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1. Introduction
In [3], performance results were shown for the 14.3% overhead (the working assumption) four antenna downlink RS format from the Seoul, Korea meeting (October 2006) [1][2].  The simulation results showed that the four antenna downlink RS format provides extremely good channel estimation performance for a highly demanding MIMO reception scenario at speeds up to 120 kph and reasonably good channel estimation performance for speeds of 350 kph.  In particular, the simulation results using the TU channel model showed that the working assumption RS format provided excellent channel estimation at all data symbols for up to at least 30 dB SNR for UE speeds up to 120 kph.  For UE speeds of 350 kph, channel estimation with the working assumption RS format was good for SNRs up to 20 dB.  In this contribution an alternative 14.3% four antenna downlink RS structure is presented, with performance results being similar to the working assumption RS format.  As is clear from the performance results presented in [3] the working assumption RS format is suitable for EUTRA, though the alternate may have a small advantage with frequency shifting (i.e., different Node Bs or sectors transmit RSs with different frequency offsets) or RS power boosting.
2. Four Antenna Downlink RS Formats
The 14.3% overhead (i.e., working assumption) downlink RS format from [1][2] is shown in Figure 1 and an alternative format is shown in Figure 2.  Both RS formats have the following desirable properties:
· Are scalable for multiple bandwidths (1.25MHz to 20MHz)

· Support up to 4 transmit antennas

· Are optimized for speeds up to 120kph, and is functional up to 350kph

· Common RSs in adjacent subframes and TTIs can be used to improve the time tracking of the channel estimates
· Excellent performance in the Typical Urban (TU) channel (5 (sec excess delay)
· Facilitate the use of simple channel estimation techniques that match the performance of near-optimal high complexity techniques
· Have low overhead 14.3%
· Allow for TDM control for lower latency and potential power savings

In addition, the alternate downlink RS format may help with frequency shifting or RS power boosting.
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Figure 1.
Working assumption (14.3 % overhead) downlink RS format for up to four transmit antennas.  Tm stands for reference symbol for transmit antenna m and D stands for a data symbol.  The thick lines mark RB boundaries (in frequency) and TTI boundaries (in time).


[image: image2.emf]T

3

T

4

T

3

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

frequency

time

T

4

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

T

1

T

2

T

3

D

D

D

D

D

D

D

T

4

T

1

T

2

T

3

T

4

T

1

T

2

T

3

T

4

T

1

T

2

T

3

T

1

T

1

T

1

T

1

T

2

T

2

T

2

T

2

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

T

4

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

T

1

T

2

T

3

D

D

D

D

D

D

D

T

1

T

2

T

4

T

1

T

2

T

3

T

1

T

2

T

1

T

1

T

1

T

1

T

2

T

2

T

2

T

2

D D D

T

4

D D D D D T

1

T

2

T

3

D

T

4

T

1

T

2

T

3

T

4

T

1

T

2

T

3

T

4

T

1

T

2

T

3

T

4

D D D D

D

D

D

D D

D

D D

D

D D

D

D D D D D D D D D D


Figure 2.
Alternate 14.3% overhead downlink RS format for up to four transmit antennas where RSs for antennas three and four are on different OFDM symbols than antennas one and two.  Tm stands for reference symbol for transmit antenna m and D stands for a data symbol.  The thick lines mark RB boundaries (in frequency) and TTI boundaries (in time).
3. Simulation Results
[3] shows simulation results for the working assumption downlink RS format in a demanding four data stream MIMO transmission.  The results showed that there was excellent channel estimation performance in normal SNR ranges (i.e., up to 30 dB SNR) for UE speeds up to at least 120 kph and acceptable performance for up to 350 kph (i.e., good channel estimation for SNRs up to 20 dB).  In this section simulation results are shown for the alternate format which show that performance of the alternate format is very similar to the working assumption.
Table 1.  Simulation parameters.

