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1.  

Introduction
At RAN1#80bis meeting, the scenarios and initial simulation assumptions for evaluating the performance of Terrestrial Beacon Systems (TBS) were agreed [1]. Further clarifications to the simulation assumptions were agreed at RAN1#81 [2]. 

In addition, at RAN1#81, the details of the TBS Option 2 configuration parameters were also agreed based on the description in [4].
In this contribution, we provide simulation results using TBS Signal Option 1 (PRS signals) and a general comparison of the two TBS options considered in [3]. 
A text proposal for TR 37.857 [3] is included in Annex B of this contribution. 
2. 

Terrestrial Beacon System (TBS)
A Terrestrial Beacon System (TBS) consists of a network of terrestrial beacons broadcasting signals for positioning purposes. The operating band of TBS may be licensed or unlicensed.  
Two TBS signal options are considered in [3]:

· TBS Option 1: PRS signals, as currently defined in 3GPP LTE specifications.  

· TBS Option 2: "GNSS-like" signals
, as described in [4].
The TBS sites may be generally considered as Downlink Location Measurement Units (DL-LMUs) in the E-UTRA or UTRA positioning architecture, as shown in Figure 1 and Figure 2, respectively. The DL-LMUs may require no connection/signalling to the core/radio network and may retrieve the configuration parameters from e.g., OAM.
For TBS Option 1, the DL-LMUs may use a subset of the LTE radio interface (e.g., positioning reference signals only). For TBS Option 2, a new radio interface is required, as proposed in [4]. 
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Figure 1: E-UTRAN Positioning Architecture with TBS DL-LMUs (Beacons).
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Figure 2: UTRAN Positioning Architecture with TBS DL-LMUs (Beacons).

3. 

Simulation Results
The detailed simulation assumptions and parameters used for these results are summarized in Annex A of this contribution. 

3.1
 

TBS-only Deployment
In this subsection, we consider a deployment scenario with Outdoor TBS Transmitter only (i.e., the eNB signals are not used for positioning).
The Figure 3 below shows the horizontal positioning error for the TBS-only scenario and the OTDOA baseline results for Case#1 with 0 small cells (macro only). The OTDOA baseline results are taken from [7]. 

The TBS results for NPRS=1 are essentially the same as the OTDOA baseline results for the macro-only scenario. 

The TBS evaluation scenario is similar to Case#1 scenario with 0 small cells. The TBS sites are deployed on a hexagonal grid with ISD=500m and the Urban Macro channel models are used. The PRS signal configuration and UE measurement processing is also the same for the TBS and OTDOA results. For both, the same PRS configuration is used (e.g., NPRS=1, muting, etc.). Therefore, under the same conditions, the TBS performance is the same as for OTDOA. 
The TBS performance can be improved by using more consecutive PRS subframes NPRS, as shown in Figure 3. The horizontal position error percentiles for the considered configurations are summarized in Table 1 below.   
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Figure 3: Horizontal Positioning Error for TBS-only and OTDOA-only deployment.

Table 1: Horizontal Positioning Error for TBS-only and OTDOA-only deployment.

	
	Horizontal Positioning Error [m]
	% < 50 m

	
	40%
	50%
	70%
	80%
	90%
	

	OTDOA Case#1a (baseline) NPRS = 1
	21 m
	26 m
	36 m
	43 m
	57 m
	86%

	TBS Option 1 – NPRS = 1
	22 m
	27 m
	38 m
	44 m
	57 m
	85%

	TBS Option 1 – NPRS = 6
	16 m
	19 m
	28 m 
	34 m
	45 m
	94%


Figure 4 shows the vertical positioning error for this TBS-only scenario and the OTDOA baseline results for Case#1 with 0 small cells (macro only) [7]. Also here it can be observed that the TBS performance can be improved by using more consecutive PRS subframes NPRS,
For NPRS=1, TBS shows slightly better vertical positioning performance compared to OTDOA. A reason for this may be that more vertical site variation is present with omni-sites, compared to the OTDOA results with sector-sites. I.e., the BS antenna height in both scenarios is 25m+, where ~uniform(-5,25) m [3]. However, for the OTDOA results the 3 sectors of a site have the same antenna heights. Therefore, if the UE measures several sectors of a site (which is usually the case), the same vertical BS coordinates are used (i.e., less overall vertical variation within the RSTD measurement set, compared to omni-sites).  
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Figure 4: Vertical Positioning Error for TBS-only and OTDOA-only deployment.

Table 2: Vertical Positioning Error for TBS-only and OTDOA-only deployment.
	
