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Discussion
1
Introduction
In RAN4#65, issues of frequency offset between TP1 (CRS transmitted) and TP2 (PDSCH and CSI-RS transmitted) were evaluated [1]. Specifically, with CFO range 100Hz~ 200Hz, the performance impact on the narrowband resource allocation (1 or 3 PRBs) is of particular interest. 
In this paper, the CFO = 200Hz with 1 or 3 PRBs are evaluated. If the performance is satisfactory under this condition, the requirement can be set at this level, or more aggressively, the companies can further study larger frequency offset value.
The DM-RS based frequency offset estimation, together with the post-FFT phase compensation, are performed.
2
Simulation results
The simulation is based on the behavior B assumption. The set up is as follows,

· 10MHz bandwidth, allocate 1, 3 or 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, EVA channel,

In each figure below, there are four curves. The green one is plotted with ideal DM-RS channel estimation under 0Hz frequency offset as the best performance reference. The blue one is derived by realistic DM-RS channel estimation under 0Hz frequency offset. The impact of 200Hz frequency offset with and without compensation on the throughput can be seen by purple and red curve, respectively. 
Let’s first check the throughput curves when the wideband is scheduled (50 PRBs). Fig. 1, Fig. 2 and Fig. 3 are the results of 64QAM ¾, 16QAM ½, and QPSK 1/3, respectively. The 200Hz frequency offset certainly degrades the performance without compensation. After post-FFT compensation, the performance is very close to the blue curve. 
Fig. 4, Fig. 5 and Fig. 6 show the throughput results of 64QAM ¾, 16QAM ½ and QPSK 1/3, respectively, with 1 and 3 allocated PRBs for subfigure (a) and (b). It is seen that, the overall SNR range covers from -6dB to 24dB, and at the condition of limited resource allocation, the frequency offset estimation can still achieve satisfactory performance so that as the compensation is applied, the purple curve is quite close to the blue one.
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  Fig. 1, 64QAM ¾, 50 PRBs


                    Fig. 2, 16QAM ½, 50 PRBs
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          Fig. 3, QPSK 1/3, 50 PRBs
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           Fig. 4.a, 64QAM ¾, 1 PRB                        Fig. 4.b, 64QAM ¾, 3 PRBs
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           Fig. 5.a, 16QAM ½, 1 PRB                       Fig. 5.b, 16QAM ½, 3 PRBs
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           Fig. 6.a, QPSK 1/3, 1 PRB                          Fig. 6.b, QPSK 1/3, 3 PRBs                                  
3
Summary

Our conclusions through the study are as follows.
Observation 1: The performance degradation is significant for frequency offset = 200Hz without compensation. 
Observation 2: With compensation, the narrowband scheduling cases (1 or 3 PRBs) can still maintain the performance for frequency offset = 200Hz.
Proposal 1: The frequency offset range can be up to 200Hz.
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