying the user plane traffic in downlink.

Tramsmission power of beacon channel
The transmission power for the beacon channel uses the full power available in BTS, i.e. +43dBm. It means that beacon channel is transmitted alone because it requires the full available power of a BTS, whereas ad'hoc micro-channels can be aggregated, as depicted in figure 7.4.2.1.
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Figure 7.4.2.1: Ad'hoc micro-channel and beacon channels

Center frequency in DL
The center frequency of each ad'hoc micro-channel is chosen according to the actual frequencies used by the mobile station during uplink transmission. The precise center frequency of a given ad'hoc micro-channel is not known a priori. It is calculated for each downlink message (see figure 7.4.2.2) according to the actual frequencies used in UL.
This feature helps reducing the complexity and cost of devices, because no automatic frequency control is needed during reception in devices: the AFC is performed by the base station itself.

The center frequency of the beacon channel is precisely defined. In a given area, it is the center frequency of the 200kHz block allocated to CIoT.

[image: ]
Figure 7.4.2.2: Relationship between frequencies in UL and DL

Pulse shaping and spectrum mask
Amplitude of the transmitted signal is reduced during phase transition in order to keep the signal spectrum within tight boundaries, i.e. 1200 Hz. Pulse shaping filter is given in figure 7.4.2.3, whereas figure 7.4.2.4 gives the corresponding spectrum mask.
This filter is an optimized low-pass filter for the sake of low complexity in mobile stations. For improved performance, it can be changed to a root-raised-cosine filter with ß set about 0.5 to 0.6.
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Figure 7.4.2.3: Pulse shaping filter in DL
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Figure 7.4.2.4: Spectrum mask of DL in C-UNB


Error correction code
Each MAC-PDU is protected by an Error Correction Code (ECC) of 32 bits. Given the max length of a MAC-PDU of 384 bits, this ECC adds a 1dB gain to the MCL.

Downlink MCL
The present document details the calculation for the maximum coupling loss (MCL) and the preferred methodology to evaluate the various items in MCL table is given in subclause 5.1 of TR 36.888. Simulation is the preferred methodology to get non-trial values.
In the present subsection, preliminary values given in table 7.4.2.1 are from analytical models or are derived from field trials. Simulation results are FFS. These values are common sense, except the SINR, which is explained here after.

Subclause 5.1 of TR 36.888 states that SINR is evaluated with a TU1 path loss model. TUx path loss models have been proposed for modeling the impact of multipath propagation onto GSM radio signals that have a bandwidth of 200kHz and a modulation rate of 270kbps. In the case of ultra narrow band signals, the usual four effects of TU propagation models are mitigated the following ways:
the Doppler effect that shifts the center frequency of a message : when a MS moves at less than 30 km/h, the Doppler shift is about 25Hz. This small shift is not seen by the MS, which band filter is larger than the signal (i.e. 1kHz vs 600Hz).
the Doppler effect that creates a frequency drift within a received message : this is the case when the relative speed of a device is not constant. Such drifts are relatively small when the device speed is lower than 30km/h: they don't move the received signal out of the 1kHz band of the MS receiver
fast fading, which is critical in GSM, is not an issue for C-UNB, because the symbol duration is 1,66 ms in C-UNB DL transmission
slow fading (or shadowing), which is due to interference between waves with a long term coherency, is usually overcome with multi-antenna reception or multiple transmissions. Considering the duration of DL radio packets (i.e. about 0,2-0,6 s), we propose to have four blind retransmissions of each DL radio packet.
When putting all this together, we propose to set the SINR value to 9dB. Table 7.4.2.1 gives the Maximum Coupling Loss of the C-UNB downlink transmission.


Table 7.4.2.1: Maximum Coupling Loss in C-UNB downlink (preliminary figures derived from analytical model and/or field trials)
	Logical channel name
	user plane DL
	beacon channel

	Data rate (bps)
	600
	8 000

	Transmitter
	
	

	(1) Tx power (dBm)
	+34
	+43

	Receiver
	
	

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

	(3) Receiver noise figure (dB)
	6
	6

	(4) Interference margin (dB)
	0
	0

	(5) Occupied channel bandwidth (Hz)
	1000
	8 000

	(6) Effective noise power
= (2) + (3) + (4) + 10 log ((5))  (dBm)
	-138
	-129

	(7) Required SINR (dB)
	9
	9

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-129
	-120

	(9) Rx processing gain
	1
	1

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




Uplink physical layer design
Bit rate
The uplink bit rate is set to 250bps. Compared to the 900MHz, this value sets the ultra narrow band characteristics of C-UNB. Depending on the protocol overhead, it allows meeting the nominal throughput of 160bps at SNDCP interface.

