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Introduction

This document presents information regarding the Metropolitan Beacon System (MBS), including results from the recently conducted tests by the ‘Communications, Security, Reliability and Interoperability Council III – Work Group III’ (CSRIC III –WG III). Also presented is a proposed way forward, identifying specification impacts and a proposed work plan.
MBS is a wide area, terrestrially based positioning constellation of synchronous beacons, transmitting a positioning signal compatible with GPS receivers and RF capabilities in UEs. MBS is optimized to provide urban area and in-building positioning services across an entire metropolitan area. These environments are typically challenging for GPS positioning. 
The Federal Communications Commission of the US (FCC) currently has a mandate to locate wireless callers precisely on a county by county basis
 with a higher accuracy. As more and more calls originate in indoor environments
 the FCC is investigating performance requirements for in-building 911 emergency services. Both these reasons call for enhanced location technologies to complement the existing GNSS solutions in the areas where GNSS systems are challenged: urban core and indoor locations.  Similar needs are anticipated on a worldwide basis. 
CSRIC Indoor Location Testing

The Communications Security, Reliability and Interoperability Council's (CSRIC) mission is to provide recommendations to the FCC to ensure, among other things, optimal security and reliability of communications systems, including telecommunications, media, and public safety. The council was created by the Federal Communications Commission, a federal government organization of the United States. 
The CSRIC WG III
 was composed of wireless industry and public safety experts working to study the issues around providing reliable position location information for Emergency Services (E911) for mobile users. 
CSRIC WG III (subcommittee 2) recently completed a real world, in-building location test campaign. The testing was conducted by an independent test house, with a view to characterizing the performance of current and upcoming location technologies in various indoor environments from where mobile calls could be made from. The tests were completely blind to the participants
. The tests were funded jointly by all the eight participants and the participating companies were – AT&T, T-Mobile, Verizon Wireless, Sprint, Qualcomm, Polaris and Nextnav. The tests rigorously followed the requirements for E911 mobile phone system and some of the salient features of the testing process included: 
· Based on sound statistical test methodology as defined by ATIS 
· Followed the test protocol from ATIS-0500013; received wide consensus
· Over 74 test points tested across a variety of different morphologies:
· Dense urban, urban, suburban, and rural morphologies
· Multiple test points in each building
· 2 to 6 test points depending on size and complexity of selected building
· Representing typical use scenarios
· Statistically significant, adequately large number of independent test calls at each stationary test point
· 100 test calls per technology minimum target per test point
· >13,000 test calls per technology placed at 74 test points, well over 100 avg.
· Aggregated over different devices and networks used by the location technology under test at each test point
· Indoor ground truth accuracy < 1 m (professional survey accuracy 2 cm)
· Performance attributes tested: accuracy, yield, TTFF, uncertainty, scatter

The goal of the testing was to achieve “Independent comparative testing that provides the FCC with meaningful, objective results on indoor wireless location performance.”
MBS Performance Results
The MBS system is designed to deliver high precision, consistent and reliable location information in indoor and outdoor environments across an entire metropolitan area. The results for the MBS system in the CSRIC test showed excellent performance across all environments. The MBS system showed a marked improvement over current location technologies for Emergency Services and delivered a 90% reduction in search area and also demonstrated near floor level precision on the vertical.
The CSRIC Indoor Location Test Bed Report may be found at: http://transition.fcc.gov/bureaus/pshs/advisory/csric3/WG3_Indoor_Test_Report_Bay_Area_Stage_1_Test_Bed_Jan_31%20_2013.pdf 
The percentage of test call placed that resulted in a position fix being returned is referred to as Yield. The MBS Yield results are depicted in Table 1.
	
	Total Number of Test Calls Attempted
	Total Number of Test Calls With Position Fix Returned
	Percentage of Test Calls with Position Fix Returned (Yield)

	All Dense Urban Buildings 
	5174
	4859
	93.9%

	All Urban Buildings 
	4444
	4238
	95.4%

	All Suburban Buildings 
	3581
	3581
	100.0%

	All Rural Buildings 
	843
	820
	97.3%


Table 1 MBS Summary Indoor Test Yield Results

The overall yield for the MBS system across all the morphologies was over 96%.
The Time to First Fix (TTFF) is the duration from call initiation until the caller location estimate is delivered. In the CSRIC testing, the reporting interval was set to be within 30 seconds, so these results do not reflect real world MBS TTFF expectations.

	
	Average Duration
	Standard Deviation
	90th Percentile

	All Dense Urban Buildings 
	27.36
	0.61
	27.45

	All Urban Buildings 
	27.40
	0.48
	27.64

	All Suburban Buildings 
	27.39
	0.52
	27.52

	All Rural Buildings 
	27.56
	0.35
	27.86


Table 2 MBS Indoor TTFF by Morphology
The location accuracy, in meters, is presented for all of the calls in which a position fix was retuned. Key metrics include the accuracy at the 67th and 90thpercentiles. The MBS Indoor Accuracy results are depicted in Table 3.
	
