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1. Introduction

This document describes a proposal for a modification to IPDL. For a good summary of the IPDL positioning method refer to Tdoc: “R4-011306 UE Positioning with OTDOA-IPDL, Nortel Networks, TSG RAN WG4 #19, September 2001.”

This proposal involves two changes to IPDL:

1. Modification of the downlink signal transmitted during the Idle Period

2. Time Alignment of Idle Periods transmitted by different Node Bs.

The UE Positioning architecture is unchanged: The measurement request is unchanged and the measurement report (SFN-SFN Type 2) returned by the UE is unchanged.

Some of the features of the proposed modification are:

· Positioning performance is no longer dependent on the network load,

· SFN-SFN Type 2 measurements can all be made during the idle period (in standard IPDL it is necessary to measure the serving site separately),

· The implementer can use advanced CPICH cancellation algorithms to further enhance performance. It is not envisaged that such cancellation methods form part of the standards but that the structure of the idle period facilitates improved solutions according to the implementation requirements.

2. Proposed Idle Period Structure

In standard IPDL each Node B attenuates its downlink signal to a level no greater than 35dB below the maximum transmit power whenever an Idle Period is inserted. The idle periods occur pseudo-randomly with each transmitter site using a different sequence to ensure that idle periods from different geographic locations do not coincide. All Node Bs at a particular site need to insert their Idle Periods concurrently.

It is proposed that instead of attenuating the entire downlink signal during Idle Periods, all channels except for CPICH are turned off, leaving CPICH to be transmitted alone at its normal level. Thus CPICH is transmitted continuously whereas the other physical channels are turned off for the duration of the Idle Period. There is no need for real time power control of the downlink transmitter.

3. Time Alignment of Idle Periods

Since the modified Idle Period contains precisely and only the signal used for positioning, CPICH, maximum benefit is obtained from aligning Idle Period transmissions across a geographic region of the network. Thus during the Idle Period all Node Bs used for positioning a UE will be transmitting only CPICH. This gives the best possible opportunity for robust position determination, and the UE can make all necessary SFN-SFN Type 2 timing measurements at that one time during the common idle period.

There are different ways in which time alignment of the idle periods may be achieved. In a Node B having an absolute time source available, such as from GPS, they may be inserted relative to GPS time. However, it is more likely that the CRNC will monitor, configure, and periodically update, the time at which idle periods are inserted at each Node B based on, for example, its local clock. It should be noted that in order for the RNC (or SMLC) to perform OTDOA based positioning the precise time offsets between Node Bs has to be known. These are obtained in the standard 3GPP architecture using, typically, either a GPS time source or LMUs. There is thus no difficulty in determining the offsets that will cause them to be time aligned.
There is no requirement for synchronisation of the Node Bs. Idle Periods are inserted offset relative to the downlink frame structure. This offset is signalled to the Node B and the UE.

Alignment accuracy of Idle Periods need only be coarse: half a CPICH symbol ((33.3(s) is proposed. Thus the task of aligning Idle Periods is relatively easy, and is likely to be infrequent.
4. Enhanced Processing in UE

Given that the UE “knows” precisely what signal was transmitted by each Node B during the Idle Period it is possible to implement “CPICH cancellation” algorithms that reduce the interference of the stronger Node B signals, thereby making the weaker ones easier to measure. Several Node B signals can be attenuated in this way.

The UE knows exactly what signal was transmitted by a particular Node B, but it does not know the characteristics of the radio channel between the Node B and UE. Cancellation algorithms may be implemented in several different ways. A classical approach may involve estimating the channel characteristics, using that to estimate the Node B signal received at the UE and subtracting it. Similar techniques are used in Multi-user detection and CPICH mitigation type algorithms. However, for positioning the cancellation is performed as a one-off function executed only when a position measurement report is requested.

Since the UE positioning measurement is performed on a time limited set of data transmitted during the Idle Period, the implementation could perform the signal processing off-line having captured a block of samples representing the received downlink signal. For a 5 CPICH symbol Idle Period and a sampling rate of twice the chip rate this equates to just over 2.5k samples.

It is envisaged that the implementation of such CPICH cancellation algorithms will be at the discretion of the implementation and not part of the Standards. Performance analysis presented to RAN1 has shown that the performance achieved using the proposed method without any CPICH cancellation algorithm (such as in a legacy UE) is roughly equivalent to the performance achieved by IPDL on a fully loaded network. The performance when CPICH cancellation is implemented can be significantly better than IPDL.

5. Potential Standards Changes Summary

25.305 V5.6.0, Stage 2 functional specification of UE Positioning in UTRAN.

Overall architecture UE positioning functionality is unchanged so any changes are likely to be purely editorial.

25.104 V6.2.0, Base Station radio transmission and reception (FDD).

The IPDL time mask section will need to be changed to reflect the new structure of the Idle Period.

25.423 V5.6.0, UTRAN Iur interface RNSAP signalling.

An update of the IPDL signalling parameters to support time aligned Idle Periods will be required.

25.433 V5.5.0, UTRAN Iub interface NBAP signalling.

An update of the IPDL signalling parameters to support time aligned Idle Periods will be required.

25.133 V6.2.0, requirements for support of radio resource management (FDD)

An update will be required to bring it in line with the signalling specifications.

25.214 V5.5.0, Physical layer procedures (FDD)

An update will be required to bring it in line with the signalling specifications.

25.331 V5.5.0, Radio Resource Control (RRC) protocol specification.

An update will be required to bring it in line with the signalling specifications.

25.224 V5.5.0, Physical layer procedures (TDD)

No change anticipated.

25.453 V6.1.0, PCAP signalling.

No change anticipated.

6. Topics for further study

The following topics should be studied in more detail:

· Signalling support for Time aligning Idle Periods

· Performance comparison with standard IPDL. This is currently being studied in RAN1.

