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1. Introduction

This paper discusses some of the aspects that need to be taken into account when selecting the reference-signal (“pilot”) structure for E-UTRA, primarily from an OFDM downlink perspective. Three different functions for downlink reference signals are considered:

· Reference signals for synchronization

· Reference signals for CQI estimation

· Reference signals for demodulation

This document discusses the different functions that the reference signals need to support and the implications these functions may have on the reference-signal design.

One important benefit with E-UTRA is flexible spectrum utilization. Only a part of the spectrum allocated (for example only 600 kHz out of 1.25 MHz) may be used, e.g., to support a smooth migration of 2G spectrum [1]. Hence, it is required that the reference signals are not restricted to any particular subset of frequencies. 

Furthermore, the amount of reference signal overhead should be kept as low as possible. Different reference-signal patterns could be envisioned, e.g. depending on the multi-antenna schemes supported, although it is desirable to avoid flexibility unless absolutely necessary.

2. Reference signals for synchronization

At power-on, the synchronization reference signals are used to:

· acquire frequency synchronization (adjust for frequency offset of the mobile oscillator);

· identify the best cell the mobile should be served by;

· acquire the frame timing synchronization to the best cell;

· provide a mechanism to determine the ID of the best cell, e.g. a pointer to where the mobile can find the ID. 

The UE shall be able to carry out this properly also at high speed, i.e. when experiencing high Doppler spread. To speed up the synchronization process, a hierarchical approach to identification of the ID of the best cell (similar to the primary synchronization and secondary synchronization in WCDMA) is desirable.

Reference signals for synchronization need to be transmitted covering the whole cell to ensure that the UE is able to synchronize to the downlink regardless of the position within the cell. The decoding of the broadcasted system information, if applicable, should be possible using the synchronization signal.

3. Reference signals for channel-quality estimation

Reference signals for channel-quality estimation are used to estimate the downlink channel quality for

· link adaptation (selection of modulation and coding scheme, power control),

· channel-dependent scheduling (selection of which chunks to allocate to what user),

· beam steering, beam selection, and antenna selection (depending on what advanced multi-antenna scheme(s) E-UTRA will support).

Experience from HSDPA indicates that channel-dependent scheduling is feasible at low speeds, e.g., up to 10-20 km/h. Reference signals for channel-quality estimation should therefore not be designed for high Doppler scenarios. Assuming a minimum feedback delay in getting CQI reports from the UE to the scheduler in the Node B of around 3 frames, the feedback delay is approximately 1.5-2 ms, depending on the chunk duration. Designing for a feedback delay of 1/5 of the correlation time of the channel as an example, the maximum speed of the mobile (at 2 GHz) is around 10 km/h. 

Frequency-domain scheduling over chunks is only feasible as long as the frequency response of the channel is relatively constant over the bandwidth of one chunk. For example, if the correlation coefficient between the frequency response of the channel at two frequencies separated by 200 kHz (assumed to be the approximate chunk bandwidth) should be 0.95, the maximum delay spread of the channel must be less than 0.5 (s for an exponentially decaying power-delay profile (with 0.85 correlation coefficient, the allowed delay spread increases to 1 (s). 

In summary, reference-signals for channel-quality estimation should be designed to enable channel dependent scheduling for delay spreads up to approximately 1 (s (depending on the chunk size) and mobile speeds up to 10-20 km/h. This implies that reference signals for channel-quality estimation can be made sparse in time and in frequency (much sparser than the pilots used for demodulation). Note that, in case of beam forming, the reference signals for demodulation may only be transmitted in the beam for the intended user and not be received by non-scheduled users. This may motivate the requirement for having separate reference signals for channel-quality estimation and for demodulation. 

4. Reference signals for coherent detection

Reference signals for coherent detection must enable the mobiles to successfully demodulate the following channels on the downlink:

· broadcast/multicast transmissions that will be transmitted as one stream (from one antenna) to all mobiles in the cell;

· unicast transmissions, which will be transmitted as one or several streams, possibly also beamformed, to the intended UE. 

With packet data transmission on the downlink, the statistics of the noise+interference will most probably change from frame to frame. As an accurate interference estimate is important for the demodulation performance, the structure should allow for interference estimation independently for each chunk. Different (user-dependent) structures in each chunk is beneficial in some situations and should be considered [2]. This leads to the following requirement for the reference signals for coherent detection (both for unicast and broadcast channels):

· Each transmitted chunk on the downlink must contain a reference signal allowing the terminal to accurately demodulate the frame using the reference signal in this frame only. 

Note that this requirement does not preclude the possibility for the terminal to perform averaging in many cases, at least of the “C” part in C/I, to further improve the demodulation performance.

5. Conclusion

In E-UTRA, reference signals (“pilots”) will be used for (at least) three different purposes:

· synchronization,

· CQI estimation,

· demodulation.

This document has discussed some of the requirements set on the reference-signal design by the three purposes. It is recommended to take these aspects into account when designing the reference-signal structure for E-UTRA.
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