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At RAN1#80bis, the scenarios and methodology for evaluating the performance of Terrestrial Beacon Systems (TBS) were agreed [6]. Two sets of TBS parameters were included: TBS option #1 and TBS option #2, with configuration parameters for TBS option #2 FFS. The detailed description and configuration parameters for TBS option #2 are proposed in this contribution. 

Overview of MBS 

This document describes the Metropolitan Beacon System (MBS) system, an instantiation of the Terrestrial Beacon System.  Generally, Terrestrial Beacon Systems (TBS) consist of a network of ground-based beacons broadcasting signals for positioning purposes. As a subset of TBS, MBS is a planned network, designed to facilitate three dimensional UE positioning in areas where in-orbit satellite based systems are most challenged, such as indoors, or in dense urban environments and extends UE positioning capabilities in these environments.  

MBS System Features

MBS provides a high precision, reliable, consistent positioning system indoors and in urban canyons, where GNSS solutions are degraded or denied. 

In addition to the high 2-D accuracy, the MBS system architecture also provides for high resolution and accuracy in the vertical dimension, with the aid of embedded sensors. 

MBS technology provides a very fast time to first fix (TTFF) including under cold start conditions. 

Similar to GNSS, MBS technology allows computation of the location on the device without any network dependence, thus enabling a wide variety of standalone applications. 

A summary of the MBS system is provided in this submission. For a complete description of the MBS system, the reader is referred to [4]. 

High Level Architecture
The high level system architecture is shown in Figure 1.
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Figure 1: MBS System Architecture

MBS beacons are an overlay network used to cover a metropolitan area. Various components in Figure 1 are described below:

Beacon: The beacons in this figure denote the MBS beacons broadcasting the MBS signal. The beacons may be housed on roof tops or towers (typically pre-existing cell/broadcast sites), or in any other location deemed appropriate by the operator of the MBS network.

Cell Phone (UE): An example device that needs location information is shown as a cell phone under GNSS-challenged conditions such as urban canyons and indoors where GNSS signals from satellites may not be received reliably or may provide poor performance. The cell phones shown in the figure would be capable of receiving and processing MBS signals. Note that any device equipped to process MBS signals would work under these scenarios. A data or a voice connection is NOT required for a device to compute its location using the MBS technology.

Location Server: In certain applications, it may be useful for a centralized server to compute the location with information it receives from the mobile because of the additional information that may be available to the server device at the time of location determination.  

GPS Satellite: Shown for illustrative purposes that it is blocked by buildings in an urban canyon.

The MBS network can operate standalone or in conjunction with another network, such as a cellular network in the computation and delivery of UE position location. The MBS network can support various modes of operation including network-based or UE-based, in the form of standalone or, optionally, with network assistance. 

With minimal augmentation to its signalling protocols, the 3GPP cellular network can be leveraged in arriving at the MBS solution. For example the 3GPP network can be used to communicate network assistance information to the UE, for use in the search for MBS measurements, and in the communication of MBS measurements and UE-based position information to the core network and the PSAP. Also, the existing 3GPP Location Server entity (e.g. SMLC/SAS/E-SMLC) can be leveraged in computation of the UE location. 

This approach is consistent with 3GPP positioning protocols and architecture, such as described in [5] for the LTE network and summarized in Figure 2. Note that, to enable position location such as based on GNSS signals, an underlying “Assistance Server” is assumed that provides assistance-related content to the “Location Server”, facilitating the communication of “Assistance Data” to the “Target Device” as shown in Figure 2. The addition of the MBS network to this architecture is reflected in Figure 3. 

