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Introduction

At RAN1#42, the need for a common pilot signal transmitted in every sub-frame was agreed [1], although the structure and overhead of the common pilot was not. This contribution compares the two main possibilities for pilot structure and examines the impact of time/frequency and power overhead on channel estimation performance for a single antenna using link level simulations. Pilot sequences, and multiplexing of pilots for multiple antennas are not considered.

Desirable properties for the common pilot channel

The following aspects of pilot performance should be taken into account in designing  the CPICH:

· Good channel estimation performance with reasonable complexity for the terminal

· Overhead of time/frequency tones as low as feasibly possible

· Required power overhead as low as possible

· Reasonable performance at high speeds

· The possibility to decode sub-frames without the need to interpolate to/from adjacent sub-frames.

The latter of these aspects covers the case where adjacent sub-frames are not available; for example where they were multicast MBMS frames, where the terminal performed/will perform inter-frequency measurements. Other options such as scheduling may be available to get around such cases, although good performance when no interpolation between sub-frames is not available would still be desirable. 

Pilot Channel Structure

Two types of pilot structure have been discussed in past meetings. The so called “time multiplexed” option places all of the reference tones in the first symbol of the sub-frame. (Variants of this option may place reference tones in more than one symbol, but at the same frequencies). A possible advantage of this option is that if control information is also place at or near to the first symbol, a terminal can decode the control information without needing to receive the rest of the sub-frame.

The second option is the so-called “Scattered” pattern, in which reference tones are placed in two or more symbols at different frequencies.
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Figure 1 Time Multiplexed and Scattered pilot patterns
Comparison of the pilot patterns
To compare the pilot patterns, simulations were carried out by allocating 600 tones. The simulated bandwidth was 10MHz; thus 600 tones are available (other simulation parameters are stated at the end of this paper). For the time multiplexed option, 600 tones were placed in the first symbol. For the scattered case, 300 tones were each placed in symbols 2 and 6. In each case, the pilot tone to data tone power ratio was 0dB; thus the same amount of pilot power is used for each option.

Results are shown in figure 2. At pedestrian speeds, the time multiplexed pattern offers a slight performance advantage. For high speeds, interpolation is necessary for the time multiplexed case, otherwise decoding breaks down altogether. It should also be noted that these simulations currently model only QPSK; it is likely that for higher order modulation, more accurate channel estimation may be necessary.
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Figure 2 Comparison of pilot patterns performance at 3km/h (Left), 350km/h (Right)
Pilot Time/Frequency Overhead

To investigate the pilot time/frequency overhead, performance of the time multiplexed pattern was compared using 600 and 240 pilot tones; this relates to a spacing of 1 and 5 in the frequency domain. To enable a fair comparison, in both cases, the pilot power overhead was kept at 14%; i.e. the same amount of total pilot power was used.

The results are shown in figure 3. Clearly, there is no performance penalty associated with moving from using 100% of the tones in the symbol down to every 5th tone. This is to be expected, since a pilot spacing of 75kHz is well below the coherence bandwidth of the channel.
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Figure 3 Comparison of decoding performance using TM pilots and 100/20% of the resource in the pilot timeslot at 3km/h (left), 350km/h (right)

Pilot power overhead

In order to utilise tones not used for pilots, transmit power must also be available in the symbols within which the pilots are transmitted. The power overhead required for the pilot is dependent on the type of channel estimation assumed and the modulation order, however this section gives some guidance. 

A time multiplexed pattern using 20% of the available tones in the first symbol was investigated. The amount of power used for the pilot symbol was varied from 100% down to 10% of the power available in the symbol.

It can be seen that for channel estimation, an overhead of around 30-40% of the power in the symbols containing pilots is required for good demodulation performance. It is worth noting therefore that the power overhead for the pilots can probably not be reduced quite as far as the time/frequency overhead. Also to be noted is that this analysis takes into account only channel estimation performance and not CQI accuracy, and does not consider coverage.
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Figure 4 SIR required for 0.1% BLER vs pilot overhead for time multiplexed pilots, 3km/h
Discussion
For QPSK, there does not appear to be too much difference in performance between scattered and time multiplexed pilots, although time multiplexed pilots always require interpolation between sub-frames at high speeds. Furthermore, analysis of higher order modulations in other contributions has shown that channel estimation accuracy becomes more critical.
There is no real need to use more than 2 symbols to contain pilot tones using the scattered pattern. It should be noted that using tones (2,6), when compared with (1,4) holds the (small) advantage of an improved performance at high speeds where no interpolation between sub-frames can be performed.

The time multiplexed pilot pattern may allow for a reduced UE power consumption, if control signalling is multiplexed into the same symbol as the pilots. For the lowest UE bandwidth, the analysis in this paper indicates that of the 75 tones, up to a maximum of 60 can be made available for such signalling, whilst at most 60-70% of the power in the symbol can be made available. However the impact of supporting pilots for multiple antennas should also be considered. Since the content and structure of the control signalling is not yet defined, it is currently difficult to assess whether there exists sufficient tones & power to accommodate all of the signalling within the pilot sub-frame. If that were not the case, then the terminal would anyway have to receive 2 OFDM symbols, as would be the case with scattered pilots.

Thus it seems at present that scattered and time multiplexed pilots both have advantages and disadvantages. Information necessary to make a decision is the amount of power/time frequency overhead that is likely to be necessary for the control signalling, as well as the real gain for the terminal if it has only to decode one symbol, in order to justify using time multiplexed pilots above the scattered option.
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Simulation assumptions

	Parameter
	Value

	Bandwidth
	10MHz

	FFT Size
	1024

	Available carriers
	600

	Subframe length
	0.5msec

	Symbols/subframe
	7

	Pilot tones/subframe
	600, 120

	Modulation
	QPSK

	Multipath fading channel
	Typical Urban, 6 paths

	UE speed
	3, 350km/h

	Channel estimation
	When 600 tones used: Averaging of 11 nearest tones in the frequency domain followed by interpolation in the time domain

When 120 tones or scattered pilots used: Cubic interpolation followed by averaging in the frequency domain and then interpolation in the time domain








