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Documents R2-001718 and R2-001651 (attached), describing possible positioning enhancements/methods for release 2000, were presented to RAN WG2. The proposed enhancements/methods were:

- OTDOA method based on BCH detection for TDD, possibly with idle periods,

- OTDOA method based on SCH listening for TDD, possibly with idle periods and

- enhancement of the OTDOA method by using positioning elements.

In order to enable RAN WG2 to evaluate the proposals, RAN WG2 kindly asks RAN WG1 to study the performance, applicability and impacts on the system of these enhancements/methods from a physical layer perspective.

Additionally the first drafts of the technical reports "UE positioning in UTRA TDD" (Tdoc R2-001610) and "UE positioning in UTRA FDD" (Tdoc R2-001723) are attached for information for RAN WG1 and WG3.
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Foreword


This Technical Specification has been produced by the 3rd Generation Partnership Project (3GPP).


The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:


Version x.y.z


where:


x
the first digit:


1
presented to TSG for information;


2
presented to TSG for approval;


3
or greater indicates TSG approved document under change control.


y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.


z
the third digit is incremented when editorial only changes have been incorporated in the document.


1
Scope


2
References


The following documents contain provisions which, through reference in this text, constitute provisions of the present document.


· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.


· For a specific reference, subsequent revisions do not apply.


· For a non-specific reference, the latest version applies.


[<seq>]
<doctype> <#>[ ([up to and including]{yyyy[-mm]|V<a[.b[.c]]>}[onwards])]: "<Title>".


[1]
3G TS 25.123: "Example 1, using sequence field".


[2]
3G TR 29.456 (V3.1.0): "Example 2, using fixed text".


3
Definitions, symbols and abbreviations


3.1
Definitions


For the purposes of the present document, the [following] terms and definitions [given in ... and the following] apply.


Definition format


<defined term>: <definition>.


example: text used to clarify abstract rules by applying them literally.


3.2
Symbols


For the purposes of the present document, the following symbols apply:


Symbol format


<symbol>
<Explanation>


3.3
Abbreviations


For the purposes of the present document, the following abbreviations apply:


Abbreviation format


<ACRONYM>
<Explanation>
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1
Introduction


Location services (LCS) in UMTS provide mechanisms to determine the actual geographical location of a user equipment (UE). The work item “Support of UE positioning in UTRA-TDD” defines air interface methods as a work item for R00. Some methods (measurements) utilising the UTRA-TDD air interface are presented in this document.


2
Air interface methods


The basic requirement for all methods using the air interface is that a sufficient number of signals from neighbouring cells must be reliably detected by the UE everywhere in the serving cell. Therefore the hearability problem has to be solved for all methods, especially if power control is applied.


All presented methods are based on observed time of arrival (OTDOA) measurements by the UE on signals sent by the NodeBs. Due to the distances between the transmitting and receiving sites the attenuation might prevent the detection of the signals. By switching off all downlink transmission in the serving cell for a short time period, this hearability problem could be solved. This idle periods approach is well known from the LCS methods for UTRA-FDD mode.


Due to the idle periods there might be loss of downlink capacity, but by applying an efficient resource management this loss can be minimised.


The position of the UE is determined by a position calculating function (PCF). This PCF requires the OTDOA measurement results, the positions of the cell transmitters and information about the timing differences between the cells.


In the following we present some possible methods for UTRA-TDD and discuss their advantages and disadvantages.


2.1
OTDOA based on SCH listening


The current definition of the SCH consists of the sum of one primary SCH (PSCH) and three secondary SCH (SSCH). Because of cell sync it will be possible to differentiate the primary SCHs on the basis of offset. This is large enough to be unambiguous with respect to range/location. Depending on the offsets, two or more PSCH transmissions heard by one UE may be partially overlapped in time. Thus the auto correlation properties of the PSCH are of concern. It may be possible to do all planning so that surrounding cells have non overlapping PSCHs but there are probably not enough degrees of freedom in the available number of time offsets.


Because of interference caused by traffic within serving and neighbouring cell and multipath propagation the UE might not be able to detect the PSCH of other than the serving cell. One possibility to overcome this problem may be to selectively blank all transmissions in the slot carrying the SCH (i.e. SCH and traffic) in the serving cell. 