	Vertical Positioning Error [m]

	
	40%
	50%
	70%
	80%
	90%

	OTDOA Case#1a (baseline) NPRS = 1
	75 m
	93 m
	135 m
	161 m
	213 m

	TBS Option 1 – NPRS = 1
	67 m
	82 m
	126 m
	160 m
	220 m

	TBS Option 1 – NPRS = 6
	56 m
	74 m
	108 m
	140 m
	204 m


3.2. 
 

TBS + OTDOA Deployment

TBS Option 1 is a natural extension of the OTDOA positioning method. OTDOA is a terrestrial location method where the location signal (i.e., PRS) is transmitted together with the communication signals. Hybrid use with OTDOA is therefore implicit. In this subsection, we consider the deployment scenario with Outdoor Macro and Outdoor TBS Transmitter [3]. 

The Figure 5 below shows the horizontal positioning error for the OTDOA-only, TBS-only, and TBS+OTDOA scenario. For all results in Figure 5, NPRS=1 was used. Table 3 summarizes the horizontal positioning error percentiles for the considered deployment scenarios.  

As can be seen from Figure 5, TBS performance can be improved if the PRS signals from the eNB’s are used in addition to the TBS signals.
Figure 6 and Table 4 show the corresponding vertical positioning performance. 
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Figure 5: Horizontal Positioning Error for OTDOA-only, TBS-only and TBS+OTDOA deployment.

Table 3: Horizontal Positioning Error for OTDOA-only, TBS-only and TBS+OTDOA deployment.

	
	Horizontal Positioning Error [m]
	% < 50 m

	
	40%
	50%
	70%
	80%
	90%
	

	OTDOA Case#1a (baseline) NPRS = 1
	21 m
	26 m
	36 m
	43 m
	57 m
	86%

	TBS Option 1 – NPRS = 1
	22 m
	27 m
	38 m
	44 m
	57 m
	85%

	TBS+OTDOA – NPRS = 1
	19 m
	23 m
	32 m
	39 m
	50 m
	90%


[image: image6.emf]0 10 20 30 40 50

0

10

20

30

40

50

60

70

80

90

100

H [m] 



Prob{ PosError <= H } [%] 



Vertical Positioning Error

 

 

OTDOA Case#1a

TBS Option 1; N

PRS

 = 1

TBS+OTDOA; N

PRS

 = 1


Figure 6: Vertical Positioning Error for OTDOA-only, TBS-only and TBS+OTDOA deployment.

Table 4: Vertical Positioning Error for OTDOA-only, TBS-only and TBS+OTDOA deployment.
	
	Vertical Positioning Error [m]

	
	40%
	50%
	70%
	80%
	90%

	OTDOA Case#1a (baseline) NPRS = 1
	75 m
	93 m
	135 m
	161 m
	213 m

	TBS Option 1 – NPRS = 1
	67 m
	82 m
	126 m
	160 m
	220 m

	TBS+OTDOA – NPRS = 1
	66 m
	81 m
	117 m
	142 m
	176 m


Observation 1:
The performance of TBS is the same as OTDOA under the same conditions. 

Observation 2: 
TBS performance can be improved by using more PRS subframes NPRS, or by using the PRS signals from the eNBs in addition.
4. 

Comparison of the TBS Signal Options
In this section, advantages and disadvantages of the two alternative TBS options (Option 1 and Option 2 [3]) are discussed, and summarized in Table 5 below.
1. UE receiver:
For TBS Option 1, standard PRS signals are used. Therefore, any OTDOA capable UE can process the TBS signals. Indeed, the UE may not even need to be aware of whether it measures a TBS beacon or an eNB signal. 

