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1 Introduction
Accurate location information is becoming increasingly important for many 5G service applications. In order to meet the positioning accuracy requirements, some potential high-accurate positioning techniques should be studied. 
According to RP-181399 [1], potential solutions of positioning technology could be studied in Rel-16 NR positioning. To effectively improve NR positioning ability, we believe a potential positioning technology, we called Co-band TBS, should be studied. Introduction of Co-band TBS technology is described in this contribution.
2 Review of Co-band TBS
Co-band Terrestrial Beacon System (Co-band TBS) consists of a network of ground-based transmitters using Co-band positioning technology.
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. The positioning signal, called Co-band positioning signal, coexists with communication signal in same frequency band but does not interfere with communication. Figure 1 is a schematic diagram of the process of superposing Co-band positioning signal and communication signal and Figure 2 is resource mapping schematic diagram of Co-band signal.
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Figure 1: Schematic diagram of superposing process
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Figure 2: resource mapping schematic diagram of Co-band signal
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.
Different transmitter uses different PRN code. Thanks to the orthogonality of PRN codes, the received signal from different transmitters can be easily separated. After the communication signal is filtered out, UE gets TDOA by tracking positioning signals. UE can continuously track positioning signal and achieve high-accurate positioning.
Using Co-band positioning technology, communication transmitters could broadcast positioning signal while broadcasting communication signal. The network consisting of these transmitters is a Co-band TBS.
Co-band positioning technology has been successfully applied in CMMB (China Mobile Multimedia Broadcasting).
3 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 with negligible interfering communication. 
Co-band TBS uses the gNodeB and indoor distribution system of the communication, and does not require independent positioning gNodeB.
4 Scenario of Co-band TBS in NR
Co-band TBS does not fully comply with 3GPP’s definition of TBS. According to the description of TBS in TS 36.305 [2], “A Terrestrial Beacon System (TBS) consists of a network of ground-based transmitters, broadcasting signals only for positioning purposes”. Co-band TBS doesn’t have independent transmitters. Co-band TBS positioning signal generator is integrated in the communication transmitter, it reuses communication transmitter’s power, RF, frequency band and clock (Co-band TBS could use independent clock synchronization system if communication transmitter’s clock accuracy is not met requirement of Co-band TBS).
NR based Co-band TBS can be built by integrating Co-band positioning signal generator in the gNodeB as show in Figure 3. In Figure 3, RF controls Co-band positioning signal power so that its power is much lower than communication signal power.
[image: ]
Figure 3: Schematic diagram of Co-band positioning signal generator integrated in gNodeB
NR based Co-band TBS can work in NR radio signal frequency band. Co-band positioning signal can occupy bandwidth of multiple subcarriers with a bandwidth from 10MHz to 40MHz. The Co-band positioning signal bandwidth is determined by the spreading code period. NR based Co-band TBS transmitter could broadcast multiple positioning signals at different frequencies to improve system robustness and positioning accuracy. Figure 4 (a) is a schematic diagram of NR based Co-band positioning signal frequency spectrum. Figure 4 (b) is a schematic diagram of the relationship between the power ratio of communication signal to positioning signal, X, and the bit error rate of the communication signal. Figure 4 (c) is a schematic diagram of the relationship between the positioning signal bandwidth, Y, and the ranging accuracy under the ideal channel and ideal time synchronization conditions.
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Figure 4: NR based Co-band positioning signal frequency spectrum diagram
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Also, there may be a further technical solution, Co-band positioning signal may be broadcast by UE in uplink signal. The special receiver is integrated on gNodeB and receives the positioning signal from UE. Three or more special receivers demodulate positioning signal to obtain signal arrival time difference, and then TDOA is used to achieve positioning. Similar to downlink signal based Co-band positioning scheme, a schematic diagram of a possible uplink based Co-band positioning signal frequency spectrum is shown in Figure 5.
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Figure 5: Uplink Co-Band positioning signal frequency spectrum diagram
5 Co-band TBS Structure
The Co-band TBS includes communication gNodeB 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 6.
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Figure 6: Structure of Co-band TBS
Various components in Figure 6 are described below:
gNodeB: A gNodeB refers to a communication base station that integrates a Co-band positioning signal generator. The gNodeB 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. The vertical positioning results are also given by the UE’s barometer.
6 Co-band Positioning Signal Structure
6.1 Co-band Positioning Signal Generation
Co-band TBS uses direct sequence spread spectrum technology, the positioning signal is obtained by Mod 2 Plus the positioning message and pseudo random sequence. The process of Co-band TBS positioning signal generation is showed at Figure 7.
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[bookmark: _Ref294745156][bookmark: _Toc418004462][bookmark: _Toc418004538]Figure 7: 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.
It is recommended to generate the pseudo-random sequence of Co-band TBS positioning signal by weil sequence. The symbol interval of the pseudo-random sequence could be in accordance with the formula (1). 