However, the applicability and performance of this method, the possible improvement due to idle periods and the impact on the system (e.g. capacity loss) should be further investigated by RAN WG1


2.2
OTDOA based on BCH Midamble Detection


An OTDOA method based on BCH Midamble Detection is basically already available in release '99 by using the SFN-SFN observed time difference measurement. Although the BCH is transmitted at higher power as the PSCH and the midamble is twice as long as the sync code word of the PSCH, traffic of the serving and neighbouring cells and multipath propagation might prevent detection of enough BCHs of different cells by the UE. Idle Periods may possibly overcome this problem.


Again, the performance that can be expected from this method, the improvement by using Idle period and the impact on the system should be further investigated by RAN WG1.


4
Proposal


It is proposed to include a description of the above mentioned methods in the TR "UE positioning in UTRA TDD". Besides a liaison should be sent to RAN WG1 in order to ask them for further investigations of these and other possible LCS methods for UTRA TDD.
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Introduction


This paper presents in more detail the procedure for enhancing positioning measurements which is described in 25.305 4.5.4 OTDOA - Positioning Elements (OTDOA-PE) . Detailed simulation assumptions are presented in order to invite comments. Initial comparative simulation results are encouraging but are not presented here as refinement of the fixing algorithm and larger number of iterations are deemed necessary in order to increase agreement with IDPL results from other sources.


The OTDOA-PE method is based on transmission of symbols in the downlink at known times with regard to the timing of the serving cell Node B. These symbols are transmitted by PEs (positioning elements) which are placed in locations other than those of the Node B equipment. 


This procedure should have an advantage over the existing methods in certain environments or locations where other reference sources (Node Bs, satellites) may not be visible to the UEs such as may be the case at the edge of cellular coverage, indoors, and in rural areas. The PE method is proposed as optional to be used either in conjunction with other positioning methods or in isolation. The measurements are very similar to the ones required for OTDOA-IPDL and If supported by terminals an operator will have the choice of ignoring this capability, installing a few PEs in order to achieve positioning where it is not possible with other methods, or installing a significant number of PEs in order to achieve higher accuracy throughout the system.  


The positioning procedure


The PEs monitor the downlink and synchronizes to the transmissions of a Node B. Each PE is associated with a 256 chip code/symbol generated with the same procedure as the 16 S-SCH codes used in for the second step in synchronization. Each PE transmits its identifying symbol at predetermined instances within a downlink multiframe (as received at PE position). The PE coordinates are known to the network, so the multiframe timing at the PE position is known and consequently the transmission instances with regard to Node B’s timing is known. Measurement of the time of arrival of the PE symbols at a UE can be used as an additional OTDOA measurement or as a TOA measurement when the RTT measurement is available. 


Transmissions from PEs can be pre-configured or configured by the network which communicates with PEs as if they were UEs. Configuration involves transmission repetition patterns within a multiframe and transmission power. PE transmissions can be periodical – in every multiframe - to accommodate periodical positioning of mobiles, or on demand. In the latter case all PEs in a cell will belong to the same paging group and will transmit in response to the paging indicator being set for their group.


System issues


Given that PEs synchronize to base stations, are at known positions and transmit at precise offsets with regard to a base stations frame boundaries as seen at the PE, there is no need for measurements by the LMU. This would anyway have been very difficult due to the very short duration of PEs transmissions. 


Capacity loss in the downlink should be lower than with IPDL when PEs are used in a system that does not employ idle periods. Their transmitted power will probably have to be higher compared to when they only transmit within idle periods, but whilst idle periods guarantee data loss for all UEs in the cell this is far from true for PE transmissions.


The PE based method may also be the only method to achieve positioning when there are no other BTS to be heard even if the serving BTS pauses transmission, as may be the case at the edge of coverage, indoors, or in rural areas. In some of these cases such as indoors or in the presence of high rise building GPS may also be unable to offer a solution.


Positioning elements are of small volume (handset like) and are configured via the air interface. Their transmitted power will be in the order of handset transmissions, and they can be powered by small solar panels. No modifications are needed to Node B behavior. The very small size, independence from backhaul transmission, and low power requirements should help keep the overall cost of deploying them reasonable.