Modulation
The proposed modulation for C-UNB downlink transmission is D-BPSK. It is chosen because of its robustness against noise and interferers. Differential modulation is implemented with a  phase shift for each bit 0 transmitted. Bit 1 keeps the phase constant.

Transmission power
The transmission power is a key parameter for IoT devices because it sets most part or the power consumption of devices. Considering the very good selectivity and dynamic of C-UNB receivers in base stations, the Tx power in uplink may be set always at maximum power. Nevertheless, Tx power is adapted according to coverage class in order to increase the battery life of devices that experience good propagation conditions. UL transmit power adaptation mechanism is given in radio resource management subclauses.

Uplink frequency
In Cellular IoT, the objective is to re-use the legacy 200kHz blocks for IoT traffic. In usual cellular system, the center frequency of a channel is defined precisely and thus it requires costly TCXO or complex frequency correction features.
In the case of C-UNB technology, the legacy frequency block is used to carry uplink and downlink "ad'hoc micro-channels" that are ultra narrow band, that is to say, that have drift ranges larger that the modulation bandwidth. For this reason the center frequency of an ad'hoc micro-channel is not precisely defined, provided it is within the 200kHz block allocated to CIoT. Upon UL transmission, a mobile station sets pseudo-randomly the center frequency for each UL PHY-PDU. The precise frequency detection and correction is done by the Software Defined Radio base station in uplink that acts as a kind of automatic frequency correction.

Pulse shaping and spectrum mask
Amplitude of the transmitted signal is reduced during phase transition in order to keep the signal spectrum within tight boundaries, i.e. 500Hz. Pulse shaping filter is given in figure 7.4.3.1.
The obtained spectrum and spectrum mask are illustrated in figure 7.4.3.2.
This filter is an optimized low-pass filter for the sake of low complexity in mobile stations. For improved performance, it can be changed to a root-raised-cosine filter with ß set about 0.5 to 0.6.


[image: ]
Figure 7.4.3.1: Pulse shaping filter in UL


[image: ]
Figure 7.4.3.2: Actual spectrum and spectrum mask for UL


Error correction code (ECC)
A 16 bit Reed-Solomon ECC protects each MAC-PDU. Given the max length of a MAC-PDU of 388 bits, this ECC adds a 1dB gain to the MCL with a limited complexity in the device. The most complex part of the Reed-Solomon code (i.e. the decoding part) is performed in the base station.

Uplink MCL
The present document details the calculation for the maximum coupling loss (MCL) and the preferred methodology to evaluate the various items in MCL table is given in subclause 5.1 of TR 36.888. Simulation is the preferred methodology to get non-trial values.
In the present subclause, preliminary values given in table 7.4.3.1 are from analytical models and/or field trials. Simulation results are FFS. These values are common sense, except the SINR, which is explained here after.

Subclause 5.1 of TR 36.888 states that SINR is evaluated with a TU1 path loss model. TUx path loss models have been proposed for modeling the influence of multipath propagation onto GSM radio signals that have a bandwidth of 200kHz and a modulation rate of 270kbps. In the case of ultra narrow band signals, the usual four effects of TU propagation models are mitigated the following ways:
the Doppler effect that shifts the center frequency of a message (about 25Hz at 30km/h): this frequency shift is totally managed by the base station because there is no channelization in C-UNB radio interface. Center frequencies are randomly selected by MSs, therefore a Doppler shift is not seen, in itself, by the base stations
the Doppler effect that creates a frequency drift within a received message : this is the case when the relative speed of a device is not constant. Such drifts are detected and corrected by the signal processing in C-UNB base stations
fast fading, which is critical in GSM, is not an issue for C-UNB, because of the 4ms symbol duration in C-UNB transmission
slow fading (i.e. shadowing), which is due to interference between waves with a long term coherency, is usually overcome with multi-antenna reception. As C-UNB implements cooperative reception and large overlap of base station coverage, at least three different base stations receive each radio packet. Slow fading is, therefore, less critical than in GSM/GPRS system.
When putting all this together, we propose to set the SINR value to 8dB.
Table 7.4.3.1: Maximum Coupling Loss in C-UNB uplink
	Logical channel name
	C-UNB uplink

	Data rate (bps)
	250

	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)
	250

	(6) Effective noise power
= (2) + (3) + (4) + 10 log ((5))  (dBm)
	-147

	(7) Required SINR (dB)
	8

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-139

	(9) Rx processing gain
	1

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







End of Changes
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