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Discussion
1
Introduction
In RAN4#65, issues of timing delay between TP1 (CRS transmitted) and TP2 (PDSCH and CSI-RS transmitted) were evaluated [1]. Most companies, after numerous simulations, consider the delay range in [-0.5, X],  where X value is left for studying to be either 2us or 2.4us. 
As X is getting larger, more CP regions are included in FFT window and the resistance to the multipath channel with longer delay spread gets weaker. On the other hand, a larger value of X means a bigger applicable area for CoMP. To test if the performance is seriously degraded due to the larger X value, the ETU channel simulation is considered in this paper.
2
Simulation results
The simulation is based on the behavior B assumption. The set up is as follows,

· 10MHz bandwidth, allocate 50 PRBs,
· 2X2 low correlation MIMO channel,

· 64QAM 3/4 by MCS24, 16QAM 1/2 by MCS13 and QPSK 1/3 by MCS4,

· Statistics by 10000 subframes,

· Doppler = 5Hz, ETU channel,

In each figure, there are four curves. Let’s first analyze the blue and red curves, which represent the throughput performance by ideal DM-RS channel estimation, under time delay = 0 us and X us, respectively. Please note that the blue curves in the sub-figures are identical. The performance difference between the blue and the red can be treated as the influence by ISI due to the shorter CP region protection. Fig. 1.c and Fig. 1.d show the zoom-in plot of Fig. 1.a and Fig. 1.b respectively. Our observation is that, for X = 2.4us, the SNR value to achieve 70% of the max throughput is 14.7dB, which is 0.05dB degradation from the result of X = 2us case (14.7dB vs. 14.65dB).
Let’s look at Fig. 1.a and Fig. 1.b. The green and purple curves are both based on realistic DM-RS channel estimation, and more specifically, the green curve is derived by known X value for phase compensation whereas the purple one is the result of deriving X by CSI-RS based timing estimation. It is seen that, for both X = 2us and 2.4us, the CSI-RS based timing estimation can almost achieve the same performance as that when X is known. 
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    1.c, zoom in of 1.a                          1.d, zoom in of 1.b
Figure 1: Throughput performance for X = 2us and 2.4us in 64QAM ¾. Note that the blue curves in all subfigures are the same.
Fig. 2 shows the throughput results for 16QAM 1/2. From Fig. 2.c and Fig. 2.d, the degradation of the case X = 2.4us is around 0.01dB from the case of X = 2us (3.79dB vs. 3.78dB) at 70% of the max throughput. The loss of 0.01dB is actually negligible. From our results, the CSI-RS based timing estimation can again work well for both cases.   
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        2.c, zoom in of 2.a                              2.d, zoom in of 2.b
Figure 2: Throughput performance for X = 2us and 2.4us in 16QAM ½. Note that the blue curves in all subfigures are the same.
In Fig. 3, the QPSK performance under SNR < 0dB is investigated. From Fig. 3.c and Fig. 3.d, it is seen that the induced ISI due to shorter CP region is completely negligible. The CSI-RS based timing estimation can still maintain the performance, without noticeable loss. 
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               3.c, zoom in of 3.a                             3.d, zoom in of 3.b
Figure 3: Throughput performance for X = 2us and 2.4us in QPSK 1/3. Note that the blue curves in all subfigures are the same.
3
Summary

Our conclusions through the study are as follows.
Observation 1: The performance impact of X = 2.4us is < 0.1 dB for 64QAM ¾ case, and the degradation is negligible for both 16QAM ½ and QPSK 1/3. 
Observation 2: The CSI-RS based timing estimation performs properly for the X = 2us and 2.4us.
Proposal 1: The timing offset range can be [-0.5, 2.4] us.
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