The impact on signalling protocols from the integration of the MBS network with the 3GPP cellular network is detailed in Figure 4 for the GSM and UMTS networks and Figure 5 for the LTE network. 
For the assisted mode
, MBS assistance can be provided to an UE with MBS capability as shown in steps 4 and 5 of the signalling protocol and used in deriving MBS measurements as shown in step 7. Steps 8 and 9 (9a, 9b) and 10 reflect position and/or measurements from the MBS network, encoded as TBS of MBS type being delivered to the network and the PSAP.
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Figure 2: LTE positioning architecture
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Figure 3: LTE positioning inclusive of the MBS network
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Figure 4: MBS Impact on 3GPP Signalling (GSM and UMTS)
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Figure 5: MBS Impact on 3GPP Signalling and Protocols (LTE)

MBS Signal Structure
MBS Signal Generation
The MBS signal is generated from a PN sequence and BPSK spreading.  The chipping rate is [image: image7.png]1.023 m/2



 Mchips/sec, where m is an integer greater than or equal to 2, and the length of the PN sequence is [image: image9.png]1024 n—1



, where n is an integer greater than or equal to 1.
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Figure 6: MBS Signal Generation

The combination of (m, n) parameters is referred to as the MBS mode of operation.

The PN Code Generator is used for the generation of the signal. A timing view of the signal at the output of the XOR gate in Figure 6 is shown in Figure 7.
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Figure 7: Timing View of XOR’d data

The spread MBS signal is BPSK modulated, and pulse-shaped as required to meet regulatory rules, including out of band emissions. The Pulse Shaping block may be implemented using the filter taps shown in Appendix A. 

The MBS signal is optionally rotated by a frequency offset and up-converted to the desired centre carrier frequency for over the air transmission. 

MBS Signal Spectral Characteristics

The transmit spectrum has the following characteristics: 

	Parameter
	Value

	TX transmission type
	Spread spectrum transmission using BPSK modulation

	RF BW
	[image: image13.png]1.023m



  MHz, where m > 2 (assuming filter taps in Appendix A)


MBS Signal Temporal Characteristics
The MBS architecture uses an access scheme where each beacon transmits its signal for a specified duration within each transmission period. An example of a transmission sequence is shown in Figure 8.

 

Figure 8: MBS temporal characteristics

Each transmission period in a MBS network is (T seconds long, where (T is an integer greater than or equal to 1. A transmission period consists of 10*(T slots that may be used for continuous transmission by the beacon allocated to that slot, as shown in Figure 8.

When Ranging is enabled, as shown in Figure 6, the MBS signal transmitted by a particular beacon is generated from the Ranging sequence spread by the PRN code allocated to that beacon for that slot, BPSK modulated. Note that to aid in acquisition, as described in [4], a short preamble may be transmitted at the beginning of each slot, spread using a PRN code that is common across all MBS beacons, prior to the transmission of the signal spread with the PRN code allocated to the particular beacon. 

Frequency Bands of Operation

Frequency bands that may be used for MBS operation are listed in Table 1.

Table 1: Frequency bands of operation of MBS

	Region/Country
	Name
	Band
	Comments

	USA
	M-LMS
	919.75-927.25MHz
	See FCC Part 90 sub-part M regulations [2]

	most of Region 2
	ISM 915
	902-928 MHz
	Region/country specific; for USA, see FCC Part 15 regulations [3]


The transmit centre frequency may be in any supported band. The range of values of the centre frequency for a particular MBS deployment depends on the size of the available frequency band and the bandwidth of that particular MBS implementation. That is, if a frequency band spans from Bmin to Bmax MHz, and if the bandwidth of a particular MBS implementation is W MHz, then the centre frequency may be anywhere in the range Bmin+W/2  to Bmax-W/2, with 1 KHz resolution.

MBS Evaluation Options

A MBS network is assigned:

· One (or multiple) modes of operation

· A carrier frequency for a given mode of operation

· A transmission period, (T 

In addition, individual beacons in a MBS network are assigned:

· A PRN code for a given mode of operation

· One (or multiple) slots in a transmission period for a given mode of operation

· Optionally, a frequency offset relative to the carrier frequency for a given mode of operation

These parameters are used to generate the MBS signal of beacons for the time slots individually assigned. 

Table 2 captures various options for MBS network and beacon parameter configurations that are proposed for evaluation of MBS in RAN1. In a deployed MBS network, note combinations of such options may be used, assigned by means of “profiles” as described in [4].

Table 2: MBS Evaluation Options

	MBS Option
	Mode of operation
	(T 

(sec)
	Frequency Offset (Hz)
	Set of PRN codes
	Slot allocation

	Option 1
	m=2, n=1 

(2MHz)
	2
	0


	Allocated sequentially from the set of codes in Table 3.
	According to the beacon number, modulo 10*(T.

