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Foreword

This Technical Report 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.

Introduction

OTDOA-SB employs advanced signal processing techniques, instead of periodically turning off base station transmissions as required by IPDL. 

With OTDOA-SB measurements of the downlink signal are taken simultaneously at the UE and at Node Bs whenever a position measurement is initiated. These measurements are combined using interference cancellation algorithms which are used to attenuate signals from interfering Node Bs, thereby allowing weaker (previously un-hearable) Node B signals to be measured and the observed time differences to be extracted. Multiple Node B signals may be blanked allowing even weaker ones to be measured. Once all the timings are known, the position is computed using the standard OTDOA position calculation algorithms (PCF).

Both UE-assisted (the position is computed by the network using measurements from the UE) and UE-based (the position is computed by the UE using assistance data supplied by the network) approaches can be considered.

The performance of Software Blanking is studied compared to the performance of IPDL: accuracy and robustness are to be evaluated. Its impact on the existing UTRAN architecture and on the Radio Network signalling and complexity are assessed.

1
Scope

The present document sets out the overall architecture and structure of Software Blanking. It describes the measurement, signalling and messaging requirements and presents an analysis of the performance achieved.

OTDOA-SB (OTDOA with Software Blanking assistance) is compared and benchmarked against the existing methods of OTDOA-IPDL. The key parameters considered in these comparisons include positioning accuracy and coverage (robustness and reliability). 
Architecture and signalling are studied for both UE-assisted and UE-based modes of operation, but the performance and complexity aspects are only studied for the UE-assisted mode.
Impacts on other aspects of UTRAN are considered too, including network impact, privacy issues etc.
2
References

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

 [1]
3rd Generation Partnership Project; Technical Specification Group Radio Access Network; Functional Specification of UE Positioning in UTRAN, 3GPP TS 25.305. 

[2]
3rd Generation Partnership Project; Technical Specification Group Services and System Aspects; Functional Stage 2 Description of LCS, 3GPP TS 23.271 V6.0.0.
[3]
3rd Generation Partnership Project; Technical Specification Group Services and System Aspects; Technical Report, Enhanced support for User Privacy in location services, .3GPP TR 23.871 V5.0.0.

[4]
Third Generation (3G) mobile communication system; Technical study report on the location services and technologies, ARIB ST9 December 1998.

3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the following terms and definitions apply.

Software Blanking: This refers to a signal processing function carried out predominantly in software in which one signal amongst many is independently blanked (attenuated or subtracted) to a significantly measurable extent from the composite signal without adversely affecting the remaining signals.

Snapshot: is used to refer to the sampled representation of the analogue signal that is the entire downlink. It is like a short recording of a portion of the signal without any reference to, or knowledge of, the way in which it was constructed or the data streams from which it is comprised.

3.2
Symbols

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

3.3
Abbreviations

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

OTDOA-SB
OTDOA with Software Blanking assistance

PCF
Position Calculation Function

4
System Architecture

The following different configurations for Software Blanking (OTDOA-SB) are described:

· UE-assisted, Blanking implemented in the network

· UE-assisted, Blanking implemented in the UE

· UE-based

4.1 UE-assisted positioning using OTDOA-SB

Software blanking (interference cancellation) algorithms are used to enhance the hearability (and thus performance) of OTDOA. In a simplistic way they may be considered similar to IPDL except that the stronger interfering Node B signals are removed using software interference cancellation algorithms rather than by physically inserting an idle period in the Node B downlink.

The software blanking function may be implemented in either the UE or the network. 
4.1.1 Blanking functionality implemented in the network
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Figure 1 - UE-assisted OTDOA-SB with Network-based blanking

Figure 1 is the block diagram for UE-assisted OTDOA-SB in which the SMLC is also responsible for the Software Blanking function. The Downlink Measurement function captures a “snapshot” representing the transmitted downlink and sends this to the SMLC.