The PRS enhancements discussed in [3] would also be applicable to TBS Option 1, and may require minor UE modifications (e.g., capability for new PRS pattern, new muting pattern, reduced RSTD quantization error, etc.). However, these modifications are common to OTDOA and TBS Option 1 and would not require new UE receiver hardware (and would be introduced backwards compatible; i.e., can co-exist with legacy PRS). 
In case of TBS Option 1 support over UMTS access, the UE needs to be capable of receiving and measuring LTE PRS signals while connected to the UMTS network. For this, the LTE downlink radio should preferably be active simultaneously with the UMTS radio, or UMTS compressed mode may be used (inter-RAT measurements).
For TBS Option 2, a new receiver would be needed in the UE. Although, TBS Option 2 is considered using "GNSS-like" signals, from the proposal in [4] it is clear that TBS Option 2 signals cannot be received and processed by any standard GNSS receiver. Most obvious is the frequency band of operation (~900 MHz) which is not used by any GNSS receiver today. 
In addition, from the TBS evaluation assumptions [3], the total received TBS signal levels are in the order of ‑50 to ‑120 dBm (and much higher if the TBS signals are received at outdoor UEs), which massively exceeds the typical GNSS signal levels (nominally around -130 dBm outdoors, and much less indoors). GNSS RF and digital front ends typically cannot accommodate such high signal levels and dynamic range. 
A UE equipped with a new radio receiver for TBS may also introduce new challenges in solving in-device coexistence issues [5] (e.g., the LTE, UMTS, WiFi or BT transmitter may generate in-device interference for the TBS receiver) and may negatively impact the overall power consumption of the UE.
Although, the signal structure for TBS Option 2 proposed in [4] is not complete
, it can already be concluded from the proposal in [4] that no GNSS today uses signals "similar" to TBS Option 2.  E.g., GNSSs today do not use a TDMA slot structure, do not use "muting", or any PN codes proposed in Annex C and D of [4]. Therefore, in addition to a new radio front end, new baseband processing would be required in the UE. 
2. Flexibility/Configuration Options
For TBS Option 1, the PRS signal allows the use of various bandwidths and time duration configurations. Dependent on the available spectrum (or desired positioning accuracy) PRS can flexibly be configured in various signal bandwidths (e.g., 1.4, 3, 5, 10, 15, 20 MHz). Further, the periodicity of the PRS can be increased, up to the case of a time continuous PRS signal (e.g., if deployed in dedicated TBS spectrum). 

TBS Option 2 also allows the use of various bandwidths and time duration configurations. Three bandwidth configurations are proposed in [4], namely 2, 5 and 10 MHz, as defined by the parameters m and n in [4]. Additional signal bandwidths may in principle be possible, but each additional bandwidth configuration may require the introduction of e.g., new PRN ranging codes [4]. 

Although, a fixed TDMA slot structure of 100 milli-seconds for TBS Option 2 is proposed in [4], the transmission period can be configured flexible (e.g., T >= 1 seconds in [4]). Although, not fully described/considered in [4], different "muting pattern" configurations seems also be possible to configure. 
3. Specification Impacts
For TBS Option 1, existing OTDOA LTE signalling can be used for providing TBS assistance data and reporting measurements. The signal measurements would be intra- and/or inter-frequency RSTD measurements and can be performed by the UE as usual (i.e., no new UE functionality would be required and all OTDOA capable UEs can measure TBS Option 1 signals (even legacy and already deployed UEs); see also item 1 above). For UE-based TBS, new assistance data may be required (or alternatively, LPPe UE-based OTDOA assistance data [6] could be used). 

In case of TBS Option 1 support over UMTS access, the OTDOA assistance data needs to be included in RRC and PCAP specifications. For user plane support, existing LPP/LPPe could be used without changes. 

For TBS Option 2, new assistance data and measurements need to be added to the signalling specifications. In addition, the signal of TBS Option 2 may need to be specified in 3GPP specifications (i.e., new radio interface).
4. Hybrid use with other location technologies

TBS Option 1 is a natural extension of the OTDOA positioning method. OTDOA is a terrestrial location method where the location signal (i.e., PRS) is transmitted together with the communication signals. Hybrid use with OTDOA is therefore implicit.  Hybrid use of TBS Option 1 with GNSS is possible in the same was as it is the case today with hybrid OTDOA/GNSS deployments. However, hybridization with GNSS are not considered in this study, since the assumption is that GNSS signals cannot be reliably received indoors. 

TBS Option 2 could also be used together with OTDOA. Since TBS Option 2 measures pseudo-ranges (as opposed to RSTDs), this would be similar to OTDOA+GNSS hybrid use; i.e., the signals would be received by two different receivers, and e.g., any inter-system time offsets may be provided in the assistance data.   

5. Performance
Evaluation results of a TBS-only deployment show similar results between TBS Option 1 and Option 2 under the same conditions. 
Neither TBS Option is able to provide useful vertical positioning performance (i.e., vertical positioning error is usually greater around 50 m). 



Table 5: Advantages and disadvantages of the two alternative TBS signal options.
	Criteria
	TBS Option 1

(PRS Signals)
	TBS Option 2

("GNSS-like" Signals)

	New UE receiver required to receive/process TBS signals
	No(NOTE 1)
	Yes

	Flexibility/possibility to configure various bandwidths and time domain configurations
	Yes
	Yes(NOTE 2)

	LTE Specification Impacts
	Minor(NOTE 3)
	Major(NOTE 4)

	UMTS Specifications Impacts
	Moderate(NOTE 5)
	Moderate(NOTE 6)

	Hybrid use with other location technologies(NOTE 7)
	Yes
	Yes

	Compatible with legacy UEs
	LTE: 
Yes 
	No

	
	UMTS: No (NOTE 8)
	

	Horizontal Positioning Performance
	Good
	Good

	Vertical Positioning Performance
	Bad(NOTE 9)
	Bad(NOTE 9)

	NOTE 1: Assuming the UE is LTE capable. For UE’s supporting only UMTS, a new PRS 
receiver would be required.
NOTE 2: Although, more flexibility is provided with TBS Option 1, the flexibility of TBS Option 
2 may be sufficient in practice.