	Option 2
	m=5, n=2 

(5MHz)


	2
	0
	Allocated sequentially from the set of codes in Table 4.
	According to the beacon number, modulo 10*(T.

	Option 3
	m=10, n=4 (10MHz)
	2
	0
	Allocated sequentially from the set of codes in Table 5.
	According to the beacon number, modulo 10*(T.


For MBS simulations in RAN1, based on the agreement in [6], a carrier frequency of 2 GHz is used for baseline simulations, along with the 923 MHz carrier frequency also captured in the agreement in [6], as appropriate for the MBS bands of operation. Ranging is enabled, the Ranging sequences are all zeros, and the preamble length is zero.

Proposal 1:
The MBS system described in this submission, with the configuration parameters and simulation assumptions summarized in Table 2 should be used for evaluating the performance of TBS Option #2 agreed in [6].

Other MBS System Aspects

Other important aspects of MBS are beacon timing synchronization and the placement and surveying of TX antenna and other components. 

In the NextNav MBS implementation, the TX timing error has been measured to be generally within 5ns RMS, as shown in the example in Figure 9 capturing the timing errors of various beacons deployed in a geographical area. To achieve such levels of synchronization, high precision clocks are used, that are additionally disciplined by GPS signals. Mitigation techniques are leveraged to deal with impairments including GPS jitter and multipath, achieve cable delay profiling and compensate for equipment variation over time, temperature and across components. 

The latitude, longitude and altitude of beacons are surveyed with high precision, generally to an accuracy of within 50cm at the TX antenna in horizontal and vertical dimensions. The placement of the TX antenna and other elements including the GPS antenna are targeted at minimizing multipath.   
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Figure 9: MBS TX synchronization error
Appendix A: Transmit Filter Taps (at 4 samples per chip)
	Idx
	Filter Tap
	Idx
	Filter Tap
	Idx
	Filter Tap

	1
	-0.000000176795813
	27
	-0.005032525589647
	53
	0.003688476821592

	2
	-0.000105400894759
	28
	0.000578496047144
	54
	0.000225006980155

	3
	-0.000506510439665
	29
	0.007274083361462
	55
	-0.002820151710350

	4
	0.000017926535619
	30
	-0.001071930604566
	56
	-0.000154303305525

	5
	0.000622069897515
	31
	-0.011446509363444
	57
	0.002225666433076

	6
	-0.000020943705042
	32
	0.002346672474270
	58
	0.000110028727138

	7
	-0.000702490451183
	33
	0.020665533546919
	59
	-0.001801760932846

	8
	0.000025153457115
	34
	-0.006945246406238
	60
	-0.000081556225106

	9
	0.000799260255750
	35
	-0.048569967588775
	61
	0.001488005612170

	10
	-0.000030877723955
	36
	0.046724283110992
	62
	0.000061814962858

	11
	-0.000917876978677
	37
	0.379367282666764
	63
	-0.001250042945255

	12
	0.000038128166689
	38
	0.802942566327759
	64
	-0.000048246760490

	13
	0.001064594329818
	39
	1.000000000000000
	65
	0.001064594329818

	14
	-0.000048246760490
	40
	0.802942566327759
	66
	0.000038128166689

	15
	-0.001250042945255
	41
	0.379367282666764
	67
	-0.000917876978677

	16
	0.000061814962858
	42
	0.046724283110992
	68
	-0.000030877723955

	17
	0.001488005612170
	43
	-0.048569967588775
	69
	0.000799260255750

	18
	-0.000081556225106
	44
	-0.006945246406238
	70
	0.000025153457115

	19
	-0.001801760932846
	45
	0.020665533546919
	71
	-0.000702490451183

	20
	0.000110028727138
	46
	0.002346672474270
	72
	-0.000020943705042

	21
	0.002225666433076
	47
	-0.011446509363444
	73
	0.000622069897515

	22
	-0.000154303305525
	48
	-0.001071930604566
	74
	0.000017926535619

	23
	-0.002820151710350
	49
	0.007274083361462
	75
	-0.000506510439665

	24
	0.000225006980155
	50
	0.000578496047144
	76
	-0.000105400894759

	25
	0.003688476821592
	51
	-0.005032525589647
	77
	-0.000000176795813

	26
	-0.000347859335185
	52
	-0.000347859335185
	
	