The UE sends a measurement of its received downlink to the SMLC. The measurement is a block of samples, a “snapshot”, representing the received downlink signal. 
The Snapshot control function ensures that the UE and Node B “snapshot” measurements are all made at the same time.

The Interference Cancellation (Blanking) function in the SMLC uses the “snapshots” of the Node B downlink and the UE to extract observed time difference measurements from the UE’s data. Interference cancellation algorithms are used to “blank” Node B signals in the signal processing domain, thereby enabling timing measurements to be made of weaker Node B signals received by the UE. The SLMC has knowledge of the entire network and it can perform software blanking of many Node B signals. The observed time differences are extracted using the entire downlink signal, rather than only CPICH.
The PCF computes the position of the UE in exactly the same way as for OTDOA.

 

4.1.2 Blanking functionality implemented in the UE

A Downlink Measurement function captures a representation, “snapshot”, of the entire transmitted Node B downlink at a specific point in time. The measurement consists of a set of digital samples representing the transmitted signal in its entirety. The measurement is then sent to the UE as a block of assistance data (instead of inserting a physical idle period in the transmission).

A downlink measurement is also sent to the SMLC so that a timing reference for the entire network (all Node Bs) can be constructed.
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Figure 2 - UE-assisted OTDOA-SB with UE-based blanking

The UE captures a “snapshot” of its received downlink signal at the same time as the Downlink Measurement function is capturing its “snapshot”. Measurement co-ordination is distributed to the UE as assistance data.

The UE uses the assistance data (the downlink “snapshot”) as input to its software interference cancellation algorithms to perform Software Blanking of the corresponding Node B downlink signal. This has a similar effect to the insertion of an idle period by the Node B, but without requiring the downlink to be physically blanked.

The UE makes SFN-SFN type 2 measurements as for OTDOA and reports these to the SMLC where the PCF is able to compute the position of the UE.

This architecture is very similar to IPDL. Idle periods do not need to be inserted on the downlink.

4.2 UE-based positioning using OTDOA-SB

.Software blanking methods may also be applied to UE-based position calculation. The architecture of such a solution is illustrated in the block diagram Figure 3 below.

This approach is similar to that used in UE-assisted OTDOA-SB with UE based blanking, Figure 2, except that instead of the UE sending the SFN-SFN type 2 measurements to the SMLC, the SMLC sends assistance data containing the network time offsets to the UE. The UE does the position calculation using similar algorithms to those in the PCF within the SMLC.

This architecture is most suited to continuous tracking applications, or those requiring the position to be monitored at the UE. UE complexity is increased.

As for the UE-assisted methods using software blanking, there is no need for any physical idle periods on the downlink. However, the traffic requirements of the assistance data and positioning service need to be taken into account.
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Figure 3 - UE-based OTDOA-SB block diagram

5 Measurement Requirements

5.1 Introduction

Measurements representing the downlink signal are made simultaneously at the Node Bs and the UE. This is the transmitted downlink signal at the Node Bs and the received signal at the UE. Each measurement is a finite size and duration and is referred to as a “snapshot”.  

The measurements represent the analogue downlink radio channel, assumed to be the I&Q signals at base band sampled at twice the chip rate (7.68Ms/s). Since the measurements are made at the same time at the Node B and UE they represent the downlink signal at both ends of the radio downlink – transmitted and received.
 

Since the measurement represents the analogue downlink radio signal no knowledge of the data structures contained in it nor the physical modulation used is required by the downlink measurement function nor the PCF.

5.2 Network-based SB

Software blanking is performed in the network for the main UE-assisted mode. In this mode the UE sends a “snapshot” to the SMLC (RNC) which also receives concurrent “snapshots” from the Node Bs. The Software Blanking algorithms in the SMLC (RNC) measure the observed time difference offsets of the various Node B signals present in the “snapshot” from the UE, and these measured time differences are sent to the PCF which computes the location exactly the same as for OTDOA (and IPDL).

