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Discussion
1
Introduction
In RAN4#64bis, timing offsets between TP transmitting CRS (TP1) and TP transmitting PDSCH and CSI-RS (TP2) were considered [1][2]. Significant PDSCH performance degradation was observed if this timing offset was not compensated. The performance degradation can be much reduced if the timing offset is compensated in PDSCH using CSI-RS based timing estimation. However the improvement is limited if the timing offset value is negative.
To solve the problem of negative timing offsets, one way is to use CSI-RS timing to determine the FFT window. However this approach introduces additional timing error for TP1 and thus affecting the performance of physical channels transmitted from TP1. In this paper we evaluate the performance of PDCCH given TP2 based time tracking.
2
Evaluation results
The simulation assumption to evaluate geographically separated antennas is outlined in [1]. From our previous contribution [2], timing offset as small as 1us between TP1 and TP2 can cause great performance loss if UE is in behavior A. CSI-RS based PDSCH timing correction in frequency domain can greatly improve the performance if the timing offset is positive. For negative timing offsets, the improved is quite limited for high MCS levels like 64QAM ¾. 
Figure 1 to 4 show the PDSCH performance with CSI-RS based timing offset estimation and frequency domain compensation. As can be seen, performance impact of positive timing offset up to 2us is small, but a negative timing offset as small as -0.5 us can cause significant performance loss. The loss is caused by energy loss and ISI due to improper alignment of FFT window and TP2 timing as shown in Figure 5, assuming a single-tap channel.
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Figure 1: BLER and throughput of positive timing-offset recovery based on CSI-RS 
(EPA-5Hz, 10MHz, 2x2, 64QAM, R=3/4) 
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Figure 2: BLER and throughput of negative timing-offset recovery based on CSI-RS 
(EPA-5Hz, 10MHz, 2x2, 64QAM, R=3/4) 
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Figure 3: BLER and throughput of positive timing-offset recovery based on CSI-RS 
(ETU-5Hz, 10MHz, 2x2, 64QAM, R=3/4) 
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Figure 4: BLER and throughput of negative timing-offset recovery based on CSI-RS 
(ETU-5Hz, 10MHz, 2x2, 64QAM, R=3/4) 
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Figure 5: Illustration of signal energy loss and ISI due to negative timing offset

One way to solve this issue is to align FFT window based on TP2 timing. This can eliminate the timing issue of PDSCH but it also affects reception of physical channels transmitted from TP1. Here we assume PDCCH is transmitted from TP1 as PDCCH decoding relies on CRS which is also transmitted from TP1. Given a negative timing offsets between TP1 and TP2, aligning FFT window based on TP2 means the channel delay spread becomes longer for TP1. In the following PDCCH simulation, the additional delay spread is considered in the channel estimator so that a proper channel estimation filter is chosen accordingly.
Figure 6 and 7 show the demodulation performance PCFICH+PDCCH. Both 2CCE and 8CCE aggregation levels are simulated. DCI bit number is 31. The additional delay spread can degrade PDCCH performance to nearly 2 dB when 8CCE and EPA channel are used. The loss of PDCCH performance with 8CCE can make radio link failure happen more easily. It’s therefore clear that the channel estimation based approach cannot yield satisfactory performance. Alternatively this performance loss can also be reduced by frequency domain timing compensation, like how positive timing offset is handled for PDSCH. Therefore a possible UE behavior B to handle different values of timing offsets between transmission points can be summarized in the following table.
	Timing offset between TPs (tTP2 – tTP1)
	Positive
	Negative

	FFT timing reference
	CRS (TP1)
	CSI-RS (TP2)

	Physical channel susceptible to performance loss due to timing offset between TPs
	PDSCH (TP2)
	PDCCH (TP1)

	Frequency domain timing offset compensation
	Based on CSI-RS timing (TP2) and applied to PDSCH
	Based on CRS timing (TP1) and applied to PDCCH


Table 1: A possible UE behavior B
In essence, UE should set FFT timing considering the composite delay spread channel of TP1 and TP2. If the length of the composite delay spread channel is less than CP, the problems of Rx signal energy loss and ISI could be theoretically resolved. Meanwhile frequency domain timing correction is also important to reduce performance loss due to extended delay spread. It requires further investigation on the feasibility of such UE behavior and whether it can be assumed in determining UE requirements.
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Figure 6: PDCCH performance using EPA-5Hz
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Figure 7: PDCCH performance using ETU-5Hz
3
Summary

The conclusion our study can be summarized in the following.
Observation 1: Physical channel performance loss due to positive timing offsets can be effectively reduced by frequency domain timing offset compensation.
Observation 2: Performance degradation due to negative timing offset can be removed by selecting the FFT window based on TP with earlier arrival time.
Proposal 1: Have further discussion on the feasibility of UE behavior in Table 1 and whether similar behavior can be assumed in determining UE requirements.
4
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