	 	




Where  is the chip interval of the pseudo-random sequence, the is the cycle time which is same as communication signal’s sub-frame,is the pseudo-random sequence chip length and  represents the number of pseudo-random sequence loops within a sub-frame .
The pseudo-random sequence chip rate could be as described in equation (2).

	 	

Where  is the chip rate.
The duration of every positioning message bit could be same as mobile communication signal subframe length.
The steps of Co-band TBS positioning signal generation is as follows:
1. Generate the positioning message which matches the positioning message standard defined in Chapter 3 and generate the pseudo-random sequence.
2. Mod 2 plus the pseudo-random sequence and positioning message using direct sequence spread spectrum technology.
3. Pulse-shaping filtering of the generated spread spectrum sequence.
4. Digital-to-analog convert the signal after pulse-shaping filtering.
5. Modulating to carrier frequency by BPSK.
6. Power amplification output Co-band TBS positioning signal.
The power of the Co-band positioning signal could be lower than the power of the same-band communication signal broadcast by the same antenna, and the relationship could be in accordance with the description of formula (3):

	 	









Where  is the power of the Co-Band positioning signal,  is the power of the same-band communication signal, and  is the ratio of  to .  is the biggest ratio of  to , it varies according to receiver performance and receiving algorithm, and is recommended to be greater than .

When , the symbol error rate of the 16QAM communication system with positioning signal and the 16QAM communication system without positioning signal in different SNR is showed in Figure 8.
[image: ]
Figure 8: Symbol error rate comparison
The figure shows that Co-band positioning signal brings negligible interference to communication.
The fusion signal of Co-band TBS positioning signal and communication signal could be in accordance with the description of formula (4):

	 	




Where  is the fusion signal,  is communication signal,  is the Co-band TBS positioning signal and  is the mobile communication signal subframe length.
The Co-band positioning signal could be broadcast only in the downlink subframe of the mobile communication and in the uplink subframe, the Co-band positioning signal is not broadcast, but the generation of the Co-band positioning message information could not stop in the uplink subframe or the special subframe.
6.2 Signal Spectral Characteristic
In order to adapt to different bandwidth requirements, the bandwidth change can be realized by changing the pseudo random sequence length. The bandwidth of the Co-band positioning signal could be limited to the bandwidth of the mobile communication signal. The bandwidth of the Co-band positioning signal could be as described in equation (5).

	 	


Where  is the bandwidth of the Co-band positioning signal,  is the pulse-shaping roll-off factor.
The center frequency of the Co-band positioning signal could be in accordance with formula (6).

	 	



Where  is the center frequency of the Co-band positioning signal,  is the lowest frequency of the communication signal, and  is the highest frequency of the communication.
[bookmark: _GoBack]7 conclusion
In NR based Co-band positioning TBS, Co-band positioning signal could work in a large bandwidth and the system could realize continuous tracking of positioning signals. 
NR should consider Co-band TBS as a solution for 5G NR positioning.
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