NOTE 3: OTDOA assistance data and measurements can be re-used. New assistance data 
may be needed for UE-based TBS; or alternatively, LPPe UE-based OTDOA 
assistance data [6] could be used.  
NOTE 4: A new radio interface needs to be specified. New assistance data and 
measurements are required in signalling specifications. 
NOTE 5: The LPP/LPPe OTDOA assistance data and measurement reporting functionality 
would be included in UMTS RRC and PCAP specifications.

NOTE 6: Assuming the new radio interface and assistance data etc. are already specified 

for LTE support.
NOTE 7: "Hybridization" here means combination of measurements from different systems to 
generate a location fix (in contrast to combination in position domain).
NOTE 8: TBS Option 1 cannot be used with legacy UMTS UEs due to new RRC signalling 
required.
NOTE 9: The ability of providing vertical location estimates via ranging is independent of the 
TBS signal design.    


Therefore, given the significant impact on the UE receiver design, the incompatibility with legacy UEs and the specification impacts of TBS Option 2, it is recommended to adopt the signal option 1 for TBS.  

5. 

Summary

In this contribution, we showed simulation results of a TBS-only and a TBS+OTDOA deployment. In addition, some advantages and disadvantages of TBS Options 1 and 2 are summarized. A corresponding text proposal for TR 37.857 [3] is included in the Annex B of this contribution.
Proposal 1: 
Include the text proposal provided in Annex B in TR 37.857.

Proposal 2: 
Given the significant impact on the UE receiver design, the incompatibility with legacy UEs and the specification impacts of TBS Option 2, it is recommended to adopt the signal option 1 for TBS.
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Annex A:
Simulation Model


A.1

TBS Evaluation Assumptions
	Parameter
	Macro Cell
	Outdoor TBS Transmitter

	Layout
	Hexagonal grid, 3 sectors per site, 19 Macro sites,  ISD = 500m
	Hexagonal grid, TBS transmitter deployed at macro cell edge,  ISD = 500m 
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	System Bandwidth per Carrier
	10 MHz
	10 MHz

	Carrier Frequency
	2.0 GHz
	2, 3.5 GHz

	Number of Carriers
	1
	1

	Total power (Ptotal per carrier)
	46 dBm
	46 dBm

	Distance-Dependent Path Loss
	3D-UMa

(Table 7.2-1 in TR 36.873)

Indoor UEs: 3D-UMa O-to-I (PLb=PL3D-UMa)
Outdoor UEs: 3D-UMa LOS or 3D-UMa NLOS, 
depending on LOS probability.
	3D-UMa

(Table 7.2-1 in TR 36.873)

Indoor UEs: 3D-UMa O-to-I (PLb=PL3D-UMa)
Outdoor UEs: 3D-UMa LOS or 3D-UMa NLOS, depending on LOS probability.

	Penetration
	For outdoor UEs: 0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25, UE-to-eNB distance) ] for each link)
(i.e., PLtw = 20 dB; PLin = 0.5din (Table 7.2-1 in TR 36.873))
	For outdoor UEs: 0dB
For indoor UEs: 20/23 dB+0.5din (din : independent uniform random value between [ 0, min(25, UE-to-eNB distance) ] for each link)
(i.e., PLtw = 20/23 dB; PLin = 0.5din (Table 7.2-1 in TR 36.873))

(PLtw selected according to carrier frequency used).

	Shadowing
	3D-UMa (Table 7.3-6 in TR36.873)
Indoor UEs:
3D-UMa O-to-I 
Outdoor UEs: 
3D-UMa LOS or 3D-UMa NLOS, depending on LOS probability.
	3D-UMa (Table 7.3-6 in TR36.873)

Indoor UEs:
3D-UMa O-to-I 
Outdoor UEs: 
3D-UMa LOS or 3D-UMa NLOS, depending on LOS probability.

	Antenna Pattern
	3D according to TR36.819
	2D Omni-directional

	Antenna Height
	25m + α
α ~ uniform(-5,25) m
	25m + α
α ~ uniform(-5,25) m

	UE Height
	hUT = 3(nfl – 1) + 1.5 m
where, nfl ~ uniform(1,Nfl) and Nfl = 8

	Antenna Gain + Connector Loss
	17 dBi
	5 dBi

	Antenna Gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	3D-UMa from TR 36.873 
Indoor UEs:
3D-UMa O-to-I 
Outdoor UEs: 
3D-UMa LOS or 3D-UMa NLOS, depending on LOS probability.
	3D-UMa from TR 36.873 
Indoor UEs:
3D-UMa O-to-I 
Outdoor UEs: 
3D-UMa LOS or 3D-UMa NLOS, depending on LOS probability.