	Total Number of Calls
	67th Percentile
	90th Percentile

	All Dense Urban Buildings
	4859
	57.1
	102.4

	All Urban Buildings
	4238
	62.8
	141.1

	All Suburban Buildings
	3581
	28.6
	52.9

	All Rural Buildings
	820
	28.4
	44.9


Table 3 MBS Indoor Accuracy Statistics

One key benefit of the MBS system is the capability to calculate an accurate altitude estimate. This was tested as part of the CSRIC testing. The MBS indoor vertical results are depicted in Table 3.
	
	Total Number of Calls
	67th Percentile
	90th Percentile

	All Dense Urban Buildings
	4859
	2.9
	4.0

	All Urban Buildings 
	4238
	1.9
	2.8

	All Suburban Buildings
	3581
	4.6
	5.5

	All Rural Buildings
	820
	0.7
	1.1


Table 4 MBS Indoor Vertical Distance Error Statistics

The MBS indoor accuracy by morphology is graphed in Figure1.
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Figure 1 Indoor Accuracy by Morphology

The following set of figures present the Cumulative Distribution Functions for the MBS indoor location performance in horizontal and vertical accuracy in all of the morphologies tested. In the horizontal accuracy figures, the pink reference line represents the current FCC 50 meter accuracy threshold required for 67% of wireless E-911 calls placed outdoors, and the yellow reference line represents the current FCC 150 meter accuracy threshold required for 90% of wireless e-911 calls placed outdoors. Figures 2 and 3 depict the MBS Indoor accuracy performance for the Dense Urban environment.
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Figure 2 MBS Dense Urban Indoor Location Accuracy CDF
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Figure 3 MBS Dense Urban Indoor Vertical Distance Accuracy CDF
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Figure 4 MBS Urban Indoor Location Accuracy CDF
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Figure 5 MBS Urban Indoor Vertical Distance Accuracy CDF
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Figure 6 MBS suburban Indoor Location Accuracy CDF
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Figure 7 MBS Suburban Indoor Vertical Distance Accuracy CDF
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Figure 8 MBS Rural Indoor Location Accuracy CDF
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Figure 9 MBS Rural Indoor Vertical Distance Accuracy CDF
The performance of the MBS positioning in the CSRIC indoor location testing demonstrated solid results. In fact, in the Suburban and Rural indoor environments, MBS exceeded the current FCC outdoor requirements. In the Dense Urban and Urban indoor environments, MBS indoor performance nearly met the current FCC outdoor requirement at the 67th percentile, and exceeded the current FCC outdoor requirement at the 90th percentile.
In comparison, an Assisted GPS hybrid approach exhibited less accuracy in its performance in the CSRIC Indoor testing, as depicted in Table 5 below.
	
	Total Number of Calls
	67th Percentile
	90th Percentile

	All Dense Urban Buildings
	5145
	155.8
	267.5

	All Urban Buildings
	4338
	226.8
	449.3

	All Suburban Buildings
	3716
	75.1
	204.8

	All Rural Buildings
	709
	40.5
	210.1


Table 5 Assisted GPS Hybrid Indoor Accuracy Statistics
The following figure provides a comparison of the MBS Indoor location accuracy from table 3 and the A-GPS Hybrid Indoor location accuracy from table 5, at the 67th and 90th percentiles, across the various morphologies.
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Figure 10: Comparison of MBS and A-GPS (with AFLT) Indoor Location Accuracy
This clearly shows that MBS can provide a significant increase in Indoor location accuracy for the US E-911 requirements, by helping to alleviate the impacts that GPS experiences in urban environments and indoor positioning, where blocking and attenuation impairs the accuracy of the resulting GPS location estimate.
Proposal1: Based on the indoor test performance, MBS is an accurate and enhanced positioning technology, complementing GPS, and there are immediate benefits to initiating specification development in REL-12.
MBS Way Forward

In order to facilitate inclusion of MBS into the 3GPP RAN specifications, we propose to follow the model approved at RAN#59 for the BeiDou (BDS) work item. We propose to incorporate MBS within the GNSS/GANSS framework. This approach minimizes the incremental overhead and specification complexity required to add MBS support. All of the specifications needed to add support for MBS have already been agreed to be enhanced to include support for BDS, so there is minimal incremental work to include small specification updates for MBS in these same specifications. 
MBS is a building block work item, and utilizes the existing TS 23.071 LCS Stage 1 and 23.271 LCS Stage 2 specifications as the foundation requirement documents.

The UE Positioning Stage 2 documents TS 25.305 and TS 36.305 require minor updates to identify MBS as a GANSS/GNSS positioning method.
The LTE specification TS 36.171 E-UTRA Requirements for Support of A-GNSS requires updates to Section 6 to add performance requirements for MBS, and Annex B for test conditions, Annex C for propagation conditions, Annex E f or assistance data and Annex F for calculations.
The LTE specification TS 36.355 requires updates to section 6.5.2 A-GNSS Positioning to add IEs to support MBS assistance data and measurements.
The UMTS specification 25.306 UE Radio Access Capabilities requires a minor update to section 5 to add MBS as a value for the GANSS ID.

