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1 Introduction
It is assumed that the LTE system operates on a dynamic shared-channel basis and that the minimum unit of scheduled data in either uplink or downlink is equal to a single sub-frame.
Once the receiver has knowledge of the forthcoming scheduled sub-frame, it is beneficial if the receiver is required to be enabled only for the active sub-frame.  This brings advantages wherein:

· Transmission latency is minimised (there is no need for any channel training period prior to the reception of data)

· In the case of downlink, UE battery life is extended
More importantly however, it also helps to ensure compatibility of design between operation in paired and unpaired spectrum.  This is due to the fact that if the receiver need only be enabled for the active sub-frame, then segregation of the radio frame into uplink and downlink periods of time (presumed to be multiples of 1 sub-frame) does then not adversely affect the quality of reception of the contained data, hence a common basic signal structure may be used in both paired and unpaired spectrum.
As such, it should be possible for demodulation of uplink and downlink to be “self-contained”.  Adequate demodulation performance should be achievable for a given sub-frame in the situation that only pilot information from that sub-frame is used.  It should not be necessary to utilise pilot information extending over multiple sub-frames to attain this performance in the event that only a single sub-frame is scheduled.
Of course, in slower channel conditions, and when multiple successive sub-frames are scheduled, receiver performance may be improved by utilising all of the pilot information available from these sub-frames.  However, for high-speed cases, pilot information from other sub-frames is not useful and again reliance must be made on the pilots received within the sub-frame itself.
Figure 1 shows what is meant by a “self-contained” transmission, and also gives some examples of non-self contained transmissions.  The diagram shows the case for downlink, but is equally applicable to uplink transmissions via obvious extension.
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Figure 1
If a pilot structure was adopted which did require (to meet acceptable performance) for the receiver to be active for one or more sub-frames prior to the actual reception, then in the case of unpaired spectrum, some sub-frames would suffer inferior demodulation performance due to them being located close to an UL/DL or DL/UL split point.  An example of this type of situation is shown in Figure 2, wherein accurate demodulation of each sub-frame requires pilot information from the previous sub-frame.  The demodulation performance of the first DL sub-frame after the UL/DL split is adversely affected due to a lack of sufficient pilot energy.
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Figure 2
2 Conclusion

When decoding a sub-frame, LTE receivers should not be required to use pilot energy from other sub-frames in order to achieve acceptable link performance.  This requirement should be met through provision of sufficient pilot energy distributed within each sub-frame.  It ensures that:

· Performance in high speed radio channels is maintained

· The receiver need only be enabled for active sub-frames containing data (extending battery life in the UE case)

· Transmission latency is not affected by channel training ‘warm-up’ time

· Maximum commonality in sub-frame format and pilot structure can be realised for both paired and unpaired spectrum without significant differences in channel estimation error.  The radio frame may then be flexibly configured into uplink/downlink portions in unpaired spectrum without affecting link performance.
It should be noted that this requirement does not prohibit the use of pilots from other sub-frames to further improve performance where configuration and channel speed allow.

Text proposals for the OFDM/FDMA [1] and OFDM/OFDMA [2] concepts (based on [3]) for TR 25.814 are appended.
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<<<<<<<<<<<<<<<<<<<< start of text proposal >>>>>>>>>>>>>>>>>>
{DL OFDM}
7.1.1.2.2
Downlink pilot structure

Downlink reference/pilot symbols are to be transmitted on the downlink. The downlink reference/pilot symbols can be used for at least  

· Downlink-channel-quality measurements for CQI reporting

· Downlink channel estimation for coherent demodulation/detection at the UE

· Cell search and initial acquisition

The reference/pilot symbols are inserted into the time/frequency grid according to a known pattern. The exact reference/pilot-symbol pattern is TBD, but the density of reference/pilot symbols in the time/and frequency domain should be sufficient to handle the highest time and frequency selectivity expected for E-UTRA. The density of reference/pilot symbols within a sub-frame should also facilitate acceptable sub-frame demodulation performance in the case that the receiver is enabled only for that sub-frame (i.e. pilot assistance from other sub-frames is not required). This does not preclude exploitation of pilots from other downlink sub-frames to enhance performance in appropriate scenarios. The use of an adjustable pilot density in order to adapt to different channel properties (time/frequency selectivity) should also be considered.

Scattered pilots should be evaluated as well as pure time or frequency multiplexed pilots.

In order to support advanced antenna solutions such as MIMO, beam-forming etc., multiple orthogonal reference/pilot-symbol patterns should be possible within one cell (different reference/pilot-symbol patterns for different TX antennas, different beams, etc.). 
{UL SC-FDMA}
9.1.1.2
Multiplexing including pilot structure
The density of reference/pilot information within a sub-frame should facilitate acceptable sub-frame demodulation performance in the case that the receiver is enabled only for that sub-frame (i.e. pilot assistance from other sub-frames is not required). This does not preclude exploitation of pilots from other uplink sub-frames to enhance performance in appropriate scenarios.
{UL OFDMA}
9.2.1.2
Multiplexing including pilot structure
Two types of pilot symbols should be considered 

1.) In band pilots - used for coherent data demodulation, e.g. channel estimation. These pilots are transmitted in the part of the bandwidth used for data transmission. The density of reference/pilot symbols within a sub-frame should facilitate acceptable sub-frame demodulation performance in the case that the receiver is enabled only for that sub-frame (i.e. pilot assistance from other sub-frames is not required). This does not preclude exploitation of pilots from other uplink sub-frames to enhance performance in appropriate scenarios.
2.) Out of band pilots – used for advanced frequency dependent scheduling and link adaptation. These pilots span a larger bandwidth than the one used for data transmission. 

Note that in band pilots may also be used for frequency dependant scheduling and link adaptation.

The specific pilot assignments are TBD.
<<<<<<<<<<<<<<<<<<<< end of text proposal >>>>>>>>>>>>>>>>>>
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