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Introduction

At RAN1#95, Co-Band TBS description were uploaded. Positioning signal generation method, positioning signal bandwidth, structure of pseudo-random sequence and positioning signal message structure for Co-Band TBS are proposed in this contribution.
Co-Band TBS 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 1.


Figure 1 The process of Co-Band TBS positioning signal generation

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). 
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Where 
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 is the chip interval of the pseudo-random sequence, the 
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is the cycle time which is same as communication signal’s sub-frame,
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is the pseudo-random sequence chip length and 
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 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).
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Where 
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 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):
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Where 
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 is the power of the Co-Band positioning signal, 
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 is the power of the same-band communication signal, and 
[image: image11.wmf]m

 is the ratio of 
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The fusion signal of Co-Band TBS positioning signal and communication signal could be in accordance with the description of formula (4):
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Where 
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 is the fusion signal, 
[image: image16.wmf](

)

com

st

 is communication signal, 
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 is the Co-Band TBS positioning signal and 
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 is the mobile communication signal subframe length.
The gNodeB Positioning Signal Message Structure and Indoor Distribution System Positioning Signal Message Structure could be different, the gNodeB Positioning Signal Message Structure is detailed descripted in 3.1 and the Indoor Distribution System Positioning Signal Message Structure is detailed descripted in 3.2. 

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.
Co-Band TBS Positioning Signal Bandwidth
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).
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Where 
[image: image20.wmf]W

 is the bandwidth of the Co-Band positioning signal, 
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 is the pulse-shaping roll-off factor.
The center frequency of the Co-Band positioning signal could be in accordance with formula (6).
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Where 
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 is the center frequency of the Co-Band positioning signal, 
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 is the lowest frequency of the communication signal, and 
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 is the highest frequency of the communication.
The Structure of Co-Band TBS Pseudo-Random Sequence

The generation of Co-Band TBS Pseudo-Random Sequence could be based on Weil sequence.
Weil sequence generated by Legendre sequence offset. The definition of Legendre sequence is as Formula (7):
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Where 
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 is Legendre sequence, 
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 is the length of the sequence. The Weil sequence is computed by two Legendre sequence XOR operations, the definition is as follows:
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Where 
[image: image30.wmf]w

 is a parameter and 
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 is the length of Weil sequence which is 10223.
The Co-Band pseudo-random sequence needs to be generated by inserting 7-bit 1001100 into the Weil sequence as described in equation (7). The 1001100 sequence could be inserted before the 
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 position of the Weil sequence. The values of the two parameters 
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 will determine the pseudo-random sequence number in the Co-Band positioning message. The correspondence between the pseudo-random sequence and the 
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 parameters could be consistent with the corresponding relationship between the pseudo-random sequence ID (pseudo-random sequence identification) and the pseudo-random sequence which is shown in Appendix A.
Co-Band TBS Positioning Signal Message Structure
gNodeB Positioning Signal Message Structure
gNodeB Positioning Signal Message includes a positioning message frame whose length is 400 bit, the duration of each bit is 10 milliseconds and the duration of each frame is 4 seconds.

The positioning message frame structure could conform to the description of the positioning message frame structure of Figure 2.
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Figure 2 gNodeB Positioning Signal Message Structure

“Synchronize head” is the starting tag of the frame, length is 16 bit, could be encoded using EB 90.
“gNodeB ID” is the signal transmission gNodeB identification code, length is 18 bits.
 “Longitude” is the signal transmission gNodeB longitude, length is 32 bits. The first bit in the “longitude” section could be the east longitude and west longitude flag. 1 is used to indicate the east longitude and 0 is used to indicate the west longitude. The last 31-bit could be the gNodeB signal transmitting antenna longitude value multiplied by 
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Figure 3 “Longitude” structure
“Latitude” is the signal transmission gNodeB latitude, length is 32 bits. The first bit in the "latitude" section could be the north latitude and south latitude flag. 1 is used to indicate the north latitude and 0 is used to indicate the south latitude. The last 31-bit could be the gNodeB signal transmitting antenna latitude value multiplied by 
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Figure 4 “Latitude” structure
“Altitude of gNodeB” is the altitude of the center of the signal transmitting antenna relative to sea level with an accuracy of 0.1 m, length is 20 bits, indicating a range of -1000.00 meters to 9485.75  meters.
“Integer part of barometer altitude offset” represents the integer part of the offset of the signal transmitting gNodeB barometer altitude relative to the center altitude of the signal transmitting antenna, length is 32 bits. The first bit is flag, 1 indicates that the barometer installation altitude is higher than the signal transmitter antenna center altitude. 0 indicates that the barometer altitude is lower than the signal transmitter antenna center altitude. The last 7 bits represent the integer part of the offset of the barometer altitude from the center altitude of the signal transmitting antenna. The accuracy is 1 meter, expressed in binary, indicating a range of 0 to 63 meters.
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Figure 5 “Integer part of barometer altitude offset” structure