Appendix B: PN Codes that may be used by MBS, for PN code length 1023

In general, any family of PN codes may be used for MBS. For example, the GPS family of Gold Codes may be used, as shown in Table 3 below. Note that the G2 delay and G2 code initial state in Table 3 are specified in the same way as in the GPS interface specification IS-GPS-200 Revision E [1].

Table 3: Optional PN Codes used by MBS, based on GPS family of Gold Codes

	Index
	G2 Delay
	G2 Initial State (Octal)
	Index
	G2 Delay
	G2 Initial State (Octal)
	Index
	G2 Delay
	G2 Initial State (Octal)

	1
	12
	201
	27
	150
	1362
	53
	407
	1054

	2
	15
	1220
	28
	157
	1505
	54
	422
	263

	3
	16
	1510
	29
	211
	1560
	55
	438
	277

	4
	21
	232
	30
	225
	103
	56
	445
	471

	5
	22
	1115
	31
	230
	1702
	57
	446
	1234

	6
	29
	1174
	32
	235
	1076
	58
	456
	1653

	7
	30
	476
	33
	237
	1617
	59
	461
	435

	8
	34
	1523
	34
	238
	1707
	60
	462
	216

	9
	37
	1552
	35
	248
	735
	61
	463
	107

	10
	48
	1563
	36
	289
	1641
	62
	465
	421

	11
	52
	267
	37
	291
	1750
	63
	467
	1104

	12
	56
	213
	38
	292
	764
	64
	476
	1003

	13
	68
	1007
	39
	298
	667
	65
	482
	610

	14
	72
	1740
	40
	326
	1010
	66
	484
	142

	15
	76
	376
	41
	327
	404
	67
	499
	1411

	16
	79
	1637
	42
	333
	1004
	68
	500
	604

	17
	83
	171
	43
	357
	1070
	69
	503
	1460

	18
	85
	1436
	44
	358
	434
	70
	525
	72

	19
	87
	307
	45
	359
	1216
	71
	530
	641

	20
	122
	1016
	46
	365
	1572
	72
	536
	746

	21
	126
	140
	47
	373
	663
	73
	537
	1363

	22
	127
	1060
	48
	386
	450
	74
	539
	1674

	23
	130
	706
	49
	389
	1445
	75
	540
	736

	24
	135
	1156
	50
	395
	1654
	76
	556
	1330

	25
	144
	215
	51
	399
	272
	77
	567
	327

	26
	145
	1106
	52
	405
	262
	78
	568
	1153

	79
	580
	632
	101
	816
	332
	123
	959
	1562

	80
	586
	606
	102
	818
	66
	124
	960
	1671

	81
	595
	740
	103
	819
	1033
	125
	1012
	551

	82
	602
	1663
	104
	836
	1277
	126
	1015
	1455

	83
	603
	1731
	105
	837
	537
	127
	1018
	1745

	84
	607
	375
	106
	846
	242
	128
	1021
	1774

	85
	657
	717
	107
	849
	1024
	
	
	

	86
	663
	727
	108
	851
	205
	
	
	

	87
	711
	1747
	109
	853
	1041
	
	
	

	88
	712
	1763
	110
	870
	1310
	
	
	

	89
	714
	374
	111
	877
	455
	
	
	

	90
	732
	25
	112
	879
	1113
	
	
	

	91
	740
	1230
	113
	883
	1644
	
	
	

	92
	761
	521
	114
	885
	1751
	
	
	

	93
	762
	1250
	115
	886
	1764
	
	
	

	94
	771
	45
	116
	891
	1737
	
	
	

	95
	780
	1160
	117
	894
	573
	
	
	

	96
	792
	256
	118
	900
	1045
	
	
	

	97
	797
	305
	119
	911
	436
	
	
	