	Parameter
	Value

	Carrier bandwidth
	5 MHz

	Carrier frequency
	2.0 GHz

	TTI duration
	1.0 ms

	FFT size
	512

	Sampling rate
	7.68 MHz

	Propagation channels
	TU (3, 120, 350 km/h), independent fading

	Channel estimator
	MMSE across frequency on a single OFDM symbol followed by 5-tap MMSE across time for antennas 1 and 2 and by 3-tap MMSE across time for antennas 3 and 4

	Code type
	3GPP turbo code

	# of TX antennas at Node B
	4

	# of RX antennas at UE
	4

	# of data streams
	4

	Transmit method
	Open loop SU-MIMO


	Receiver method
	Successive interference cancellation


Simulations were run for the parameters given in Table 1.  The channels were simulated in the time domain and hence inter-carrier interference was present in the received signal.  The channel estimation procedure for the working assumption pilot format used all pilots in the current TTI plus the pilots on the first OFDM symbol of the second TTI (see Figure 1).  Hence there were five OFDM symbols in time with pilots for antennas one and two and three OFDM symbols in time with pilots for antennas three and four.  For antennas one and two, the channel estimation was first performed across frequency on each of the five OFDM symbols containing pilots for antennas one and two using an MMSE channel estimator [4].  For antennas three and four the channel estimation was first performed across frequency on each of the three OFDM symbols containing pilots for antennas three and four using an MMSE channel estimator [4].  To find the channel estimates on OFDM symbols that do not have pilots, 5-tap MMSE interpolation across time [4] was employed for antennas one and two and 3-tap MMSE interpolation across time was employed for antennas three and four.  The MMSE filters across frequency were designed assuming a flat delay profile with a maximum time of arrival of 5.5 (sec and an SNR matched to the current channel SNR.  The MMSE filters across time were designed assuming a Jakes spectrum with a maximum Doppler frequency of 230 Hz for UE speeds of 3 and 120 kph and 650 Hz for a UE speed of 350 kph.  To design the MMSE filters across time, the SNR was assumed to be the current channel SNR plus 5 dB (to account for the processing gain of the channel estimation across frequency).  For the alternate pilot format shown in Figure 2, the channel estimation procedure was the same as the working assumption format except that the three tap MMSE interpolators across time accounted for the fact that antennas three and four are shifted by one symbol in time.
Figure 3 and Figure 4 show FER results comparing the working assumption pilot format to the alternate presented in this contribution for different UE speeds.  The alternate format had similar performance to the working assumption at both the low speed (3 kph) case and for the high speed case (350 kph).
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Figure 3.
FER results for four stream rate ½ 64-QAM for a UE speed of 3 kph.
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Figure 4.
FER results for four stream rate ½ 16-QAM for a UE speed of 350 kph.
4. Conclusion
This contribution presented a 14.3% downlink RS structure that is an alternative to the working assumption RS format.  The working assumption RS format is suitable for EUTRA, though the alternate may have a small advantage with frequency shifting or RS power boosting.  The performance of the alternate format is similar to the working assumption RS format which was shown in [3] to have excellent channel estimation performance in normal SNR ranges (i.e., up to 30 dB SNR) for UE speeds up to at least 120 kph and acceptable performance for up to 350 kph (i.e., good channel estimation for SNRs up to 20 dB).  Both the working assumption and alternate formats: 1) Facilitate the use of simple channel estimation techniques that match the performance of near-optimal high complexity techniques, 2) Have low overhead (14.3% for four transmit antennas),and 3) Allow for TDM control with a four antenna transmit format for lower latency and potential power savings.
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� FER results are shown for open loop SU-MIMO to show that with the TU-channel model with independent fading, the pilot formats provide channel estimates that are good enough to support four stream open-loop SU-MIMO with a successive interference cancellation receiver and with high modulation and coding rates on each stream.  This scenario was selected as an upper bound on what may be demanded of a channel estimator.  It is expected that if channel estimation can support this extreme scenario, it should be able to support more realistic conditions.
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