	Antenna Configuration
	2Tx, 2Rx in DL, Cross-polarized

	Number of floors per building
	8

	UE Dropping
	Same as Case#1 

	UE noise figure
	9 dB

	UE Speed
	3 km/h

	Network Synchronization
	Perfectly synchronized for baseline. 

	


A.2

TBS PRS Signal Configuration
	Parameter
	Macro Cell
	TBS OPTION 1

	System bandwidth
	10 MHz
	10 MHz

	Cell planning
	PCI planning

	Network synchronization
	Synchronous

	Duplex modes
	FDD
	NA

	Cyclic prefix
	Normal

	DRX
	Off
	NA

	Number of antenna ports
	PRS
	1 (antenna port 6)

	
	CRS
	2

	Number of receive antennas
	2

	Number of consecutive positioning subframes in one occasion Nprs
	1
	1, 6

	PRS periodicity
	160 ms
	160 ms

	PRS bandwidth
	Full system bandwidth

	Measurement bandwidth
	Full system bandwidth

	PRS muting
	16-bit random muting pattern with 50% duty cycle (1)

	PRS Power boosting 
	10log6 dB

	PDSCH transmission
	No PDSCH transmission in PRS transmission occasions
	NA

	RSTD report quantization
	Modeled as in 36.133 section 9.1.10.3

	Other TBS Parameters
	N/A

	NOTE 1: R. Srinivasan, et. al., "PRS Muting Pattern Assignment to Optimize RSTD 
Measurement Acquisition for OTDOA Positioning in 3GPP LTE", 
      
Proceedings of the 2015 ION International Technical Meeting ION ITM 2015, Jan. 
26-28, 2015, Dana Point, California, pp. 310-325.
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7.2

RAT-independent positioning technologies

7.2.1

Terrestrial Beacon Systems (TBS)

A Terrestrial Beacon System (TBS) consists of a network of ground-based transmitters, broadcasting signals only for positioning purposes. 

For purposes of evaluation, two TBS signal options are considered: 
· TBS Option 1: PRS signals, as currently defined in 3GPP LTE specifications;

· TBS Option 2: "GNSS-like" signals, as described in [24]. 
The TBS sites may be generally considered as Downlink Location Measurement Units (DL-LMUs) in the E-UTRA or UTRA positioning architecture, as shown in Figure 7.2.1-1 and 7.2.1-2, respectively. The DL-LMUs may require no connection/signalling to the core/radio network and may retrieve the configuration parameters from e.g., OAM.

For TBS Option 1, the DL-LMUs may use a subset of the LTE radio interface (e.g., positioning reference signals with some minimal support for system information blocks). For TBS Option 2, a new radio interface is required, as proposed in [24].
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Figure 7.2.1-1: E-UTRAN Positioning Architecture with TBS DL-LMUs (Beacons).


[image: image9.emf]UE

Node B RNC

SAS

Uu Iub

Iupc

TBS

DL-LMU

(Beacon)

L

T

E

-

U

u

(

T

B

S

 

O

p

t

i

o

n

 

1

)

OAM

N

e

w

 

R

a

d

i

o

 

I

n

t

e

r

f

a

c

e

(

T

B

S

 

O

p

t

i

o

n

 

2

)

SET

S

U

P

L

 

b

e

a

r

e

r

SLP

Proprietary

Interface

possible


Figure 7.2.1-2: UTRAN Positioning Architecture with TBS DL-LMUs (Beacons).
The operating band of TBS may be licensed or unlicensed.
Editor’s Note: Other TBS signals are not precluded for evaluation.

7.2.1.1
TBS evaluation scenarios

For evaluating TBS performance, scenarios are defined below for indoor environments:

7.2.1.1-1 TBS Evaluation Assumptions

	Parameter
	Macro Cell
	Outdoor TBS Transmitter

	Layout
	Hexagonal grid, 3 sectors per site, 7 or 19 Macro sites,  ISD = 500m
	Hexagonal grid, TBS transmitter deployed at macro cell edge,  ISD = 500m

	System Bandwidth per Carrier
	10 MHz
	As defined by the specific TBS signal proposal.

	Carrier Frequency
	2.0 GHz
	923 MHz Note 2 / 2.0 GHz Note 3 / 3.5 GHz
Other carrier frequencies are not precluded.

