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1 Introduction
In RAN4#65 meeting, the performance impact of time offset and frequency shift was discussed. A way forward paper [1] is agreed.  In this paper, we provide our investigation on the performance impact of time offset and frequency shift based on link level. 
2 Simulation assumption
In Table 1, simulation assumption is given. For the interference cells, they are explicitly modelled. 
Table 1: Simulation assumption
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Parameter
Value Value Value
System bandwidth 10ME: 10ME: 10ME:
Cyolic prefix Nomal Nomal Nomal
Interfeing cell |0, MBFSN subframe|  Non MBFSN ABS Non-MBFSN ABS
configusation
Cell D 0 T 3
“Antenna configuration | 320 low conelation_| 320 low corelation 20, low comelation
Reference channel EVAS EVAS EVAS
Numberof OFDM | 2 symbals per 2 symbals per
symbols for PDCCE subframe subframe 2 symbols per subffame
PCFICH =) )
EVM emror % %
Modulation AMCSs AfMCSs
Toad Fullload Noload
Receiverfilter MMSERC NA
Channel estimation Practical Practical
ABS pattemin NA [y [y

interfering cell





3 Simulation results
In section 1.1, simulation results are provided to investigate the performance impacted by timing offset. And in section 1.2, simulation results are provided to investigate the performance impacted by frequency shift. Although the interference level is not decided yet, we give two sets of interference level, one is with [9 1] dB and the other is with [9 6] dB. [x y] stands the INR of the first interference cell is “x” dB and INR of the second interference cell is “y” dB. INR is the ratio of the interference over thermal noise and all interference excluding the first and second strongest interference cell. 
3.1 Time offset impact
In this section, we provide simulation results considering different time offset. In the simulation, the timing offset of serving cell is assumed zero, the timing offset of the first/second strongest interference cell relative to serving cell can be any one of [-3 0 3] us. In total, we have nine combinations for the same interference level setting. In the legend, [a,b] stands for the first aggressor cell with “a” us time offset and the second aggressor cell with “b” us time offset. The simulation results for PDSCH are shown in Figure 1 and Figure 2, and results for PDCCH are shown in Figure 3 and Figure 4. In the PDSCH, link adaptation is used across the whole SNR range. In the figure, the small box is the scale version of the corresponding range of SNR. It is used to zoom the figure to make the details be clearer. From Figure 1, Figure 2, Figure 3 and Figure 4, we can have the following observations:
Observation 1: Time offset have less impact on the low SNR region, and it has significant impact on the high SNR region
Observation 2: In high SNR region, when all signals are aligned, it can achieve the best performance. When both of the aggressor cells are not aligned with the serving cell, the performance is worsen. 

Observation 3: About 0.5 dB performances degradation can be observed when timing offset is considered for PDCCH.
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Figure 1: PDSCH performance with [INR1, INR2] = [9 1] dB
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Figure 2: PDSCH performance with [INR1, INR2] = [9 6]
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Figure 3: PDCCH performance with [INR1, INR2] = [9 1] dB
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Figure 4: PDCCH performance with [INR1, INR2]= [9 6] dB

From observation 1, we can see that it is very important to set check point in high SNR to avoid any loss due to CRS handling. Further, low SNR is the main target SNR for CRE UE. Hence, it is also very important to have test to verify the UE performance under low SNR region. 
Proposal 1:  Both low SNR and high SNR shall be checked to verify UE performance. 
Just as discussed in the companion paper [2], the range of time offset is [-2 6.5] for the first aggressor cells. It means there is positive timing as well as negative timing. From the above figures, we can see that when both negative and positive timing exist, the performance is in the campaign with worst performance. In order to increase the coverage of the test, it is better to have negative and positive timing in the same time.  We can assume the strongest one is with positive timing and the second strongest one is with negative timing. 

Proposal 2: When two aggressor cells are modelled, one is with positive timing offset and one is with negative timing offset. The first strongest one is with positive time offset and the second strongest one is with negative timing.   

3.2 Frequency shift impact
In Figure 5 and Figure 6, simulation results are provided for investigating the frequency shift impact on the CRS handling performance. In these simulation results, no time offset between aggressor cells and serving cells is assumed. For serving cell, 0 Hz frequency shift is assumed. For the first strongest aggressor cell and second strongest aggressor cell, the frequency shift is selected from [0 450 -450], which is given in [2]. In the legend, [u, v] stands the first aggressor cell is with “u” Hz frequency shift and the second aggressor cell is with “v” Hz frequency shift. 
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Figure 5: PDSCH performance with [INR1, INR2] = [9 1] dB 
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Figure 6: PDSCH performance with [INR1, INR2] = [9 6] dB
From the above figures, we can see that performance with frequency offset is degraded. The degradation is within 0.5 dB. Further, the negative frequency shifting and positive frequency shifting has the same performance. Hence, it has not too much impact to set negative frequency shifting or positive frequency shifting. But in order to enlarge the test coverage, we can set one is with negative frequency shifting and one is with positive frequency shifting. 
Proposals 3: When two aggressor cells are modelled, one is with negative frequency shifting and one is positive frequency shifting. 
4 Summary
In this paper, we provide simulation results to investigate the performance impact from time offset and frequency shift. Based on the simulation results, we have the following proposal for the test setup: 
Proposal 1:  Both low SNR and high SNR shall be checked to verify UE performance. 

Proposal 2: When two aggressor cells are modelled, one is with positive timing offset and one is with negative timing offset. The first strongest one is with positive time offset and the second strongest one is with negative timing.   

Proposals 3: When two aggressor cells are modelled, one is with negative frequency shifting and one is positive frequency shifting. 
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