The following parameter ranges are required for the Node B and UE “snapshot” measurements:

	Parameter
	Requirement

	Snapshot duration
	768, 1024, 1280, 1536 chips

	Sample rate
	2 times chip rate: 7.68 Ms/s

	Sample resolution
	3, 4, 5 or 6 bits per sample

	Input signal
	Base band I&Q for downlink


Table 1 – Node B “snapshot” parameters

	Parameter
	Requirement

	Snapshot duration
	256, 512, 768, 1024 chips

	Sample rate
	2 times chip rate: 7.68 Ms/s

	Sample resolution
	3, 4, 5 or 6 bits per sample

	Input signal
	Base band I&Q for downlink


Table 2 – UE “snapshot” parameters

The desired characteristic is to minimise the “snapshot” size reported by the UE. The SMLC may manage the UE “snapshot” measurement by either:

· specifying a “snapshot” size (e.g. 1kB) and allowing the UE to choose the appropriate resolution, or

· requesting a specific “snapshot” format (length and sample resolution).

The choice of mode and the specific parameters is implementation dependent. Possible options are illustrated in the following table:

	
	256 chips
	512 chips
	768 chips
	1024 chips

	3 bit sampling
	384
	768
	1152
	1536

	4 bit sampling
	512
	1024
	1536
	2048

	5 bit sampling
	640
	1280
	1920
	2560

	6 bit sampling
	768
	1536
	2304
	3072


Table 3 – “Snapshot” sizes in Bytes

The green shaded area indicates the target operating range: 1kB to 1.5kB and good performance. The blue shaded area is available for lower performance requirements. The orange shaded area is allowed by the proposed parameter combinations but is not recommended due to increased uplink data load.

The Node B “snapshots” need to be configured to be longer than those reported by the UE to ensure that they span the entire duration of the UE “snapshot”. Assuming a variable UE “snapshot” length strategy, it is suggested that the Node B “snapshot” may be configured for a duration of 1280 chips. Using fixed format UE “snapshots” may allow tighter control of the Node B “snapshot” size for a small penalty in performance. A Node B “snapshot” resolution of 4 bits is likely to be adequate, unless 6-bit “snapshots” are reported by the UE in which case 5 or 6 bit resolution Node B “snapshots” may be required. This places the Node B “snapshot” size in the range of 2kB to 4kB typically. The precise configuration is implementation dependent.

5.3 Software Blanking in the UE

Software blanking is performed in the UE to enhance it’s ability to measure SFN-SFN type 2 time offsets. These may be reported to the SMLC (RNC) for operation in a UE-assisted mode or made be used internally by the UE to compute it’s own position (UE-based mode). 

The UE requires “snapshots” from certain Node Bs in order to perform Software Blanking. This data is obtained by requesting it as assistance data from the network. The SMLC (RNC) sends the UE one to four Node B “snapshots” according to the request from the UE. Since the UE is measures CPICH in this mode, there is typically 10dB less performance and the length of the “snapshot” needs to be longer than for the network-based software blanking approach. 

The following parameter ranges are required:

	Parameter
	Requirement

	Snapshot duration
	1280, 1568, 2048, 2560 chips

	Sample rate
	2 times chip rate: 7.68 Ms/s

	Sample resolution
	3, 4, 5, 6 bits per sample

	Input signal
	Base band I&Q for downlink


Table 4 – Node B “snapshot” parameters

	Parameter
	Requirement

	Snapshot duration
	1568, 2048, 2560, 3072 chips

	Sample rate
	2 times chip rate: 7.68 Ms/s

	Sample resolution
	4 to 8 bits per sample

	Input signal
	Base band I&Q for downlink


Table 5 – UE “snapshot” parameters

The parameters used in the UE are largely academic since the “snapshot” is never required outside of the UE.

5.4 Measurement coordination

In order for the software cancellation algorithms to be effective it is necessary for the measurement “snapshots” at the Node Bs and UE to be made “at the same time”. This means that the Node B and UE measurements are of the same signal, except that signal measured at the UE has been affected by the propagation channel between the Node B and the UE. The main coordination and timing functions are:

· Coordination of “snapshots” between Node Bs,

· Coordination of the UE “snapshot”,

· Accurate timing of the Node B measurements.

