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1. Introduction

In RAN1#42 at London, over 15 contributions addressing OFDMA reference/pilot symbol design were submitted.  According to TR 25.814 [20], the reference/pilot symbols are inserted according to a known pattern with enough density to sufficiently handle the highest time and frequency selectivity expected for E-UTRA.  In [4], it was shown that sampling the channel once per TTI is sufficient to provide the required time-domain resolution.  Similarly, simulation results presented in other contributions confirmed that good channel estimation is possible with pilot symbols in either one or two OFDM symbols.  This contribution proposes reference/pilot symbol design based on the discussion and contributions from RAN1#42.
2. Common and Dedicated Pilot
2.1. Common Pilot

Common pilots are available to all users within the sector for channel estimation, synchronization, cell search and acquisition, channel quality and SIR measurement, etc.  Three main types of common pilot design include time-division multiplexing (TDM), frequency division multiplexing (FDM), and scattered (or staggered) as shown in Figure 1.
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Figure 1.  Common Pilot Design Pattern.
From simulation results presented at the London meeting, it was seen that TDM pilot pattern offers comparable performance to scattered pilot pattern up to moderately high vehicular speeds (120-180 km/h).  At very high vehicular speed (350 km/h), however, scattered pilot pattern offers a slight advantage over the TDM pilot pattern.  However, due to the short TTI length, multipath temporal channel variation can be adequately handled by using TDM pilots from the preceding and subsequent frames.  In [1], it was shown that, even with 4 transmitting antennas, TDM pilot performs well up to 350kph for 16-QAM when adjacent subframes are used, and up to 180 kph for QPSK without using the adjacent subframes.
In addition, TDM pilots allow for TDM control channels located near the common pilot, which may improve latency and permit power-savings [10] if no data is assigned to the UE in the current TTI, especially for TTI of multiple sub-frames. 

The pilot density in frequency is crucial for TDM control channel performance, since control information must be decoded correctly in one shot using only the common pilot, whereas H-ARQ and dedicated pilot may be applied to the data.  This implies that the frequency spacing of the common pilot near the control should be small enough to support high performance channel estimation for the control channel without relying on additional pilots. (When there is significant delay spread, boosting the pilot power for the common pilot may not be able to overcome insufficient common pilot density.)
MIMO application requires orthogonal pilot channels in order to perform accurate channel estimation and feedback measurements on the multiple transmit antennas.   Pilot orthogonality among different antennas can be achieved via several methods:

· Time and/or frequency division multiplexing of different pilot channels.  In this case, pilot channels for different antennas are transmitted in a disjointed manner across time and frequency.  As a result, when a pilot channel is transmitted on one antenna, all other antennas do not transmit any signal.  However, with this approach, time/frequency resolution decreases as the number of antennas increases if the pilot overhead is to remain fixed.  
· Phase shifting of the pilot sequence to provide temporal separation.  This leads to pilot orthogonality in the time domain and allows for time-domain pilot recovery via a simple selection of the appropriate IFFT values.

Since advanced multiple antenna techniques (e.g., space-time block coding or cyclic shift diversity) may also be used for the control channel, it may be desired to have common pilots for all antennas near the beginning of the frame. One example of this is shown in Figure 2. Note that for this example the pilots for each antenna can be boosted by 3 dB since each group of antennas transmits nothing when the other group of antennas is sending pilot symbols, without needing to steal any power from the data symbols.
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Figure 2. Example pilot format supporting 4 antennas.

