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Introduction

This is a resubmission of document R3#99J43.

Time-Aligned IPDL is a specific configuration of IPDL where the idle periods of node Bs are forced to be quasi- synchronised, and selective transmission is applied to the relevant pilot channels during these periods. This can be used to improve visibility of pilots, either via improvement of C/I or via step-up of the pilot power in these periods.

A network operating IPDL could ideally be configured at will to run in TA mode in the whole or part of its coverage area. The operations performed by the UE are very similar whether TA mode is used or not.

In principle, TA operation requires some additional signalling in the UTRAN. This document describes Standard IPDL and Time-Aligned IPDL, and discusses the signalling messages related to control of idle period timing. It is concluded that, for both the Iub and the Iur, the additional signalling for TA is a negligible fraction of that required to support OTDOA-based LCS.

For additional information on LCS, the reader is directed to the draft Stage 2 description [1], and a description of TA-IPDL [2,3].

Brief Description of IPDL and TA-IPDL

In this section, we discuss the basic rationale for imposing idle periods on node B transmissions for LCS purposes.

In general, it is necessary for the UE to be located to have visibility of at least 3 sites, and preferably more. In this context, ‘visibility’ implies a C/I sufficiently high to be able to measure a Time of Arrival for the CPICH with low error (e.g. an error typically less than 100 ns would be desirable). Even in good C/I conditions, accuracy will also be limited by the multipath characteristics of the radio channel.

In standard IPDL, each node B stops transmitting (idle period) for e.g. 5 symbols (of 256 chips), during which time the served UEs are able to measure more accurately the time of arrival of surrounding pilots. Typically, an idle period might be inserted in each node B every 100 ms, enabling sufficient number of measurements for location to be made within a few seconds, whilst having a small impact on radio (and capacity) performance.

The measurements made by the UE are returned to the Position Calculation Function (PCF) which typically would be located in the RNC. To carry out the calculation, the PCF needs in addition a precise measurement of the timing offsets between the pilots of the node B’s at the point of transmission (assuming the general case where there is no attempt to synchronise these). Such offsets are estimated based on measurements by specific units (LMUs, or Location Measurement Units). The LMUs can be colocated with some (or all) node B’s, or alternatively they may be remotely located. It is important to note that errors in the measurements made in the LMUs are directly translated into location errors, and therefore such errors need to be kept to low levels (ideally also below 100 ns, corresponding to 30 m). Thus the location system must know the timing offsets between pilot transmission times at adjacent node B’s to a sub-chip precision. It should also be noted that the rate of signalling of the information from the LMUs will depend on frequency stability of the node B’s .

In standard IPDL, the length and repetition rate of idle periods in each node B can be configured from the RNC (as well as other relevant parameters). However, there is no attempt to coordinate the idle periods in any way. In fact, independent pseudo-random jitter is applied at each node B to avoid ‘idle period clash’ in neighbour sites.

In the proposed Time Aligned configuration of IPDL, the idle periods are instead coordinated such that they will occur at substantially the same time at the antenna outputs (subject to timing precision of the idle period control, and accuracy of LMU information). During this ‘common’ idle period each node B has the option to transmit the CPICH with a certain (configurable) probability. Thus the only radio activity in idle periods will be due to the CPICH. In addition for each usable period for a particular node B (where that node B transmits), only some neighbour node B’s are active (and this set will change at different idle periods).

In general, location accuracy is improved for the same measurement time due to the much better C/(I+N) of the signals in the idle periods used for location measurements. Depending on the probability of pilot being transmitted in the Idle Periods, the UE will in general need to make fewer TOA estimates. Location performance is independent of system load. Finally, the level of the CPICH during the idle period can be increased to provide extra range in rural areas [4] (or to provide location capability indoors in urban or suburban areas).

It should be stressed that the functionality of the node B, UE and LMU are quite similar whether time alignment is used or not, and hence TA is basically an optional configuration of the IPDL technique. This is suitable for areas with high traffic load or alternatively where base station density is low and/or where indoor LCS is a requirement.