It is important that “snapshot” measurements are sufficiently well coordinated that there is enough overlap for the software blanking algorithms to be effective. The precision required for coordination may, therefore, be of the order of 20% of the “snapshot” duration.

6 Signalling and Messaging

6.1 Message flows

6.1.1 UE-assisted, blanking implemented in the network

The SMLC sends a request to the UE, for a SB “snapshot” measurement. The UE captures the “snapshot” at the required time and returns the measurement response to the SMLC. The UE does no processing of the measurement apart from essential formatting.

The SMLC computes the UE’s position based on the “snapshot” in combination with a set of measurements of the Node B downlinks. The resulting position along with quality and confidence indicators is returned to the CN and requesting application.
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Figure 4 - Message flow: UE-assisted, network based SB

6.1.2
UE-assisted, blanking implemented in the UE

The SMLC sends a request to the UE, for a SFN-SFN type 2 measurement. The UE, being able to support UE based SB may request SB assistance data from the SMLC as required. The UE captures a “snapshot” of its received downlink.

The UE measures the SFN-SFN type 2 time offsets using the SB assistance data to improve the measurements, and returns the results to the SMLC.

The SMLC computes the UE’s position using the SFN-SFN type 2 measurements exactly as for OTDOA. The resulting position along with quality and confidence indicators is returned to the CN and requesting application.
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6.1.2 UE-based

The SMLC sends a request to the UE, for a UE position measurement. The UE, being able to support UE based OTDOA-SB may request SB assistance data for specific Node Bs as required from the SMLC.  It also requests network assistance data such as Node B locations and time offsets, exactly as for UE-based OTDOA or IPDL.

The UE captures a downlink “snapshot”. It measures the SFN-SFN type 2 time offsets using the SB assistance data to improve the measurements.

Using the Node B assistance data (positions and timing offsets) the UE computes its position exactly as for OTDOA. The resulting position along with quality and confidence indicators is returned to the SMLC and thereby the CN and requesting application.
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6.2 Procedures

6.2.1 UE-assisted, Software Blanking in the Network

In response to a UE position request the SMLC (RNC) performs the following sequence of actions:

· It issues a “measurement request” for a “SB snapshot” type measurement to the target UE. The measurement request includes the required time of the measurement and measurement parameters.

· It issues a “SB snapshot” measurement request to all Node Bs in the vicinity of the UE, to be measured at the same time as the requested measurement from the UE.  This may not be necessary if Node Bs are configured to report these SB snapshots to the RNC periodically.

· The UE captures the “SB snapshot” measurement and reports this to the SMLC.

· The Node B “SB snapshot” measurements are reported to the SMLC.

· The SMLC applies to Software Blanking algorithms to the measurement set to extract observed time differences as observed by the UE.

· The resulting time differences are passed to the PCF in the SMLC, which computes the UE position and returns a response to the RNC.

6.2.2 UE-assisted, Software Blanking in the UE

In response to a UE position request the following sequence of actions takes place:

· The SMLC (RNC) issues a “measurement request” for an “SFN-SFN Type 2” measurement to the target UE. This request indicates the timing and availability of Software Blanking assistance data.

· The UE checks the viability of it’s basic OTDOA measurement and if necessary responds with a request for assistance data, “SB snapshot measurements”, for up to four Node Bs.

· The SMLC (RNC) issues a “measurement request” for a “SB snapshot” type measurement to the required Node Bs.   This may not be necessary if Node Bs are configured to report these SB snapshots to the RNC periodically.

· The Node Bs respond with the “SB snapshot” measurements, which the SMLC (RNC) send to the UE as the assistance data response.

· The UE completes the measurement of SFN-SFN offsets (using SB in the UE) and reports the “SFN-SFN Type 2” measurement to the SMLC.