	Number of Carriers
	1
	1

	Total power (Ptotal per carrier)
	46 dBm
	43/30/46 dBm

Other values are not precluded.

	Distance-Dependent Path Loss
	3D-UMa

(Table 7.2-1 in TR 36.873 [4])

Indoor UEs:
3D-UMa O-to-I (PLb=PL3D-UMa)
Outdoor UEs: 3D-UMa LOS or 3D-UMa NLOS, 
depending on LOS probability.
	3D-UMa

(Table 7.2-1 in TR 36.873 [4])

Indoor UEs:
3D-UMa O-to-I (PLb=PL3D-UMa)
Outdoor UEs: 3D-UMa LOS or 3D-UMa NLOS, depending on LOS probability.

	Penetration
	For outdoor UEs: 0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25, UE-to-eNB distance) ] for each link)
(i.e., PLtw = 20 dB; PLin = 0.5din (Table 7.2-1 in TR 36.873 [4]))
	For outdoor UEs: 0dB
For indoor UEs: 20/23 dB+0.5din (din : independent uniform random value between [ 0, min(25, UE-to-eNB distance) ] for each link)
(i.e., PLtw = 20/23 dB; PLin = 0.5din (Table 7.2-1 in TR 36.873 [4]))

(PLtw selected according to carrier frequency used).

	Shadowing
	3D-UMa (Table 7.3-6 in TR36.873[4]
Indoor UEs:
3D-UMa O-to-I 
Outdoor UEs: 
3D-UMa LOS or 3D-UMa NLOS,


depending on LOS probability.
	3D-UMa (Table 7.3-6 in TR36.873 [4])

Indoor UEs:
3D-UMa O-to-I 
Outdoor UEs: 
3D-UMa LOS or 3D-UMa NLOS, depending on LOS probability.

	Antenna Pattern
	3D according to TR36.819 [5]
	2/3D Omni-directional

	Antenna Height
	25m + α
α ~ uniform(-5,25) m
	25m + α
α ~ uniform(-5,25) m

	UE Height
	hUT = 3(nfl – 1) + 1.5 m
where, nfl ~ uniform(1,Nfl) and Nfl = 8

	Antenna Gain + Connector Loss
	17 dBi
	0/6/5 dBi

	Antenna Gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	3D-UMa from TR 36.873 [4]
Indoor UEs:
3D-UMa O-to-I 
Outdoor UEs: 
3D-UMa LOS or 3D-UMa NLOS, depending on LOS probability.
	3D-UMa from TR 36.873 [4]
Indoor UEs:
3D-UMa O-to-I 
Outdoor UEs: 
3D-UMa LOS or 3D-UMa NLOS, depending on LOS probability.

	Antenna Configuration
	2Tx, 2Rx in DL, Cross-polarized

	Number of floors per building
	8

	UE Dropping
	Same as case 1 

	UE noise figure
	9 dB

	UE Speed
	3 km/h

	Network Synchronization
	Perfectly synchronized for baseline. 

Additionally, network synchronization error case can be optionally simulated.  If included, the network synchronization error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) rms values between an eNB and a timing reference source which is assumed to have perfect timing, subject to a largest timing  difference of T2 ns, where T2 = 2*T1

	Note 1: Void

Note 2: For the carrier frequency, this value is an approximation based on the US frequency band allocations.   

Note 3: For baseline performance, 2 GHz should be used.

Note 4: For eNB-to-UE distance, 3D distance is applied unless stated otherwise.

Note 5: Propagation delay is explicitly modelled.




7.2.1.2
TBS configuration parameters

For evaluating TBS performance, configuration parameters are defined below for indoor environments:

7.2.1.2-1 TBS Configuration Parameters

	Parameter
	Macro Cell
	TBS OPTION 1
	TBS OPTION 2

	System bandwidth
	10 MHz
	10 MHz
	Note 1

	Cell planning
	No PCI planning
	

	Network synchronization
	Synchronous

	Duplex modes
	FDD
	NA
	

	Cyclic prefix
	Normal
	

	DRX
	Off
	NA
	

	Number of antenna ports
	PRS
	1 (antenna port 6)
	

	
	CRS
	2
	

	Number of receive antennas
	2
	

	Number of consecutive positioning subframes in one occasion (Nprs)
	1 and 6
	1, 6, and all subframes with PRS
	

	PRS periodicity
	160 ms
	160 ms in case of 
Nprs = 1 and 6
	

	PRS bandwidth
	Full system bandwidth
	

	Measurement bandwidth
	Full system bandwidth
	

	PRS muting
	PRS muting pattern indicated by individual companies, if used
	

	PRS Power boosting 
	10log6 dB
	

	PDSCH transmission
	No PDSCH transmission in PRS transmission occasions
	NA
	

	RSTD report quantization
	Modelled as in TS 36.133 section 9.1.10.3 [8]
	

	Other TBS Parameters
	N/A
	

	Note 1: For TBS Option 2, the parameters are according to Table 7.2.1.2-2 TBS Option 2 Configuration Parameters [23].




