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Introduction

At RAN1#94-bis, the scenarios and technology of Co-Band TBS were uploaded [1]. The detailed description for Co-Band TBS are proposed in this contribution.
Overview of Co-Band TBS 

This document describes the Co-Band TBS system, an instantiation of the Terrestrial Beacon System.  Co-Band positioning technology refers to superposing positioning signal onto communication signal with a power lower than the acceptable noise power of the communication system. Cells broadcasts communication DL signal and positioning signal at same time. The positioning signal, called Co-Band positioning signal, coexists with communication signal in same frequency band but does not interfere with communication.
When UE receives and demodulates communication signal, the positioning signal can be filtered out as noise.

The positioning signal is the pseudo random noise (PRN) code, whose modulation is the direct-sequence spread spectrum code division multiple access (DSSS-CDMA). The spread spectrum gain of the positioning signal is generally higher than that of communication signal. Therefore, UE can also receive the positioning signal with lower power while receiving communication signal.

Figure 1 is a schematic diagram of Co-Band positioning signal resource mapping over communication signal. 

The Co-Band positioning technology enables the positioning signal to be broadcast in most communication downlink subframes, which greatly prolongs the broadcast time of the positioning signal. Therefore, UE can receive the positioning signal for a long time to wake up the long-term coherent integration.
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Figure 1: resource mapping schematic diagram of Co-Band signal
Using Co-Band positioning technology, NR communication transmitters could broadcasts positioning signal while broadcasting communication signal. The network consisting of these transmitters is Co-Band TBS.

Co-Band TBS System Features

Co-Band TBS provides a high accuracy, reliable, robust, continuous 3D positioning system indoors and in urban canyons, where GNSS solutions are degraded or denied. 
Co-Band positioning signal is superposed onto communication signal by the same frequency multiplexing method, and does not occupy the frequency resource.
The lower transmit power makes the Co-Band positioning signal submerged under noise without interfering communication. 
Co-Band TBS uses the base station and indoor distribution system of the communication, and does not require independent positioning base station.
Co-Band TBS Structure
The Co-Band TBS includes communication base stations and indoor distribution systems which broadcasts Co-Band positioning signal, and user equipment that receives the Co-Band positioning signal. The Co-Band positioning high level architecture is shown in Figure 2.
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Figure 2: Structure of Co-Band TBS
Various components in Figure 2 are described below:
Base station: A base station refers to a communication base station that integrates a Co-Band positioning signal generator. The base station broadcasts Co-Band positioning signal while broadcasting communication downlink signal.
Indoor Distribution System: Indoor distribution system refers to the communication indoor distribution system integrated with the Co-Band positioning signal generator. Indoor distribution system realizes frequency synchronization by continuously receiving Co-Band positioning signal sent by a line-of-sight base station. Indoor distribution system broadcasts Co-Band positioning signal while broadcasting communication downlink signal.
User Equipment: Co-Band positioning signal receiver. User equipment demodulates Co-Band positioning signal and then obtains TDOA.
Co-Band Positioning Signal Structure
Co-Band Positioning Signal Generation
The co-band positioning signal is generated from a pseudo random sequence and BPSK spreading.
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Figure 3: Co-Band Positioning Signal Generation
The pseudo random sequence is generated based on Weil sequence. There are several options for the length of a pseudo random sequence, such as: 511, 8191, 10230, etc. For example, the chipping rate of 10230 is 10230⁄m chips/sec, where m is period of pseudo random sequence.
Signal Spectral Characteristic

In order to adapt to different bandwidth requirements, the bandwidth change can be realized by changing the pseudo random sequence length. When the pseudo-random sequence length is 10230, the positioning signal RF bandwidth is 10230/m Hz.
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Figure 4: Positioning signal spectrogram
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Figure 5: Communication signal spectrogram
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Figure 6: Superposition signal spectrogram
Signal Temporal Characteristics

The pseudo-random sequence period can be 1ms identical to the communication signal subframe. In this configuration, the Co-Band positioning signal is broadcast only when all time slots included in the communication signal subframe are downlink slots within the positioning signal bandwidth.

In order to improve the flexibility of the Co-Band positioning signal broadcast, the pseudo-random sequence period m can also be configured as other value, for example, the same length as the communication signal slot. The Co-Band positioning signal bandwidth would also change accordingly.
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Figure 7 Positioning signal transmission duration
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Figure 8 Communication signal transmission duration
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Figure 9: Superposition signal transmission duration
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