· The PCF function in the SMLC computes the UE position and the SMLC returns a response to the original requestor via the RNC.

6.2.3 UE-based, Software Blanking in the UE

In response to a UE position request the following sequence of actions takes place:

· The SMLC (RNC) issues a “measurement request” for a “position” measurement to the target UE. This request indicates the timing and availability of Software Blanking assistance data.

· The UE checks the viability of it’s basic OTDOA measurement and if necessary responds with a request for assistance data, “SB snapshot measurements”, for up to four Node Bs.

· The SMLC (RNC) issues a “measurement request” for a “SB snapshot” type measurement to the required Node Bs.  This may not be necessary if Node Bs are configured to report these SB snapshots to the RNC periodically.

· The Node Bs respond with the “SB snapshot” measurements, which the SMLC (RNC) sends to the UE as the assistance data response.

· The UE completes the measurement of SFN-SFN offsets (using SB in the UE) and uses these within its internal PCF to compute its position.

· The UE reports it’s geographic position to the SMLC which is then passed to the original requestor via the RNC.

6.3 Interfaces Affected

Iub Interface

It is proposed that NBAP extensions extract Node B snapshots and return these to the CRNC. RAN2 saw no issues with Iub supporting such traffic.

Uu Interface

It is proposed that modifications will be required to the existing RRC procedures for OTDOA so that requests for snapshots from UEs can be made.  For SB in the UE, it should also be possible for the UE to request Node B snapshots.  Iur Interface

It is envisaged that the RNSAP protocol, is used pass Node B snapshots between bordering RNCs.

6.4 Signalling and Traffic requirements

6.4.1 Software Blanking in the network

Based on the measurement parameters in section 5.2 and the performance results in section 7 the typical “snapshot” sizes are as follows:

· 1 kB to 1.5 kB for the UE “snapshot” measurement

· 2 kB to 4 kB for the Node B “snapshot” measurements

This results in the messaging summarised below.

	Message
	Protocol
	Size
	Frequency
	Comments

	Measurement Request to UE
	RRC
	Similar to OTDOA
	Service request
	Include when snapshot should be captured  (similar to that for IPDL).

	UE measurement response
	RRC
	~ 1 kB
	Service request
	Instead of returning SFN-SFN type 2 results the UE sends a SB “snapshot”.

	Node B downlink measurements
	NBAP

RNSAP
	~ 4 kB
	Service request, optionally periodic
	Node Bs report SB “snapshot”  in addition to normal LMU measurements


Table 6 - Messaging summary for UE- assisted with SB in the network.

There is no need for “reference cell info” assistance data, (required for OTDOA) since this approach makes no attempt to determine which cells can or will be used in the position calculation. 

6.4.1.1 Proposed Transport Channels

The UE measurement response message is too large to be sent using RACH. Either  CPCH or a dedicated channel were alternative options that were considered acceptable. If the UE doesn’t have an existing DCH then RAN2 considers the best option is to establish a DCH connection for the purpose of signalling the snapshot request and the snapshot itself.   Signalling would probably use SRB#3 or SRB#4.

6.4.2 Software Blanking in the UE

Based on the measurement parameters in section 5.3 and the performance results in section 7 the typical “snapshot” size is 5 kB per Node B, and assistance data for three Node Bs will be required in approximately 50% of position attempts.

A typical assistance request (required for ~50% of location attempts) is likely to be for:

· 3 Node Bs, at 2560 chip duration and 4-bit sample resolution, giving a total assistance message size of 15kB.

The maximum sized assistance request possible would be 4 Node Bs at 2560 chip duration and 6-bit resolution giving a total message size of 30kB. The smallest request would be for one Node B at 1568 chips and 3-bit sample resolution for a message size just over 2kB. Neither is considered a realistic configuration, but used to illustrate the bounds of the message size.

This results in the messaging summarised below.