Table 7.2.1.2-2: TBS Option 2 Configuration Parameters

	TBS Option 2
	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 of [24].
	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 3 of [24].
	According to the beacon number, modulo 10*(T.

	Option 3
	m=10, n=8 (10MHz)
	2
	0
	Allocated sequentially from the set of codes in Table 3 of [24].
	According to the beacon number, modulo 10*(T.


7.2.1.3
TBS simulation results

Below are the baseline TBS simulation results with 10MHz system bandwidth [21]

 REF _Ref420463701 \r \h 
[22].

Table 7.2.1.3-1: TBS Option 1/TBS Option 2 horizontal positioning error [m]

	Company
	40%
	50%
	70%
	80%
	90%

	Qualcomm Inc. (TBS Option 1 with NPRS = 6)
	16
	19
	28
	34
	45

	NextNav (TBS Option 2 with rx1)
	19
	22
	28
	34
	41


Table 7.2.1.3-2: TBS Option 1 vertical positioning error [m]

	Company
	40%
	50%
	70%
	80%
	90%

	Qualcomm Inc. (TBS Option 1 with NPRS = 6)
	56
	74
	108
	140
	204


Table 7.2.1.3-2: TBS CDF percentiles for 50m horizontal positioning error [%]

	Qualcomm, Inc.

(TBS Option 1)
	NextNav 

(TBS Option 2)

	94%
	96%


Observations:

· The performance of TBS is the same as OTDOA under the same conditions. 
7.2.1.4
Terrestrial Beacon Systems (TBS) Impacts

For determining specification impacts, TBS positioning technologies may be classified into 3 categories as follows, based on where the UE location computation takes place and the origin of the measurements or assistance information.  

· Standalone positioning (autonomous) – The UE performs TBS measurements and location computation without network assistance.  

· UE-assisted positioning – The UE provides TBS position measurements to the network for computation of a location estimate by the network. The network may provide assistance data to the UE (to help or enable position measurements).  

· UE-based positioning – The UE performs TBS position measurements and computation of a location estimate. The assistance data for one or both of these functions may be provided to the UE by the network.

7.2.1.4.1
Architecture Impacts

TBS positioning technologies should leverage the existing LCS architecture defined in TS 23.271[26], with no impacts to the high-level system architecture specifications.  TBS technologies should also re-use the interfaces and procedures in TS 36.305 [27] Stage 2 functional specification of User Equipment (UE) positioning in E-UTRAN with the addition of identification of TBS as a positioning method.
7.2.1.4.2
Physical Layer Impacts
For TBS Option 1, existing PRS signals are used, as specified in [23]. 
For TBS Option 2, a new radio interface standard may need to be specified.
7.2.1.4.3
Messaging/Protocol Impacts

For TBS Option 1, existing OTDOA signalling defined for LPP and LPPe can be used for providing TBS assistance data and reporting measurements. The signal measurements would be intra- and/or inter-frequency RSTD measurements and can be performed by the UE as usual in the case of LTE access (i.e., no new UE functionality would be required and all OTDOA capable UEs can measure TBS Option 1 signals (even legacy and already deployed UEs)). For UE-based TBS, new assistance data may be required (or alternatively, LPPe UE-based OTDOA assistance data [32] could be used). 

For TBS Option 2, new assistance data and measurements need to be added to the signalling specifications, as summarized in Table 7.2.1.4.3-1.
  TBS positioning methods should leverage the existing procedures and messages as described in TS 36.355 [19].  Specification changes required to support TBS in LPP consist primarily of information elements for Terrestrial Beacon Systems to support:

· UE capabilities negotiation, e.g. UE Capabilities indicate support of TBS (and TBS assistance) for various TBS systems (TBS Option 1, TBS Option 2)

NOTE: 
For TBS Option 1, the existing OTDOA capabilities may be extended if needed.
· Assistance Data specific to TBS-based positioning

NOTE:
For TBS Option 1, existing OTDOA assistance data may be reused. 

· Identify which technology was used in UE position fix and TBS measurements, e.g. Provide Location Information indicates that it was calculated using TBS.

For specification impacts of TBS Option 2, see tables below for E-UTRA impacted specifications:

Table 7.2.1.4.3-1: TBS Option 2 E-UTRA Specification Impacts

	Impacted Specifications
	Impacted Sections
	Proposed change

	TS 36.355
	2. References
	Addition of references for TBS supporting information.

