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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.
It’s a revision of pCR GP-150999.




Proposed text for the TR

Start of Changes

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 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. 

The beacon channel is rated at 8 000bps

Modulation
The proposed modulation for C-UNB downlink transmission is D-BPSK. 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 in downlink
This subclause is FFS.
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 7.4.2-1) 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 7.4.2-1: Relationship between frequencies in UL and DL

Pulse shaping and spectrum mask
This subclause is FFS.

Error correction code
Each MAC-PDU is protected by an Error Correction Code (ECC) of 32 bits.

Uplink physical layer design
Bit rate
The uplink bit rate is set to 250bps.

Modulation
The proposed modulation for C-UNB downlink transmission is D-BPSK. 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.
Its value is FFS.

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 base station.

Pulse shaping and spectrum mask
This subclause is FFS.

Error correction code (ECC)
A 16 bit Reed-Solomon ECC protects each MAC-PDU in uplink.



End of Changes
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