	Message
	Protocol
	Size
	Frequency
	Comments

	Measurement Request to UE
	RRC
	Same as OTDOA
	Service request
	

	Assistance data Request
	RRC
	Small
	~50% of Position service requests
	Requested by UE when OTDOA yields insufficient cells

	Node B downlink measurements
	NBAP
RNSAP
	~ 5 kB
	Service request
Optionally periodic
	Node Bs report SB “snapshots” in addition to LMU measurements

	SB Assistance data
	RRC
	~ 15 kB
	~50% of Position service requests
	“Snapshots” for up to 4 requested Node Bs


Table 7 - Signalling for SB in the UE

6.4.2.1 Proposed Transport Channels

The options for sending SB assistance data of size 2-30kB to the UE are DSCH or DCH or possibly HSDCH. As the number of position requests in the network increases it may be more efficient to send the SB Assistance data messages using DSCH, each block being receivable by a number of UEs requiring it. There already exist procedures for the MS requesting assistance data for OTDOA and A-GPS and these can readily be used. The option of broadcasting assistance data is unlikely to be reliable enough for general use.

7 Performance

7.1 Software Blanking Algorithm Requirements

The performance obtainable by the blanking algorithms depends on the quality of the input data (for example sample resolution), the specific algorithm used and the channel characteristics. 

The algorithms used may be broadly similar to the IC (Interference Cancellation) algorithms used in CDMA systems for multi-user detection (MUD). However unlike the IC algorithms used for MUD, these blanking algorithms start with a clean representation of the transmitted signal from each Node B: the “snapshot”.

Practical interference cancellation algorithms may be expected to achieve between 15dB and 25dB of blanking, and may be expected to blank several Node B downlink signals. 

In general the signal cancellation that can be achieved is dependent on two main controllable parameters:

· the algorithm implementation; and

· quantisation noise in the sampled signals.

The quantisation noise present in the UE snapshot is, in general, more critical that the quantisation noise present in the Node B snapshot. It has been established that the achievable signal cancellation approaches the quantisation noise limit of the Node B snapshot, and to within a few dB of the quantisation noise limit of the UE snapshot. Thus the achievable cancellation (with a good algorithm implementation) is approximately:

· -17dB for the strongest signal in Network-based SB, when 4-bit sampling is used at both Node B and UE. With 3-bit sampling the attenuation is reduced to approximately –11dB. Five and six bit sampling improves the headroom and with 6-bit sampling the cancellation algorithm may become the limiting factor.

· -21dB for the strongest signal in UE-based SB, when 4-bit sampling is used at the Node B and 8-bit sampling in the UE. With 3-bit Node B sampling the attenuation is reduced to approximately –15dB. 

7.2 Simulation Parameters
7.3
Hearability
7.4
Location Accuracy

7.5
Interoperability between different physical layer features

7.5.1
   Compressed Mode

7.5.2      Tx Diversity

7.5.3
Beamforming
7.6
Miscellaneous

7.6.1 FDD versus TDD considerations

7.6.2 UE connected state

UE positioning needs to work in all UE connected states: CELL_DCH, CELL_FACH, CEL_PCH and URA_PCH.
7.6.3 Roaming and Legacy issues

The impact of Software Blanking on legacy UEs and on roaming UEs and/or networks is expected to be nil.

The Network-based blanking architecture allows more sophisticated and advanced algorithms for UE positioning to be implemented in the network, using the same basic “snapshot” from the UE. 
7.6.4 Privacy and Security

Privacy is a significant issue for UE positioning. Software Blanking does not fundamentally alter OTDOA, so its impact of privacy and security issues is expected to be minimal.

7.6.5 Network Impact

8
SW Blanking Feasibility

8.2 Analysis of User Equipment Complexity

8.3 Analysis of UTRAN Complexity
9
Conclusions
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Hearability Analysis

A.2
Positioning Accuracy Simulations

A.3
The link between number of hearable sites and positioning accuracy
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� Note that various different implementations could be used to acquire the measurements. It is assumed that any such implementation will convert the measured data into the format described.