Basic requirements for Time Alignment

Idle period alignment requires that the timing of insertion of Idle Periods at each node B site be controlled, ideally to a resolution of less than half of one CPICH symbol period, i.e. 33.33 (s. Due to drift between different node Bs, these offsets will need to be tracked and compensated at regular intervals. Typically, the update rate will be slow, and is discussed later.

Summary of relevant intra-RNC signalling exchanges for positioning

In the following, we consider only the signalling related to timing control aspects, and idle period insertion. Thus there is no consideration of the protocols and functions required for LCS in general within the UTRAN [1], which in any case are assumed to be identical for all methods.

Figure 1 provides a schematic of the main LCS functional entities, and their possible mappings to UTRAN entities, plus respective interfaces.
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Figure 1 LCS Functional Entities
Below we briefly discuss the relevant signalling flows with emphasis on the Iub interface.

S-RNC to LMU and LMU to S-RNC: the basic function of the LMU is to provide the calculation functions with a precise (sub-chip) measurement of the timing differences between pairs of neighbour base sites as seen at the LMU’s location. Each measurement should of course be referred to a known timebase (e.g. the SFN of the node B). Measurements could be provided to the RNC on a regular basis, on demand, or when excessive drift is detected by the LMU.

The report provided should include the timing relationships between the reference node B and each visible neighbour, in the range 0-10 ms. SFN frame number offsets could also optionally be measured, though these will generally be available through other means (e.g. via mobile reporting, or already existing internal UTRAN measurements). In an alternative LMU implementation, the LMU reports absolute time of frame boundaries of each neighbour from a common reference timing source at the LMU's, such as GPS.

For LMUs resident in the node B, reports are provided to the S-RNC via the Iub interface. Other LMUs will require signalling via the Uu interface. The signalling rate is dependent on the mode of operation. Assuming regular updates, it is a function of the absolute and relative clock stabilities. 

For simplicity, we take the case of an LMU without GPS time. The worst case of BTS oscillator stability is (0.05ppm, and therefore the worst case slippage between node Bs is 0.1ppm. This equates to a minimum update interval of 1 second for 100 ns precision. However, if the network is locked to a common oscillator, a much lower level of updates will be required. For example, a study of required LMU update rates in a commercial GSM network [5] has suggested that an interval between updates of 5-10 minutes is sufficient in practice.

S-RNC to Node B and Node B to S-RNC: The purpose of this signalling is to control the insertion of idle periods. These must be inserted according to an algorithm that can be reproduced by the UE. The control parameters must also provide enough flexibility to enable different configurations depending on operator requirements. These configurations may be different in different node B’s, and may also be changed depending e.g. on traffic load, location request rate, etc. Note that in this context there is no need for Node B to S-RNC communication, except perhaps for acknowledgements.
In the standard IPDL case, the update rate will be a function of changing LCS requirements.

In the Time Aligned configuration, the update rate will be a function of the clock stabilities in the node B’s and is therefore closely related to the LMU signalling rate discussed above. The RNC uses the timing offset information collected by the LMUs along with knowledge of the SFN offsets to maintain rough alignment of the idle periods. This information is available ( from LMU reports ) to a high level of precision. However, precise alignment is not required, and it is assumed that the idle period timing can be set in steps of 128 chips.

The signalling can be absolute (related to frame / symbol in each node B or cell) or differential (step change from current timing). This will affect the length of messages. Absolute signalling would only be required infrequently, or when configuration parameters are changed, as for standard IPDL. Thus the additional signalling messages for Time Alignment will be very short (useful payload could be as low as 6 bits, enabling a maximum single shot adjustment of ±1 ms in half symbol precision).

The signalling rate for these corrections is a function of the absolute and relative clock stabilities. 

