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1
Introduction
In RAN4#64, a preliminary simulation assumption was agreed to evaluate UE Rx performance impact due to geographically separated antennas. In this contribution, we evaluate PDSCH demodulation performance given different timing offsets between PDSCH and CRS. Only TM9 is considered in the evaluation and CSI-RS is assumed to have the same timing with PDSCH.
2
Evaluation results
The simulation assumption is based on the agreement in [1]. The parameters in the following table are varied to evaluate the impact of timing offsets under different scenarios. UE Rx timing is based on estimated CRS timing. Delay spread is also estimated based on CRS. The case without PDSCH timing correction means PDSCH timing is assumed to be the same as CRS timing, which is equivalent to Rel 10 or earlier UEs where all serving BS Tx antennas are assumed to be co-located. 
	MCS levels
	QPSK 1/3 or 64QAM ¾

	Channel models
	EPA-5Hz or ETU-5Hz

	Timing offsets between CRS and PDSCH (us)
	-2, -1, 0, 1, 2

	PDSCH timing correction
	No correction or CSI-RS based correction


2.1
No PDSCH timing correction
Figure 1 to 4 show the PDSCH performance without PDSCH timing correction. The performance is clearly more sensitive to timing errors in EPA-5Hz channel. Severe degradation is observed when timing error is non-zero when EPA-5Hz channel is used. On the other hand degradation with ETU-5Hz is much reduced. This is because ETU-5Hz has longer delay spread which provides more diversity over time, thus less sensitive to timing errors.
It is also observed that negative timing errors are more detrimental than positive timing errors. Positive timing error means UE Rx operates earlier than 0 timing error. Negative timing error means UE Rx operates later than 0 timing error. Negative timing error means that UE may miss the signal energy associated with the first few taps of a channel which directly affect the received signal power. This loss is in addition to channel estimation loss due to phase ramp from both positive and negative timing errors. However the amount of the loss would depend on the how to choose CRS based timing also. Therefore we have the following observations:
Observation 1: PDSCH performance degrades less with timing errors in ETU-5Hz, which has longer delay spread.
Observation 2: Negative timing errors tend to degrade PDSCH performance more because of loss of received signal energy.
Observation 3: Without PDSCH timing correction, even 1 us timing error between CRS and PDSCH can cause severe throughput loss.
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Figure 1
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Figure 2
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Figure 3
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Figure 4

2.2
CSI-RS based PDSCH timing correction

Because CSI-RS and PDSCH are assumed to be quasi collocated, UE can estimate the timing difference between CRS and CSI-RS and correct the PDSCH phase ramp in the frequency domain. Figure 5 to 8 show the throughput given that PDSCH timing is corrected based on CSI-RS timing estimate, assuming that configurations of CSI-RS are known to UE. In the simulation CSI-RS is transmitted every 5ms.
It can be seen that throughputs with PDSCH timing correction have improved significantly in all cases. The timing correction removes the phase ramp due to timing error. However PDSCH timing correction does not completely solve the issue with negative timing errors. Even a timing error of -1 us can cause severe degradation when 64QAM ¾ is used. It is, however, possible to mitigate this issue by modifying CRS based timing but further study is needed.
Observation 4: CSI-RS based timing correction for PDSCH can greatly improved throughput given a timing offset between CRS and PDSCH. However the issue with negative timing offset cannot be completely resolved by CSI-RS based timing correction.
Proposal 1: Further study is needed to mitigate the severe loss due to negative timing offset especially for high MCS levels.
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Figure 5:
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Figure 6:
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Figure 7:
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Figure 8:

3
Summary

Observation 1: PDSCH performance degrades less with timing errors in ETU-5Hz, which has longer delay spread.
Observation 2: Negative timing errors tend to degrade PDSCH performance more because of loss of received signal energy.
Observation 3: Without PDSCH timing correction, even 1 us timing error between CRS and PDSCH can cause severe throughput loss.
Observation 4: CSI-RS based timing correction for PDSCH can greatly improved throughput given a timing offset between CRS and PDSCH. However the issue with negative timing offset cannot be completely resolved by CSI-RS based timing correction.
Proposal 1: Further study is needed to mitigate the severe loss due to negative timing offset especially for high MCS levels.
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