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1 Introduction

The purpose of this paper is to provide initial simulation results for super-imposed reference symbols for E-UTRA downlink [1] in static conditions, and to elaborate on possible channel estimation approaches.

2 Simulation assumptions and results

The super-imposed reference symbols principle described in [1] is tested against the conventional orthogonal technique.

The reference signal allocation scheme used in the performance comparison uses the pattern assumed taken before the RAN1 LTE adhoc meeting in Helsinki, i.e.:

· 1st reference is signalled on first sub-frame symbol with a sub-carrier spacing of 2.

· 2nd reference is signalled on fifth sub-frame symbol with a sub-carrier spacing of 2, using sub-carriers where the 1st ref. signal is not present. 

These simulation results are for a static channel and, as an initial assumption, the pilot-to-signal power ratio 
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is set to 0.5.

For the channel-estimation using the first reference signals, a conventional time-filtered/frequency-interpolated least-squares scheme is used.

The second reference signal based channel estimation uses different approaches depending on the signalling scheme: 

· If super-imposed pilot (SIP) symbols are used, we compare the following methods:

· Time/frequency-filtered LS channel estimation with low complexity decision-directed cancellation scheme;
This low complexity scheme roughly doubles the complexity of conventional LS estimation, resulting in an overall ~25% complexity increase of the entire channel estimation operation.

· Time/frequency-filtered LS channel estimation without cancellation.

· If orthogonal pilot (OP) symbols are used:

· Time/frequency filtered LS scheme exactly as for 1st reference symbols.

The simulation set-up assumed:

· Static channel and additive white gaussian noise.

· Agreed downlink system numerology for 10 MHz bandwidth.

· Equal power for all symbols; 
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=0.5.

· QPSK, 16-QAM and 64-QAM mapping;

· Rate 1/3 turbo coding.

The performance plots presented include:

· Perfect and estimated channel; 
Estimated channel made upon 1st ref. signal channel estimate alone and combined 1st & 2nd ref. signal channel estimates.

· Bit-error rate, block-error rate and open-loop throughput (no retransmission scheme in use).
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Figure 1: 16-QAM BER
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Figure 2: 16-QAM BLER
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Figure 3: 64-QAM BER
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Figure 4: 64-QAM BLER
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Figure 5: QPSK throughput (perfect channel)
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Figure 6: QPSK throughput (estimated channel)

3 Conclusions

From the initial results presented above, we can conclude that in a static channel, under the assumptions used here, the super-imposed pilot symbols for the second reference allow the system to achieve, at high SNR, a throughput improvement of ~8% compared to orthogonal pilot symbols, even if no cancellation scheme is used (see figures 5 and 6).

 The low complexity cancellation scheme used gives an overall ~25% complexity increase for the channel estimation operation.
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