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1. Introduction and Scope

This document presents a summary of the performance of Software Blanking (OTDOA-SB). It is provided to RAN2 as well as the proposed choices of measurement parameters.

2. Performance Summary

The hearability distribution results presented in Figure 1 below show comparative performance of OTDOA-SB, OTDOA and IPDL, based on common simulation assumptions as follows:

	Parameter
	Value

	Cell site distribution
	Regular hexagonal

	Cell separation
	2.8km, Suburban environment

	Sectorisation
	3 sectors, 120(

	Antenna gain
	16dB

	Antenna orientation
	Same for all corresponding sectors

	Node B antenna height
	20m

	UE antenna height
	1.5m

	Radio path loss model
	Hata

	Downlink power
	+39dBm to the antenna coupler (static)

	CPICH power
	10% of Node B transmit power

	Traffic
	Static network loading

	UE Mobility
	Stationary

	Receiver noise figure
	6dB

	OTDOA Detection threshold

	13dB

	Network-based SB Detection threshold
	11dB

	UE-based SB Detection threshold
	13dB

	OTDOA integration time
	50 CPICH symbols

	IP-DL integration time
	10 CPICH symbols

	Network-based SB integration time
	2 CPICH symbols

	UE-based SB integration time
	10 CPICH symbols

	IP-DL attenuation
	20dB for attenuated mode IP-DL


Table 1 - Hearability simulation parameters

	Parameter
	Assumption

	Snapshot length
	512 chips, 2 CPICH symbols

	Snapshot sample rate
	2 x chip rate

	Node B snapshot quantisation
	4 bits per sample, I & Q

	UE snapshot quantisation
	4 bits per sample, I & Q

	UE snapshot size
	1 kB

	Maximum blanking iterations
	3

	Attenuation factors
	15dB, 10dB, 5dB respectively


Table 2 – SB implemented in the Network

	Parameter
	Assumption

	Snapshot length
	2560 chips, 10 CPICH symbols

	Snapshot sample rate
	2 x chip rate

	Node B snapshot quantisation
	4 bits per sample, I & Q

	UE snapshot quantisation
	8 bit or greater, I & Q

	Total Node B snapshot size
	5 kB

	Maximum blanking iterations
	3

	Attenuation factor for strongest
	20 dB

	Attenuation for second strongest
	< 12dB | 0dB >


	Attenuation for third strongest
	< 5dB | 0dB >


	Assistance threshold for request mode
	20dB


	Assistance request level
	4



Table 3 - SB implemented in the UE

Table 2 and Table 3 show the simulation assumptions that are specific to the Software Blanking algorithms.

It can be clearly seen that these assumptions yield good performance, with the Network-based SB solution yielding significantly better performance than OTDOA or IPDL
. UE-based SB yields a similar performance to IPDL, but without the drawback of physically inserting idle periods in the downlink transmission.
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Figure 1 - Comparison of Hearability distributions for OTDOA based methods, suburban

Simulations for other environments and network configurations have also been performed and they show similar comparative performance between the different methods. These results can be presented to RAN WGs as and when required.

Simulations of different snapshot lengths show that halving the duration to 256 chips reduces Network-based SB performance to a level comparable with IPDL. Doubling the snapshot duration to 1024 chips gives it a big performance margin. The performance of IPDL integrated non-coherently over 3 to 5 idle periods still falls short of the performance of SB at the 95% level.

Simulations of different sample resolutions show that by constraining the snapshot size to be constant and using different combinations of duration and sample resolution yields similar performance. Different configurations tend to be more suitable for different RF environments, but overall provide similar performance.

3. Positioning Accuracy

The results presented in the previous section are only a hearability assessment. Detailed simulation of accuracy is far more complex and beyond the scope of this paper, but the general results (drawn from simulations and field test data [1]) can be summarised as follows: (Note that these results are for calculations only within the coverage area and exclude data points where insufficient sites are hearable.)