	TS 36.355
	3.2 Abbreviations
	Additional abbreviations added for TBS positioning

	TS 36.355
	6.3 Message Body IEs
	Addition of TBS IEs for RequestCapabilities, ProvideCapabilities, RequestAssistanceData, Provide AssistanceData, RequestLocationInformation, and ProvideLocationInformation

	TS 36.355
	6.5 Positioning Method IEs
	Additional IEs specific to TBS positioning technologies

	TS 36.305
	2. References
	Addition of references for TBS supporting information.

	TS 36.305
	3.2 Abbreviations
	Additional abbreviations added for TBS positioning

	TS 36.305
	8.
Positioning methods and Supporting Procedures
	Information to be transferred to/from the UE and E-SMLC, re-use of existing Capability transfer procedure, assistance data transfer procedure, and location information transfer procedure.


To enable TBS (Option 1 and Option 2) positioning in UMTS control plane location, RRC [28], PCAP [29], RANAP [29], and TS 25.305 [30] protocols may be updated (e.g., UE capabilities, assistance data delivery, TBS measurement reporting).

Table 9.2.1.2-2: TBS Option 1 and Option 2 UTRA Specification Impacts

	Impacted Specifications
	Impacted Sections
	Proposed change

	TS 25.331 [28]
	2. References, 3.2 Abbreviations, 9, 10, 11 Positioning Method IEs
	Addition of references, abbreviations, and information elements for TBS supporting information. 

	TS 25.453 [29]
	2. References, 3.2 Abbreviations, 9 Positioning Method IEs
	Addition of references, abbreviations, and information elements for TBS supporting information.

	TS 25.413 [29]
	2. References, 3.2 Abbreviations, 9 Positioning Method IEs
	Addition of references, abbreviations, and information elements for TBS supporting information.

	TS 25.305 [30]
	2. References, 3.2 Abbreviations, 4.3 Standard Positioning Methods
	Addition of references, abbreviations, and TBS supporting information.


7.2.1.4.4
Comparison of TBS Signal Options
A comparison of the two alternative TBS signal options is summarized in Table 7.2.1.4.4-1. 
Table 7.2.1.4.4-1: Comparison of the two alternative TBS signal options.

	Criteria
	TBS Option 1

(PRS Signals)
	TBS Option 2

("GNSS-like" Signals)

	New UE receiver required to receive/process TBS signals
	No(NOTE 1)
	Yes

	Flexibility/possibility to configure various bandwidths and time domain configurations
	Yes
	Yes(NOTE 2)

	LTE Specification Impacts
	Minor(NOTE 3)
	Major(NOTE 4)

	UMTS Specifications Impacts
	Moderate(NOTE 5)
	Moderate(NOTE 6)

	Hybrid use with other location technologies(NOTE 7)
	Yes
	Yes

	Compatible with legacy UEs
	LTE: 
Yes 
	No

	
	UMTS: No (NOTE 8)
	

	Horizontal Positioning Performance
	Good
	Good

	Vertical Positioning Performance
	Bad(NOTE 9)
	Bad(NOTE 9)

	NOTE 1: Assuming the UE is LTE capable. For UE’s supporting only UMTS, a new PRS 
receiver would be required.
NOTE 2: Although, more flexibility is provided with TBS Option 1, the flexibility of TBS Option 
2 may be sufficient in practice.

NOTE 3: OTDOA assistance data and measurements can be re-used. New assistance data 
may be needed for UE-based TBS; or alternatively, LPPe UE-based OTDOA 
assistance data [32] could be used.  

NOTE 4: A new radio interface needs to be specified. New assistance data and 
measurements are required in signalling specifications. 
NOTE 5: The LPP/LPPe OTDOA assistance data and measurement reporting functionality 
would be included in UMTS RRC and PCAP specifications.

NOTE 6: Assuming the new radio interface and assistance data etc. are already specified 

for LTE support.
NOTE 7: "Hybridization" here means combination of measurements from different systems to 
generate a location fix (in contrast to combination in position domain).
NOTE 8: TBS Option 1 cannot be used with legacy UMTS UEs due to new RRC signalling 
required.
NOTE 9: The ability of providing vertical location estimates via ranging is independent of the 
TBS signal design.    


[image: image10.png]



� Although, referred to as "GNSS-like" signal in TBS Option 2, there are not many commonalities with real GNSS signals (see also section 4). 


� E.g., it is not clear in [4], Figure 6 (MBS Signal Generation), which "Info Bits" are generated by the Data Generator; which FEC is used, or which "Ranging Sequence" is generated. 
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