	98
	798
	1142
	120
	926
	1323
	
	
	

	99
	814
	1550
	121
	953
	206
	
	
	

	100
	815
	664
	122
	955
	1441
	
	
	


The ‘G2 delay’ referred to in the table above is the delay of the G2 code used in the standard GPS PN Code generation of length 1023. In pseudocode: 

y1 = standard_gps_m_sequence1_G1; 

y2 = standard_gps_m_sequence2_G2; 

     PN_code = xor(y1, circular_shift(y2,delay));

Appendix C: Alternate PN Codes that may be used by MBS, for PN code length 2047

An alternate list of PN codes for MBS is shown in Table 4, and consists of maximal length sequences. The table contains the LFSR (Linear Feedback Shift Register) polynomial taps required for code generation. For all polynomials shown in Table 4, the least significant bit is the rightmost bit as described in the text of Figure 10. 

The initial state is the same for all PRNs, and in octal form is 3777. Generation of these codes is done using an LFSR as shown in Figure 10, with N=11.

Table 4: Alternate optional PN Codes used by MBS, based on maximal length sequences of length 2047

	Index
	PN Code Polynomial (octal)
	Index
	PN Code Polynomial (octal)
	Index
	PN Code Polynomial (octal)

	1
	4005
	44
	5253
	87
	6501

	2
	4027
	45
	5263
	88
	6507

	3
	4053
	46
	5265
	89
	6557

	4
	4055
	47
	5337
	90
	6561

	5
	4107
	48
	5357
	91
	6637

	6
	4143
	49
	5403
	92
	6673

	7
	4145
	50
	5411
	93
	6675

	8
	4173
	51
	5421
	94
	6727

	9
	4215
	52
	5463
	95
	6733

	10
	4237
	53
	5477
	96
	6741

	11
	4251
	54
	5501
	97
	6747

	12
	4261
	55
	5513
	98
	6765

	13
	4317
	56
	5531
	99
	7005

	14
	4341
	57
	5545
	100
	7035

	15
	4347
	58
	5557
	101
	7041

	16
	4353
	59
	5575
	102
	7047

	17
	4415
	60
	5607
	103
	7053

	18
	4451
	61
	5613
	104
	7071

	19
	4473
	62
	5623
	105
	7107

	20
	4475
	63
	5625
	106
	7113

	21
	4505
	64
	5657
	107
	7125

	22
	4511
	65
	5675
	108
	7161

	23
	4521
	66
	5733
	109
	7175

	24
	4563
	67
	5735
	110
	7201

	25
	4565
	68
	5747
	111
	7223

	26
	4577
	69
	5755
	112
	7243

	27
	4603
	70
	6013
	113
	7273

	28
	4617
	71
	6015
	114
	7335

	29
	4653
	72
	6037
	115
	7431

	30
	4671
	73
	6127
	116
	7461

	31
	4707
	74
	6141
	117
	7467

	32
	4731
	75
	6153
	118
	7555

	33
	4767
	76
	6205
	119
	7565

	34
	5001
	77
	6211
	120
	7603

	35
	5007
	78
	6263
	121
	7621

	36
	5025
	79
	6277
	122
	7627

	37
	5051
	80
	6315
	123
	7633

	38
	5141
	81
	6323
	124
	7647

	39
	5155
	82
	6325
	125
	7655

	40
	5177
	83
	6351
	126
	7665

	41
	5205
	84
	6367
	127
	7715

	42
	5221
	85
	6447
	128
	7751

	43
	5247
	86
	6455
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Figure 10: LFSR for code generation of maximal length sequences

Appendix D: Alternate PN Codes that may be used by MBS, for PN code length 8191

An alternate list of PN codes for MBS is shown in Table 5, and consists of maximal length sequences. The table contains the LFSR (Linear Feedback Shift Register) polynomial taps required for code generation. For all polynomials shown in Table 5, the least significant bit is the rightmost bit as described in the text of Figure 10. 

The initial state is the same for all PRNs, and in octal form is 17777. Generation of these codes is done using an LFSR as shown in Figure 10, with N=13. 