2.2. Dedicated Pilot

As an option, dedicated pilots can be made available to a specific user for assistance in channel estimation in low SNR or high mobility conditions, adaptive beam-forming application, refined CQI measurement, etc.  Although dedicated pilots may provide some improvement, actual performance benefits in contrast to increases in system complexity and overhead require further investigation.  
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Figure 3.  Dedicated Pilot.
For simplified implementation, the dedicated pilots are preferably restricted to a single additional OFDM symbol, located near the end of the subframe as shown in Figure 3. This allows a similar F-domain channel estimator to be used for both the common and dedicated pilot symbols prior to time interpolation. .  
3. Intra-Cell Interference 

Due to one-cell frequency reuse, pilot channels suffer from interference from other sectors, thus degrading performance especially at the edge of the sector.  Although the use of sector-specific scrambling codes can randomize the interference somewhat, performance for users at the edge of the sector may be significantly degraded.  Several options are available to mitigate pilot interference from other sectors:

· Sector-specific orthogonal spreading of pilots together with cell-specific scrambling.  Users not near the edge of the cell do not need to de-spread and are therefore not impacted.  However, to enable orthogonal spreading, the scrambling sequence for all the sectors must be identical for the pilot channels [2].  

· Time and/or frequency division multiplexing of pilot channels can be used in conjunction with scheduling.  In this case, pilot channels for different sectors are transmitted in a disjointed manner across either time and/or frequency.  Unlike in MIMO application, other sectors are allowed to transmit data in the pilot channels assigned to other sectors.  To minimize the interference, scheduling is used in conjunction to assign these pilot channels to low-power data transmission in other sectors. 
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7.1.1.2.2
Downlink pilot structure

The downlink reference/pilot symbols can be used for at least  

· Downlink-channel-quality measurements 

· 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 use of an adjustable pilot density in order to adapt to different channel properties (time/frequency selectivity) should also be considered.
In the downlink, common pilot/reference signals should be defined. Dedicated pilot/reference signals should be considered.

The common pilot/reference-signal structure should allow for different pilot signals between different cells/sectors, where the pilot symbols can be either mutually orthogonal or mutually non-orthogonal, and that enable good system performance. For the same Node B, orthogonal patterns are preferred. 

The downlink common pilot channel signal should be transmitted once per sub-frame.

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.). 

7.1.1.2.2.1
Common pilot structure
The common pilot for 1-2 antennas is located on one symbol, and the common pilot for the third and fourth antenna may be on the same symbol as antennas 1-2 or on one additional symbol.  For example, Figure 4 illustrates a structure with common pilot for the first and second antenna on the second OFDM symbol, and common pilot for the third and fourth antenna on the seventh OFDM symbol.  Common pilot symbols are used to decode the resource allocation control channel, which may be located near (either the same or an adjacent symbol) the common pilot. Micro-sleep function in the remainder of the TTI (one or more subframes) for power savings is thereby supported.
Within a symbol, the reference sequences are made orthogonal using either orthogonal subcarriers or an orthogonal phase shift or a combination of both.  If an orthogonal phase shift is used, for transmit antenna m on the kth subcarrier, the pilot values are given as:
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where x(k) is the sector-specific pilot sequence (e.g., constant magnitude sequence with good properties) that is common to all transmit antennas and P is the cyclic shift index. For the example in Figure 4, which has a pilot symbol on every third subcarrier, P=6. When one group of antennas transmits pilot symbols, the other group transmits nothing.  
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Figure 4.  Common Pilot Format.

To randomize inter-cell interference, cell-specific scrambling code is used.  In addition, sector-specific orthogonal spreading of pilots may be used to provide orthogonal pilot signals between different sectors within the same cell.
7.1.1.2.2.2
Dedicated pilot structure
If common pilots from adjacent subframes are not available or are insufficient, dedicated pilots may be included in a subframe.  The dedicated pilots are located in a single additional OFDM symbol, located near the end of the subframe, as shown for example in Figure 5.  The frequency spacing and starting subcarrier offset of the dedicated pilots shown in Figure 5 are for example purposes.  

[image: image6.emf]F

r

e

q

u

e

n

c

y

Time

Common 

Pilot

Dedicated 

Pilot

F

r

e

q

u

e

n

c

y

Time

D

a

t

a

 

R

e

g

i

o

n

 

f

o

r

 

u

s

e

r

 

k

Common 

Pilot

Dedicated 

Pilot


Figure 5.  Dedicated Pilot Format.
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