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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.  But in the way forward paper, the value of time offset and frequency shift was not decided yet. In this paper, we address our view on the value setting for time offset and frequency shift in FeICIC demodulation. 
2 Time offset

From UE point of view, the time offset can be given by
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 is defined as the deviation in frame start timing relative to the reference timing. 
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: is the amount of time it takes for the signal to travel from eNB to UE.

where 
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 is the difference between the actual arriving time of one cell signal and the reference timing. The reference timing can be provided by GPS or other timing provider. 
For 
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, system level simulation results are provided in Figure 1 and Figure 2. Simulation assumption is according to [4]. Case 4b(4) is selected. In Figure 1 and Figure 2, t0 is corresponding to 
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 of serving cell, and t1 and t2 are corresponding to  
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 of the first two strongest aggressor cells. If all pico UEs are considered, for the first strongest aggressor cell, we can see that the time offset due to 
[image: image8.wmf]opagation

T

Pr

 difference is in the range [0.26 1] us for ISD=500m, and it is in the range [0 5] us for ISD=1732. For the second strongest aggressor cell, 
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 difference is in the range of [0.28 1.5] us for ISD=500m, and is in the range of [0 7] us for ISD=1732m.  If only CRE UEs are considered, 
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 difference is smaller than all Pico UEs, the value is tabulated in Table 1. 
For TDD system, the minimum requirement for cell phase synchronization accuracy is given in section 7.4.2 [2] as


[image: image11.emf]Table 1  Cell phase synchronization requirement for wide area BS (TDD)   Cell Type  Cell Radius  Requirement    Small cell    3 km    3   s   Large cell  > 3 km    10   s    


For the envision Heterogeneous Network scenarios, 
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 should be within +/-1.5 us. For simplicity, we can model 
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 as a uniform distribution in [-1.5 +1.5] us. Based on the above model and the distribution of 
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based on system level simulation, we can get 
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 difference between the first/second strongest aggressor cell and the serving cell, which are shown in Figure 3 and Figure 4, and the corresponding values are tabulated in Table 1.  According to Figure 3 and Figure 4, if all Pico UEs are considered, 
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 difference between the first aggressor cell and the serving cell is [-1.2 2.7] and [-0.2 6.5] for ISD=500m and ISD=1732m, respectively. For CRE UEs, they are [-1.5 2.3] and [-2 2.6] for ISD=500m and ISD=1732m, respectively. 
Table 1: 
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 difference and 
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 range (us) for all Pico UEs
	[0.26 1]
	[0  5]
	[0.28 1.5]
	[0 7*]
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 range (us) for CRE UEs
	[0 0.63]
	[-1 1.6]
	[0.1 1.26] 
	[-0.5 4.6*]
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 difference for all Pico UEs
	[-1.2 2.7]
	[-0.2 6.5]
	[-1,  3.7]
	[0.3, 7.4*]
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 difference for CRE UEs
	[-1.5 2.3]
	[-2 2.6]
	[-1.3,  2.8]
	[-1.4, 5*]

	Note: 
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 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


Based on Table 1, we can have the following observations:
Observation 1: For the first strongest cell, 
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 difference is in the range of [-2 6.5] us if all Pico UEs or CRE UEs are considered. 
Observation 2: For the second cell, 
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 difference is larger than CP length with large percentage for ISD=1732m. The CRS IC in frequency domain is sceptical for the second aggressor cell for ISD=1732m case.  
In order to enable UE to be with robust CRS-IC performance in practical network, it is better to consider the worst case where 
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 difference is in the range of [-2 6.5] us for the first aggressor cell. But with very large time offset, it is challenged to use CRS-IC based on one FFT window. Considering the UE complexity and the test case coverage, we can have: 
Proposal 1: The lower bound of  
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 difference between the first strongest aggressor cell and the serving cell can be -2 us, and the upper bound of  
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 difference can be 3 or 4 us.  

Proposal 2: For the second strongest aggressor cell, the range of 
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 difference is FFS.. 
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Figure 1: 
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 difference between aggressor cells and serving cell for ISD=500m
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Figure 2: 
[image: image35.wmf]opagation

T

Pr

 difference between aggressor cells and serving cell for ISD=1732m
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Figure 3: 
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, k=1, 2)  between aggressor cells and serving cell for ISD=500m
[image: image39.emf]-10 -5 0 5 10 15 20

10

20

30

40

50

60

70

80

90

CDF [%]

Time_offset [us]

Case 4b(4) bias=9 dB ISD=1732 CSO=9

 

 

t

time_offset_1

-t

time_offset_0

 all Pico UEs

t

time_offset_2

-t

time_offset_0

 all Pico UEs

t

time_offset_1

-t

time_offset_0

 CRE UEs

t

time_offset_2

-t

time_offset_0

 CRE UEs


Figure 4: 
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3 Frequency Shift
According to 36.104, the minimum requirement for the frequency error is given in section 6.5.1.1 as Table 2.
Table 2:  Frequency error minimum requirement

	BS class
	Accuracy

	Wide Area BS
	±0.05 ppm

	Local Area BS
	±0.1 ppm

	Home BS
	±0.25 ppm


The frequency offset is associated with the frequency. In order to cover most of the deployment, 2.6 GHz can be assumed. Thus, the frequency shift between serving cell and aggressor cell shall be in the order of +/- 390 Hz. considering some implementation margin, +/-450 Hz is suitable for frequency shift. 

Proposal 2: +/-450 Hz can be set as frequency shift in the performance requirements
4 Summary
In this paper, we share our view for the time offset and frequency shift between serving cell and aggressor cell.  We have the following observations: 
Observation 1: For the first strongest cell, 
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 difference is in the range of [-2 6.5] us if all Pico UEs or CRE UEs are considered. 

Observation 2: For the second cell, 
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 difference is larger than CP length with large percentage for ISD=1732m. The CRS IC in frequency domain is sceptical for the second aggressor cell for ISD=1732m case.  

Based on the above observations, we propose to have:
Proposal 1: The lower bound of  
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 difference between the first strongest aggressor cell and the serving cell can be -2 us, and the upper bound of  
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 difference can be 3 or 4 us.  

Proposal 2: For the second strongest aggressor cell, the range of 
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 difference is FFS. 
Proposal 3: Frequency offset shall be +/-450 Hz
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