Table 5: Alternate optional PN Codes used by MBS, based on maximal length sequences of length 8191

	Index
	PN Code Polynomial (octal)
	Index
	PN Code Polynomial (octal)
	Index
	PN Code Polynomial (octal)

	1
	20033
	44
	24417
	87
	32275

	2
	20157
	45
	24477
	88
	32333

	3
	20273
	46
	24567
	89
	32371

	4
	20451
	47
	24765
	90
	32461

	5
	20553
	48
	25161
	91
	32467

	6
	20627
	49
	25173
	92
	32517

	7
	21045
	50
	25245
	93
	32535

	8
	21171
	51
	25353
	94
	32563

	9
	21263
	52
	25363
	95
	32671

	10
	21367
	53
	26041
	96
	33133

	11
	21447
	54
	26215
	97
	33235

	12
	21615
	55
	26225
	98
	33325

	13
	21771
	56
	26327
	99
	33433

	14
	22051
	57
	26341
	100
	33471

	15
	22075
	58
	26431
	101
	33523

	16
	22141
	59
	26457
	102
	33631

	17
	22155
	60
	26617
	103
	34047

	18
	22235
	61
	26761
	104
	34261

	19
	22301
	62
	26775
	105
	34311

	20
	22411
	63
	27051
	106
	34341

	21
	22631
	64
	27227
	107
	34371

	22
	22657
	65
	27337
	108
	34713

	23
	22675
	66
	27427
	109
	35057

	24
	22717
	67
	27515
	110
	35141

	25
	23021
	68
	27531
	111
	35163

	26
	23077
	69
	27625
	112
	35323

	27
	23113
	70
	27645
	113
	35325

	28
	23131
	71
	27657
	114
	35421

	29
	23173
	72
	27777
	115
	35453

	30
	23231
	73
	30117
	116
	35455

	31
	23261
	74
	30177
	117
	35477

	32
	23365
	75
	30301
	118
	35545

	33
	23473
	76
	30323
	119
	35557

	34
	23563
	77
	30417
	120
	35631

	35
	23571
	78
	30515
	121
	35645

	36
	23641
	79
	30733
	122
	35651

	37
	23713
	80
	31035
	123
	35777

	38
	24043
	81
	31145
	124
	36025

	39
	24061
	82
	31273
	125
	36703

	40
	24165
	83
	31303
	126
	37005

	41
	24325
	84
	31701
	127
	37445

	42
	24343
	85
	32033
	128
	37475

	43
	24411
	86
	32231
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� Due to the terrestrial nature of MBS, although beneficial assistance information is an optional message to the UE





3GPP


_1492858531.vsd
 


Data 
Generator 


PN Code
Generator


Info bits (Tower LLH)



_1492858533.vsd
P1



_1492928848.vsd
MBS Network


GMLC


MME


9b.
Indicate UE Position
as TBS/MBS


7.
MBS 
Measurements


2b.
Position Request
No Impact


10.
Indicate UE Position
as TBS/MBS


4.
Indicate UE Capability
as TBS/MBS Capable


PSAP


1.
Position Request
No Impact


8.
Indicate UE Position
Or Measurements
as TBS/MBS


9a.
Indicate UE Position
as TBS/MBS


2a.
Position Request
No Impact


E-SMLC


3.
Request UE Capabilities
No Impact


6.
Position Request
Or
Measurements Request
No Impact


5.
A-MBS
Assistance



_1492858532.vsd
PN code
Chip sequence


Data
1 bit per PN code


» n/m/2 ms


1/1.023/(m/2) μs each chip


Data Out


n*1024-1 chips



_1492858528.vsd
MBS Network


Core Network


7.
MBS 
Measurements


10.
Indicate UE Position 
as TBS/MBS


4.
Indicate UE Capability
as TBS/MBS Capable


PSAP


1.
Position Request
No Impact


8.
Indicate UE Position
Or Measurements
as TBS/MBS


9.
Indicate UE Position
as TBS/MBS


2.
Position Request
No Impact


RAN


3.
Request UE Capabilities
No Impact


6.
Position Request
Or
Measurements Request
No Impact


5.
A-MBS
Assistance



