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1 Introduction
The SI “Study on interference cancellation receiver for LTE BS” [1] was approved in RAN#73. In RAN4#81, a number of WFs were agreed regarding the deployment scenario and inter-cell interference [2], the baseline and reference receiver [3], and intra-cell interference [4]. Based on the discussions, the first simulation cases and the corresponding simulation assumptions were agreed in [5]. 
One open issue in determining the test case assumptions is whether to include time offset (TO) and frequency offset (FO). In [5] there are two options whether to add TO/FO in the assumptions as copied below. As TO/FO could cause additional inter-user interference, the impact on IC gain should be studied.
	· Timing delay and frequency offset

· Option 1: No timing delay and frequency offset for all the intra-cell and inter-cell UEs.

· Option 2: Non-zero timing delay and non-zero frequency offset for the intra-cell UEs, zero timing delay and frequency offset for the inter-cell UEs.
No timing delay and frequency offset for all the intra-cell and inter-cell UEs are assumed as baseline for the initial simulation submitted for the next meeting.


In this paper, we will analyze the impact of TO and FO on BS IC performance.
2 Discussion
First we discuss which TO and FO values should be used in the simulation.

For TO, one should consider the UE DL synchronization performance, which is reflected by the initial TX timing error as defined in section 7.1 of 36.133. The value is 12Ts for system BW larger than 1.4MHz. In addition, in section 7.3 of 36.133, it is specified that UE is allowed a relative error of 4Ts to the timing as signalled by TA command. As the TA in TA command is of granularity of 16Ts, there is a quantitation error of 16Ts. In total, it gives 12+4+16=32Ts≈1us.

For FO, one should consider the UE modulated carrier frequency error as defined in section 6.5.1 of 36.101. The allowed value is 0.1ppm, which gives 200Hz at centre of frequency of 2GHz. 
Next we will compare the performance with and without TO/FO. 
The simulated case is Case 2-3 in [5] The simulation assumptions used in this paper are same as in [5] and copied below. One reason to use Case 2-3 is that there are 4 UEs in this case so it is most sensitive to the inter-user interference caused by TO/FO. Another reason is that EVA70 channel is used and it is the most challenging condition for channel estimation with TO/FO.

	Case No.
	No. co-scheduled UEs
	Propagation condition
	MCS level (intra-cell UEs)
	Inter-cell interference scenario

	2-3
	4 UEs with equal SNR
	(EVA70 low, ETU70 low)
	MCS15 (16QAM 0.5)
	Low interference level in HomNet: DIP1 = -5.45 dB


The simulation assumptions are listed in Table 1.  

Table 1: Simulation assumptions for BS IC with TO/FO 
	Parameter
	Value

	System Bandwidth
	10MHz

	Frame Structure
	FDD

	TX number
	1

	RX number
	4

	Timing and frequency offset
	· Ideal: no TO, no FO

· FO only: [200, 200, -200, -200]Hz for 4 UEs
· TO only: [1, 1, -1, -1]us for 4UEs
· TO and FO: [1, 1, -1, -1]us and [200, 200, -200, -200]Hz for 4 UEs

	DMRS
	· Intra-cell UEs use different CS.
· Different base sequences for UEs associated with different cells.

	HARQ
	Disabled

	PRB allocation
	6

	Modulation of inter-cell interference
	Randomly modulated 16QAM symbol in interfering PUSCH

	Frequency hopping, TTI bundling
	Disabled

	Receiver
	· baseline: MMSE-IRC

· reference: MMSE-IC-IRC

	SINR definition 
	· S: power of one intra-cell UE

· I: intra-cell inter-user interference is not included in the “I” part

	Performance metric
	SNR@10% BLER


The simulation results are shown in Figure 1.
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Figure 1: Simulation results for Case 2-3 with TO/FO
From Figure 1, it can be seen that the impact of TO/FO on the performance of IC receiver is marginal. This is because in the receiver algorithm the TO and FO are estimated and mitigated. From Table 2 it is observed that the IC gain is robust to TO/FO. 

Table 2: Performance with baseline and reference receiver at 10% BLER
	Case
	TO/FO
	SNR@10% BLER baseline
	SNR@10% BLER reference
	IC gain @10% BLER

	Case 2-3 with 4RX
	Ideal
	15.08
	9.6
	5.48

	
	FO only
	15.05
	9.62
	5.42

	
	TO only
	15.07
	9.9
	5.17

	
	TO and FO
	15.13
	9.94
	5.19


Observation: Impact of TO/FO on the performance of IC receiver is marginal.
3 Conclusions 

In this paper, we provided our simulation results with TO and FO.

Observation: Impact of TO/FO on the performance of IC receiver is marginal.
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