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Introduction

The downlink plot structure was discussed extensively at RAN1#42bis, leading to the text proposal in [1]. It is clear that reference symbols and control information will be located in the first OFDM symbol per subframe. Unclear is whether reference symbols are also located in other symbols and whether such symbols are transmitted in every sub-frame. In this paper, we compare the pros and cons of two options; 

· Locating reference tones in two OFDM symbols (symbols 1,4) in every subframe

· Locating a primary reference symbol with enough energy for decoding of the control information in symbol 1, and allowing for the possibility of occasionally transmitting secondary reference tones in symbol 4 when the need arises.

Necessity for reference symbols in more than one symbol per subframe

At low speeds placing the reference tones on one OFDM symbol per sub frame allows sufficiently good performance for low and high order modulations, as shown in Figure 1. The evolved UTRAN should also function at higher speeds; i.e. support at least QPSK modulation. As shown in Figure 2, if interpolation between sub-frames is used, then locating reference symbols in one OFDM symbol of the sub-frame also functions up to 350km/h. However if interpolation between sub-frames cannot be performed, demodulation performance breaks down under such conditions.

Reasons why sub-frame interpolation might not be possible include:

· A macrodiversity E-MBMS subframe with SFN pilots succeeding a unicast frame.
· The terminal needing to make inter-frequency/RAT measurement in the succeeding subframe, as might be the case when travelling at high speed through the cell.
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Figure 1 Performance of TDM (i.e. reference tones in the first OFDM symbol only) and scattered (i.e. reference tones in two OFDM symbols) structures with and without availability of interpolation between subframes (QPSK) at 3km/h.
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Figure 2 Performance of TDM (i.e. reference tones in the first OFDM symbol only) and scattered (i.e. reference tones in two OFDM symbols) structures with and without availability of interpolation between subframes (QPSK) at 350km/h.
Functions of secondary reference tones

If “primary” reference tones are defined only in the first OFDM symbol, then secondary reference tones will need to be inserted where high speed users are present who may not be able to interpolate between sub-frames, to assist in their channel estimation. It should be noted that inserting such additional reference symbols represents an increase in pilot overhead since the reference symbols in the first tone must already have enough power and tone density for decoding for lower speeds. Furthermore some form of additional signalling would be required for indicating the presence/absence of a secondary reference. Although this overhead is likely to be small, it should not be entirely neglected since it is not clear how often e.g. measurements will need to be made.
For “dedicated” transmissions, the secondary tones need only be made available to a single terminal. However for common channels, the tones need to be made available to all terminals

Secondary reference tones may also be necessary for fulfilling some other roles; e.g. certain MIMO algorithms or for channel estimation of antennas 3&4 in the case of 4 antennas [2].

Thus secondary reference tones may be needed for fulfilling several different roles. For example, may be required for assisting channel estimation at high speeds, may be needed for multiple antennas or may be needed for other MIMO functions. Additionally, they may be dedicated to a particular user or common. 

If possible, the complexity or roles for the secondary reference should be reduced; i.e. if it is possible to avoid requiring occasional secondary references for channel estimation, this would simplify the uses and signalling for the secondary reference signal.

Power saving by the terminal

The main argument for locating sufficient energy for decoding of control information in only the first pilot symbol is power saving for the terminal. If the terminal is able to decode the control information and decide that there is no data scheduled for it, then it might be able to switch off its receiver for the remainder of the sub-frame, resulting in a saving in battery life. However it is not clear how realisable such a saving might be. After receiving the first symbol, the receiver must carry out demodulation and decoding processing in order to read the control information and determine that it has not been scheduled. It may then ramp down its receiver for some time, until the receiver is ramped up again ready for the start of the next sub-frame. To achieve a power saving, obviously the time left between the end of ramping down and the start ramping up must be larger than zero.
Furthermore, it is not clear whether all of the pilot and control information can really be located in the first symbol. If DL resources are insufficient, 2 symbols may be required for the power & control, resulting in only 5 OFDM symbols (0.35msec) remaining for potential power saving.

In the Release 6 specifications, the terminal has 1 slot (0.67msec) for  decoding of HS-SCCH information before it needs to receive HS-DSCH. Thus it is clear that to achieve a power saving, the terminal must be capable of decoding the (as yet undefined) control signalling within a considerably shorter time period than is the case for HSDPA.
Conclusion

· It is clear that there are some circumstances where high speed users need reference tones in more than one OFDM symbol per subframe in order to perform channel estimation

· The disadvantage of locating a “primary” reference signal in only one OFDM symbol and relying on the use of secondary reference tones where required is a small increase in pilot overhead as well as additional signalling and complexity.

· The advantage of locating a “primary” reference signal in only one OFDM symbol and relying on the use of secondary reference tones where required is a potential for power saving at the terminal via a “microsleep” mode. However it is not clear to what extent a terminal will be able to take advantage of such a facility.

Thus without having knowledge of the nature of the control signalling and the decoding delay, it is preferable not to default to a one symbol primary + occasional secondary solution as this leads to some overhead and complexity increases. On the other hand, if it can be demonstrated that there is genuinely a power saving possibility at the terminal, this should not be ignored and may outweigh the disadvantages of a one symbol primary reference/control solution.

Thus the recommendation is to assume for the time being primary reference tones in two symbols as the default until more is known about the control signalling overhead and the potential for terminal power saving.
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