Simulation conditions


The main aim of the first phase of the simulations was to evaluate the potential for an increase in positioning accuracy when PE signals are present in idle periods and UEs can attempt to detect their timing in addition to detecting the timing of other base stations. 


The procedure was the following:


White noise at –99dBm was added to the signals from all but the serving base stations at the UE position and the result of timing detection procedure was recorded. Up to this point the procedure is identical to OTDOA-IPDL positioning. 


Subsequently, the PE signal is added to the overall signal received at the UE in each idle period and the detection procedure for each BTS is followed again and in addition correlations with the PE code are performed in order to detect the PE timing as well.


In this way any degradation in base station detection that the addition of the PE signal may incur is taken into account and the results present a fair comparison of overall accuracy with each individual measurement having used the exact same channel impulse responses, slow fading and noise conditions for both OTDOA-IPDL and OTDOA-IPDL-PE. 


The fixing algorithm is a Weighted Least Squares algorithm based on Taylor series expansion. The weights were based on correlator output related C/(I+N) estimates.


Idle Period Length

5 * 256 chips (5 symbols)



Average Frequency of Idle Periods

10 Hz



Number of Idle Periods 

10



Channel Model

T1P1.5 Models : Rural, Suburban, Urban B, Urban A, Bad Urban



Cell Radius: Urban, Suburban, Rural

1 km, 3 km, 20 km



Pathloss Model

beta + alpha * 10*log(range in metres)



        Urban : 

alpha = 3.52; beta = 29.03



        Suburban : 

alpha = 3.48; beta = 22.2



        Rural :    

alpha = 3.41; beta = 0.34



Signal Used for BTS detection

Common Pilot 



Signal Used for PE detection

a 256chip S-SCH-like code
repeated 3 times



Chip Rate

3.84 Mbits/s



Vehicle Speed

50 km/hr



BS Total (ERP)

43 dBm



Common Pilot Transmit Power

33 dBm



The PE transmitted power is an output parameter

30-36dBm



Lognormal Fading Sigma

8 dB



Number of Sectors

3 per site



The following assumptions have also been made:


· The reference for the OTDOA measurements is the signal from the serving site which is measured outside the idle periods and has no associated error. This should be inconsequential in view of the fact that we are interested in relative performance.


· When there aren’t enough measurements or the fixing algorithm fails to converge the estimate of the UE position becomes the center of the sector.


· No UEs are in handover


· The primary and secondary synchronization codes are included in the base station signals and each carry 5% of the base station power. Correlation in the idle periods is done using the base station scrambling codes with only the primary synchronization codes at the beginning of each slot. 


Simulation Results


Although our initial results indicate an improvement in performance, in absolute terms the performance for OTDOA-IPDL differs to that shown by Motorola and Ericsson. This could be associated with the multipath rejection techniques used and/or the fixing algorithm, both of which need to be further investigated. At this point, the statistical certainty of these results is low due to the insufficiently large number of iterations that have been performed. As soon as more comprehensive results become available they will be posted on the reflector.


Conclusion


Information has been provided on simulation assumptions for OTDOA-PE in order to invite feedback and also to explore the way forward on the assumption that results will show an increase in positioning accuracy or that it is acceptable as a viable solution for edge of coverage and indoor areas.
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1
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2
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<doctype> <#>[ ([up to and including]{yyyy[-mm]|V<a[.b[.c]]>}[onwards])]: "<Title>".


[1]
3G TS 25.123: "Example 1, using sequence field".


[2]
3G TR 29.456 (V3.1.0): "Example 2, using fixed text".


3
Definitions, symbols and abbreviations


3.1
Definitions


For the purposes of the present document, the [following] terms and definitions [given in ... and the following] apply.


Definition format


<defined term>: <definition>.


example: text used to clarify abstract rules by applying them literally.


3.2
Symbols


For the purposes of the present document, the following symbols apply:


Symbol format


<symbol>
<Explanation>


3.3
Abbreviations


For the purposes of the present document, the following abbreviations apply:


Abbreviation format


<ACRONYM>
<Explanation>
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