The UMTS specification TS 25.331 Radio Resource Control requires updated in sections 8.6.7.19.7 UE positioning GANSS assistance data, 10.3.7 Measurement Information Elements, and 11 Message and Information element abstract syntax (with ASN.1) to add IEs to support MBS assistance data and measurements.

The UMTS specification TS 25.413 Radio Access Network Application Part requires an update to section 9.2.3.27 to add MBS to the Position Data IE.
The UMTS specification TS 25.423 Radio Network Subsystem Application Part requires updates to sections 8.5.6 Information Exchange Initiation and section 9 Elements for RNSAP Communication to add support for MBS.

The UMTS specification TS 25.433 Node B Application Part requires updates to sections 8.2.26 Information Exchange Initiation and section 9 Elements for NBAP Communication to add support for MBS.

The UMTS specification TS 25.453 Position Calculation Application Part requires updates to sections 8.2 Position Calculation, 8.3 information Exchange Initiation, 8.4 Information Reporting, 8.9 Position Activation, and 9 Elements for PCAP Communication to add support for MBS. 
The UMTS specification TS 25.172 Requirements for Support of A-GANSS requires updates to section 5 to add performance requirements for MBS, and Annex B for test conditions, Annex C for propagation conditions, Annex E f or assistance data and Annex F for calculations. 
The impacts to these specifications are fairly small and do not entail any detailed technical issues to be discussed and resolved, so the effort required to provide these changes is manageable, and may be accomplished primarily through email discussion and review of proposed CRs, with minimal meeting time for final review and approval.
Possible work plan

	3GPP meeting schedule
	Work plan in RAN2(UMTS and LTE)
	Work plan in RAN3(UMTS only)
	Work plan in RAN4(UMTS and LTE)

	RAN2#83/RAN3#81/RAN4#68(19 - 23 Aug 2013  )
	(JT, 0,25TU)

Kick off the discussion, mainly focusing on working plan, initial impact analysis and to list all possible open issues. Two email discussion will be planned to discussion all the detail of impact and open issues for LTE and UMTS respectively


	N/A
	N/A

	RAN2#83bis/RAN3#81bis/RAN4#68bis(7 - 11 Oct 2013  )
	( 0,5TU for LTE and UMTS respectively)

Summary of email discussion to confirm all the open issues. Then Another email discussion is planned to deal with all left open issue.   One LS to RAN3 will be sent out to kick off discussion in RAN3. Stage2 CR could be approved.
	
	N/A

	RAN2#84/RAN3#82/RAN4#69(11 - 15 Nov 2013  )
	( 0,5TU for LTE and UMTS respectively)

To close all the open issues. And based on summary of email discussion stage3 CR will be put on the table. Then email discussion is to planned to discuss the draft stage3 CR. To send LS to RAN4 to notify the progress of RAN2
	( 0,5TU for UMTS )

To identify all the open issues
	( 0,5TU for LTE and UMTS totally)

RAN4 start to kick off the discussion on performance requirement

	RAN2#85/RAN3#83/RAN4#70(10 - 14 Feb 2014   )
	( 0,5TU for LTE and UMTS respectively)

Summary of the email discussion on  stage3 CR..
	( 0,5TU for UMTS )

To discuss stage3 CR
	( 0,5TU for LTE and UMTS totally)

Continue to discuss performance requirement

	RAN#63 (3 - 6 Mar 2014 )
	
	
	

	RAN2#85bis/RAN3#83bis/RAN4#70bis(31 Mar - 4 Apr 2014     )
	( 0,5TU for LTE and UMTS respectively)

To discuss stage3 CR for another round to close all the open issues
	( 0,5TU for UMTS )

To conclude stage3 CR
	( 0,5TU for LTE and UMTS totally)

To discuss corresponding CR

	RAN2#86/RAN3#84/RAN4#71(19 - 23 May 2014    )
	N/A
	N/A
	( 0,5TU for LTE and UMTS totally)

To conclude all the left open issues

	RAN#64 (10 - 13 Jun 2014  )
	
	
	


Table 6 MBS Proposed Work Plan
Conclusion
The paper shows that MBS has a limited impact on the stage2 positioning specification both for LTE and UMTS. As for stage3, multiple specifications are impacted, but given the existing GANSS/GNSS framework, the modifications are small and non-structural, so the impact is manageable. The proposed work plan shown in Table 6 utilizes email discussion to address issues to minimize meeting time required to complete the work.

Proposal2: Approve the MBS work item for REL-12 at this meeting.

Proposal3: Kick off the MBS discussion at RAN2#83.
� FCC 2nd Report and Order, PS Docket No. 07-114 adopted 9/23/2010.


� Over 70% of Emergency9-1-1 calls in the US are made from wireless phones (FCC); nearly60% of wireless calls originated from indoor environments (J.D. Power and Associates) in 2012.


� CSRIC WG III was composed of wireless industry experts from the Tier 1 operators, technology vendors and public safety experts. 


� The participants were only made aware of the morphology rings where the tests were conducted.
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