“Barometric altimetry correction information” represents the signal transmission gNodeB barometer pressure and temperature. The first 17 bits represents the air pressure, the accuracy is 0.01 bar. The last 15 bits indicate the temperature, the accuracy is 0.1 degrees.
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Figure 6 “Barometric altimetry correction information” structure
The “Neighbor gNodeB information” section contains the information from 3 gNodeBs which are closest to the signal transmitting gNodeB. The information is 3 pseudo-random sequence IDs and locations of the 3 gNodeBs. Neighbor gNodeB. The gNodeB pseudo-random sequence ID indicates a specific code corresponding to the pseudo-random sequence transmitted by the corresponding gNodeB. The mapping relationship between the pseudo-random sequence ID and the pseudo-random sequence could conform to the mapping relationship in Appendix A. The location of the gNodeB in the “Neighbor gNodeB information” could include the longitude offset, the latitude offset and the latitude offset of the gNodeB relative to the signal transmitting gNodeB, and the frame structure is as shown in Figure 7.
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Figure 7 Neighbor gNodeB pseudo-random sequence IDs and locations frame structure
In the “Neighbor gNodeB information” section, the length of pseudo-random sequence ID of each neighbor gNodeB is 8 bit, and longitude offset is 23 bit, the latitude offset is 23 bit and the altitude offset is 15 bit.
The first bit of “Longitude offset” is the flag. 1 is used to indicate that the corresponding neighbor gNodeB antenna center is on the east side of the signal transmitting gNodeB antenna center. 0 could be used to indicate that the corresponding neighbor gNodeB antenna center is on the west side of the signal transmitting gNodeB antenna center. The last 22 bits indicate the longitude offset of the center of the adjacent gNodeB antenna relative to the signal transmitting gNodeB antenna. The 22nd and 23rd bits of “Longitude offset” are vacancies. 
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Figure 8 “Longitude offset” structure
The longitude offset could be calculated according to formula (9).
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Where 
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 is longitude offset, 
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 is the signal transmission gNodeB antenna center longitude and 
[image: image49.wmf]n

longitude

 is neighbor gNodeB antenna center longitude.
The first bit of “Latitude offset” is the flag. 1 is used to indicate that the corresponding neighbor gNodeB antenna center is on the north side of the signal transmitting gNodeB antenna center. 0 could be used to indicate that the corresponding neighbor gNodeB antenna center is on the south side of the signal transmitting gNodeB antenna center. The last 22 bits indicate the latitude offset of the center of the adjacent gNodeB antenna relative to the signal transmitting gNodeB antenna. The 22nd and 23rd bits of “Latitude offset” are vacancies. 
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Figure 9 “Latitude offset” structure

The latitude offset could be calculated according to formula (10).
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Where  
[image: image52.wmf]D

 is latitude offset, 
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 is the signal transmission gNodeB antenna center latitude and 
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 is neighbor gNodeB antenna center latitude.
The first bit of “Altitude offset” is the flag. 1 is used to indicate that the corresponding neighbor gNodeB antenna center is higher than the signal transmitting gNodeB antenna center. 0 could be used to indicate that the corresponding neighbor gNodeB antenna center is lower than the signal transmitting gNodeB antenna center. The last 14 bits represent the altitude offset of the center of the adjacent gNodeB antenna relative to the signal transmitting gNodeB antenna, indicating a range of 0 to 1638.3 meters.
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Figure 10 “Altitude offset” structure
“Reserved bits” could be filled with 0, and can be changed according to actual needs.
“Fraction part of barometer altitude offset” represents the fraction part of the offset of the barometer altitude from the center altitude of the signal transmitting antenna. The accuracy is 0.01 meter, expressed in binary, and indicating a range of 0 to 1 meters.
“Condition monitoring” indicates the operating status of each part of the signal transmitting gNodeB. The first bit is the air pressure sensor state, with 0 indicating normal and 1 indicating an alarm. The second bit indicates the UTC input status, with 0 indicating normal and 1 indicating an alarm. The third bit indicates the message output status, 0 indicates normal, and 1 indicates an alarm. The 4th bit indicates the working status of the A/B unit, 0 means normal and 1 means alarm. The fifth bit indicates the active/standby power supply status, 0 indicates normal, and 1 indicates an alarm. The 6th indicates the A/B board operation indication, 0 indicates the A board operation, and 1 indicates the B board operation. The 8th bit is 0.
“Cyclic Redundancy Check Code” could use the CRC-CCITT standard to verify the first 48 bits of the frame. 
Indoor Distribution System Positioning Signal Message Structure
Indoor distribution system positioning signal message includes a positioning message frame whose length is 133 bits, the duration of each bit is 25 milliseconds and the duration of each frame is 3.325 seconds.

Indoor Distribution System Positioning Signal Message Structure is shown in Figure 11.

[image: image56]
Figure 11 Indoor Distribution System Positioning Signal Message Structure

“Synchronize head” is the starting tag of the frame and could be encoded in hexadecimal B409.