For simplicity, we assume an implementation where there are some LMUs with UTC (GPS) capability. Combining these with relative timing measurements, it is possible to estimate the deviation from a desired absolute time for the idle periods at each node B. 

The worst case slippage for a particular node B is 0.05 ppm. Assuming that we start from an aligned steady state, a differential adjustment should be applied when the slippage exceeds ¼ of a CPICH symbol, or 16.7 μs (since the resolution of idle period insertion is half a symbol). This equates to a minimum update interval of over 5 minutes. If it is assumed that the oscillator phase offset builds up at uniform rate, then the minimum interval between updates would be 10 minutes.

However, as with the LMU, if the network is locked to a common oscillator, a much lower level of updates will be required. The critical aspect is that the Time Alignment command is required at a rate which will be at least 300 times lower than that required for LMU to S-RNC signalling. These commands are also not time-critical, larger offsets could be tolerated with gradual performance degradation.
S-RNC to UE and UE to S-RNC: As mentioned above, we only consider the transactions associated with timing and idle slot control. In this context, the UE needs to know when the idle periods occur with respect to a known reference (e.g. SFN, slot and symbol of serving cell), the length of the idle period, etc.

There are some subtle differences between Time Aligned and Standard IPDL in this respect. In standard IPDL, the idle period events can be precisely defined within each cell according to a known algorithm, but will change from cell to cell. In Time Aligned operation, an idle period event can occur at any time with respect to cell timing, so a reference has to be signalled to the UE. However, once this is known, the UE can track the idle periods without further information as it moves about the network. 

Additionally, in TA mode it will be useful for the UE to measure the time of arrival of a neighbour pilot only when this pilot is transmitted during the idle period. This enables a reduction in UE processing by typically a factor of 3, but will require signalling of neighbours’ seeds for pilot random activity.

The exact signalling messages, which in both cases would also include neighbours’ code phases, are yet to be defined. Equally, it is not defined whether the signalling will be dedicated or broadcast. Some of the messages are common, whilst others are specific to one of the modes, but it is unlikely that the overall Uu load will be substantially greater for the TA mode.

Iur Signalling

It is possible for time alignment to be implemented intra-RNC only. In this case, there is no additional Iur signalling. The penalty for this is that, in RNC border areas, only some of the neighbour cells would have idle periods time-aligned with the UE’s current serving cell. Therefore, the performance would be somewhere in between time-aligned and standard modes.

It is also possible to force time alignment inter-RNC’s. The easiest way to achieve this is to define the desired occurrence of idle periods in terms of UTC (e.g. for 100 ms inter-period intervals, the idle periods should start when the sub-second component of UTC is a multiple of 0.1 s). Signalling is only required when the configuration is changed, and is therefore negligible. 

Conclusions

This document has considered intra- and inter-RNC signalling to transport timing information in support of location and idle period timing control.

It is clear that the time alignment of idle periods requires some additional Iub signalling which is not required in standard IPDL operation. However, when compared to the Iub signalling required for both methods in order to maintain knowledge of relative timing information, it is clear that the additional load is virtually negligible. The support of Time Alignment of idle periods increases the LCS-related Iub load by under 1%. This is even less when we take into account the fact that most timing adjustments will be differential, and that in most cases additional slippage could be tolerated.

For the Iur, there is virtually no load increase even when inter-RNC alignment is implemented.

In return, time alignment can

· improve the visibility of surrounding pilots in C/I limited environments

· improve the visibility of surrounding pilots in noise limited environments via power step-up

· reduce the number of UE operations, particularly in idle mode

In any case, the operator would be able to configure the location system so as to time-align or not the idle periods in different areas, fine tuning the QOS of the location system.

Proposal

It is proposed that a liaison statement is sent to WG1 stating that WG3 finds no significant difference between the two modes with regards to Iub and Iur signalling. WG3 can therefore accommodate support of either or both modes of operation for LCS, and it is a WG1 decision as to the precise solution.
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