	Method
	67% accuracy range
	95% accuracy range

	Estimated Coverage

	OTDOA
	15m – 30m
	
	70%

	OTDOA-IPDL
	15m – 25m
	30m – 80m
	85%

	UE-Based OTDOA-SB
	15m – 25m
	30m – 70m
	85%

	Network OTDOA-SB
	15m – 25m
	25m – 50m
	95%


Table 4 - Positioning accuracy, suburban environment

4. Signal Cancellation

The hearability simulations are based on assumed signal cancellation performance, and are, therefore a simplification. The positioning accuracy simulations use an actual implementation of a cancellation algorithm.  Simulations, laboratory tests and limited scale field tests have confirmed that signal cancellation in excess of 15dB to 20dB can be achieved under multipath and non-LoS conditions, such as those encountered in Urban environments.

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. 

5. Node B Downlink Measurement

A measurement representing the transmitted downlink signal is made for each Node B. Each measurement is referred to as a “snapshot”. Based on the performance results achieved, two different snapshot configurations have been used as the baseline:

· 512 chips duration at 4 bits per sample for SB in the network.

· 2560 chips duration at 4 bits per sample for SB in the UE.

Whilst these are the baseline comparative parameters used it is desirable to have some degree of configuration flexibility available to applications and implementers. Therefore the following ranges of duration and sample resolution are proposed:

	Parameter
	Configuration Range

	Snapshot duration
	512, 768, 1024, 1280, 1568, 2048, 2560, 3072 chips

	Sample resolution
	3, 4, 5, 6 bits per sample (I & Q)


Table 5 - Proposed Node B snapshot parameter ranges

6. UE Measurement

When SB is implemented in the UE, the measurement is an internal parameter so in terms of the messaging requirements only configurations for SB implemented in the network need to be considered. The following parameter ranges are proposed:

	Parameter
	Configuration Range

	Snapshot duration
	256, 512, 768, 1024 chips

	Sample resolution
	3, 4, 5, 6 bits per sample (I & Q)


Table 6 - Proposed UE snapshot parameter range

7. Measurement Strategy

The SMLC controls the measurements. The strategy used may differ depending on whether Network-SB or UE-SB or both are supported:

7.1. Network-based SB Strategy

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), or

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

The choice of mode and the specific parameters (from the choices in Table 6) 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 7 - 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 high uplink data load.

The Node B snapshots need to be configured to be larger than those reported by the UE to ensure that it spans the entire duration of the UE snapshot. Based on 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.

7.2. UE-based SB Strategy

In the UE-based SB mode the UE requests assistance data as required. It is proposed that it may request assistance data for up to four Node Bs. Based on simulation results a snapshot duration of 2560 chips yields adequate performance: a range of 1568 to 3072 chips is being proposed. The UE assistance data request also specifies required resolution in the range 3 to 6 bits.

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 3072 chip duration and 6-bit resolution giving a total message size of 36kB. The smallest request would be for 1 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.

The precise formats and strategies used for providing assistance data are implementation dependent.

8. Conclusions

This paper has presented a brief summary of the performance achievable by OTDOA-SB, and has proposed parameter types and ranges for the measurements required.

9. Recommendation

RAN2 is requested to submit this paper to RAN1so that they can begin to study OTDOA-SB.
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� The detection thresholds have been set to achieve a “false alarm rate” of around 2.5%.


� When the UE is unable to obtain assistance data 0dB attenuation is used.


� When the UE is unable to obtain assistance data 0dB attenuation is used.


� It is assumed that Node B signals which are more than this threshold below the strongest cannot be identified by the UE, and therefore it is unable to request assistance data for them. 


� It is assumed that when the UE can hear this many distinct Node Bs or more, no assistance data will be required as a position using conventional OTDOA can be calculated.


� Note that the relatively good performance of OTDOA is because of the use of a 50 symbol integration time, compared with 10 symbols for IPDL.


� Does not include fall-back to ECID and/or intelligent solutions based on partial measurements.


� The main reason that different snapshot durations are required is because when SB is implemented in the network the timing differences can be measured using the entire downlink signal, whereas when it is implemented in the UE timing difference are measured using only CPICH – typically 10dB less performance.





