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Introduction
In RAN4#66 meeting, the performance impact of time offset and frequency shift was discussed. A way forward paper [1][4] is agreed. For time offset and frequency shift, we have two options:
· Option 1: (timing offset, frequency shift) = ([2.5~3]μs for both aggressor cells, [200Hz~300Hz]), where only considering the positive time offsets;
· Option 2: timing offset between the aggressor cell and serving cell is in the range of [-3, 3]us, frequency offsets are between [-300, 300]Hz.
System level simulation results have been shown for the time offset and frequency offset [2]. It is recapped here:



[bookmark: _Ref345517334]Table 1:  difference,  difference and  difference
	
	The first strongest aggressor cell
	The second strongest aggressor cell

	
	ISD=500m
	ISD=1732m
	ISD=500m
	ISD=1732m

	
(us)
	+/-1.5
	+/-1.5
	+/-1.5
	+/-1.5

	
 range (us) for all Pico UEs
	[0.26 1]
	[0  5]
	[0.28 1.5]
	[0 7*]

	
 range (us) for CRE UEs
	[0 0.63]
	[-1 1.6]
	[0.1 1.26] 
	[-0.5 4.6*]

	
 difference for all Pico UEs
	[-1.2 2.7]
	[-0.2 6.5]
	[-1,  3.7]
	[0.3, 7.4*]

	
 difference for CRE UEs
	[-1.5 2.3]
	[-2 2.6]
	[-1.3,  2.8]
	[-1.4, 5*]

	
Note:  for serving cell is assumed to zero in the table
(x)* is selected based on 80%-tile, otherwise, the low bound is based on 10%-tile and the upper bound is based on 90%-tile


 
In RAN4#66 meeting, interference level is tentative agreed [3]. In this paper, we update the link level results [5] based on the agreed interference level to analyse option 1 and option 2. 
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Simulation assumption
In Table 1, simulation assumption is given. For the interference cells, they are explicitly modelled. 
[bookmark: _Ref346029016]Table 1: Simulation assumption
[image: ]
Simulation results
[bookmark: _Ref346029091][bookmark: _GoBack]In section 3.1, simulation results are provided to investigate the performance impacted by timing offset. And in section 3.2, simulation results are provided to investigate the performance impacted by frequency shift. For PDSCH, [10 12] dB is set as the interference level, where 12 dB is for the cell with colliding CRS, and 10 dB is for the cell with non-colliding CRS. For PDCCH, [3 5] dB is set as the interference level, where 5 dB is for the cell with colliding CRS, and 3 dB is for cell with non-colliding CRS. 
[bookmark: _Ref352841538]Time offset impact
In this section, we provide link level 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 is relative to serving cell. The simulation results for PDSCH are shown in Figure 1, and results for PDCCH are shown in Figure 3. For PDSCH, link adaptation is used across the whole SNR range. In the legend, [a,b] stands for the offset of the first interference cell and the second interference cell relative to the serving cell is a and b , respectively.  

[image: ]
[bookmark: _Ref352842935]Figure 1: PDSCH performance with [INR1, INR2] = [10 12] dB assuming both the interference cells have frequency offset 300 Hz. 

[image: ]
[bookmark: _Ref352842940]Figure 2: PDCCH performance with [INR1, INR2] = [3, 5] dB assuming both interference cell 1 and interference cell 2 have 300 Hz frequency offset
From Figure 1, we can see that it has 0.5 dB performance degradation with time offset compared that without time offset. For option 1 with only positive timing and option 2 with both positive timing and negative timing, the PDSCH performance is very close. From PDCCH, compared with no time offset, 0.5~ 1dB performance loss is observed. For option 2 with both positive timing and negative timing offset, the performance is slightly worst than that with option 1, wherein only positive timing offset is used. We have the following observations:
Observation 1: For PDSCH, Option 1 and option 2 have very similar performance, and for PDCCH, the performance of option 2 is slightly worse than option 1. 
[bookmark: _Ref352841578]Frequency offset impact
In Figure 3 and Figure 4, simulation results are provided for investigating the frequency shift impact on the PDSCH performance and PDCCH performance when CRS-IM is used. In these simulation results, time offset for the first interference cell is assumed -3 us, and for the second interference cell is assumed +3us. 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 [300 -300] Hz. 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. 
[image: ]
[bookmark: _Ref352843627]Figure 3: PDSCH performance with [INR1, INR2] = [10 12] dB assuming the time offset for the first and second interference cell is -3 us and 3 us, respectively 


[image: ]
[bookmark: _Ref352843659]Figure 4: PDCCH performance with [INR1, INR2]= [3,5] dB assuming the time offset for the first and second interference cell is -3 us and 3 us, respectively
For Figure 3 and Figure 4, we can see that positive frequency shift and negative frequency shift have very similar impact on the PDSCH and PDCCH performance. 
Observation 2: negative and positive timing have the same effect on PDSCH performance and PDCCH performance. 
Remark on option 1 and option 2
From observation 1 and observation 2, we can see that option 1 and option 2 will have similar impact on the UE performance from link level point of view. However, from the test case coverage cases, option 2 can verify UE’s behaviour with both negative timing and positive timing, and negative frequency offset and positive frequency offset. It is expected to enable UE to have more robust performance in the practical network. Further, in option 1, the time offset between two aggressor cells are aligned, it is unrealistic. For some bad UE implementation, it may relatively easy to pass the test. Hence, we prefer to option 2 as the side condition for FeICIC demodulation test setup. We propose:
Proposals: Taken option 2 as the side condition for FeICIC demodulation test setup, CSI test setup and RLM.   
Summary
In this contribution, based on link level simulation, we analyse the performance impact of Option 1 and option 2. Based on the observations, we have the following proposal:
Proposals: Taken option 2 as the side condition for FeICIC demodulation test setup and CSI test setup.   
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