“Antenna Center Longitude” indicates the longitude of the Co-Band positioning signal transmitting antenna center. The first bit is the east longitude and west longitude flag, 1 means east longitude, 0 means west longitude. 2nd to 9th bits are longitude integer parts, expressed in binary, ranging from 00000000 to 10110100, corresponding to 0 degrees to 180 degrees. The 10th to the 30th are the longitude fraction part, and the precision is 
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  degree, which is expressed in binary. For example, East longitude 116.943278 could be encoded as 1011 1010 0111 1000 1011 1101 0101 01.

[image: image58]
Figure 12 “Antenna Center Longitude” structure
“Antenna Center Latitude” indicates the latitude of the Co-Band positioning signal transmitting antenna center. The first bit is the east latitude and west latitude flag, 1 means east latitude, 0 means west latitude. 2nd to 9th bits are latitude integer parts, expressed in binary, ranging from 00000000 to 10110100, corresponding to 0 degrees to 180 degrees. The 10th to the 30th are the latitude fraction part, and the precision is  
[image: image59.wmf]21

1

2

 degree, which is expressed in binary.
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Figure 13 “Antenna Center Latitude” structure
“Antenna Center Altitude” indicates the altitude of the Co-Band positioning signal transmitting antenna center with an accuracy of 0.01 m, length is 20 bits, indicating a range of -1000.00 meters to 9485.75  meters.
“Compensation Value” is the sum of the ranging error caused by the signal transmission in the cable and the ranging error caused by the clock difference between the co-band Indoor Distribution System and the gNodeB, equals the distance from the indoor distribution system signal generating module to the signal transmitting antenna center. It is expressed in binary with an accuracy of 0.1 m, indicating the range is 0 meters to 819.1 meters.
 “Floor” indicates the floor where the Co-Band positioning signal transmitting antenna is located, and the range is from 0x00 to 0xFF, corresponding to -50 to 205 layers.
“Cyclic Redundancy Check Code” could use the CRC-CCITT standard to verify the first 48 bits of the frame.
Conclusion
In this proposal, Co-Band TBS signal transmit configuration is assigned:

· A Co-Band TBS positioning signal generation method;
· An option of Co-Band TBS positioning signal bandwidth;
· A structure of Co-Band TBS pseudo-random sequence;
And Co-Band TBS positioning signal message structure is assigned:

· A gNodeB positioning signal message structure;
· An indoor distribution system positioning signal message structure.
Parameters configuration in Appendix A could be used to generate the Co-Band TBS positioning signal in a 5G communication network.
Proposal 1:
The Co-Band TBS system described in this submission could be used as a dependent positioning system for high-precision positioning in 5G communication systems.
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Appendix A
The mapping relationship between the pseudo-random sequence ID and the pseudo-random sequence: Different pseudo-random sequence ID correspond to 
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 and 
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 parameters in the process of generating different Co-Band pseudo-random sequences. The correspondence is shown in Table A.
Table A Pseudo-random sequence ID and w, p parameter correspondence table
	Pseudo-random sequence ID(binary)
	Parameter 
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	Parameter 
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	00000001
	5097
	181

	00000010
	5110
	359

	00000011
	5079
	72

	00000100
	4403
	1110

	00000101
	4121
	1480

	00000110
	5043
	5034

	00000111
	5042
	4622

	00001000
	5104
	1

	00001001
	4940
	4547

	00001010
	5035
	826

	00001011
	4372
	6284

	00001100
	5064
	4195

	00001101
	5084
	368

	00001110
	5048
	1

	00001111
	4950
	4796

	00010000
	5019
	523

	00010001
	5076
	151

	00010010
	3736
	713

	00010011
	4993
	9850

	00010100
	5060
	5734

	00010101
	5061
	34

	00010110
	5096
	6142

	00010111
	4983
	190

	00011000
	4783
	644

	00011001
	4991
	467

	00011010
	4815
	5384

	00011011
	4443
	801

	00011100
	4769
	594

	00011101
	4879
	4450

	00011110
	4894
	9437

	00011111
	4985
	4307

	00100000
	5056
	5906

	00100001
	4921
	378

	00100010
	5036
	9448

	00100011
	4812
	9432

	00100100
	4838
	5849

	00100101
	4855
	5547

	00100110
	4904
	9546

	00100111
	4753
	9132

	00101000
	4483
	403

	00101001
	4942
	3766

	00101010
	4813
	3

	00101011
	4957
	684

	00101100
	4618
	9711

	00101101
	4669
	333

	00101110
	4969
	6124

	00101111
	5031
	10216

	00110000
	5038
	4251

	00110001
	4740
	9893

	00110010
	4073
	9884

	00110011
	4843
	4627

	00110100
	4979
	4449

	00110101
	4867
	9798

	00110110
	4964
	985

	00110111
	5025
	4272

	00111000
	4579
	126

	00111001
	4390
	10024

	00111010
	4763
	434

	00111011
	4612
	1029

	00111100
	4784
	561

	00111101
	3716
	289

	00111110
	4703
	638

	00111111
	4851
	4353
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