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1 Introduction

In RAN4#64bis meeting, the simulation assumption for RLM are agreed and captured in [1]. In RAN4#65 meeting, the RLM impact of timing offset and frequency shift is discussed [2]. In In this paper, we give our link level results for RLM considering timing offset and frequency shift. 
2 Simulation results for RLM
In the simulation, we only simulate RLM 1-1 and RLM 2-1 as shown in Table 1. In the interference model, we chose case 2 as the simulation assumption. In case 2, PBCH/SSS/PSS/SIB-1 is explicitly modelled in aggressor cells. 
Table 1. RLM Simulation Scenarios
	Scenario
	Description
	ABS pattern
	CFI
	Channel model
	Verification point

	RLM1-1
	2x2 8CCE DCI1A 10MHz SFBC
	Normal ABS
	2
	ETU 30 Hz
	10%

	RLM2-1
	2x2 4CCE DCI1C 10MHz SFBC
	Normal ABS
	2
	ETU 30 Hz
	2%


In the simuation, the physical cell Ids and the corresponding interference levels are shown in Table 2. Simulation results for RLM1-1 and RLM2-1 are shown in Figure 1 and Figure 2, where only time offset is considered and no frequeny shift is assumed. In Figure 3 and Figure 4, both time offset and frequency shift are assumed for RLM1-1 and RLM2-1 case. 
Table 2: Interference setting and cell ID setting for the interference cells
	Parameters
	Cell 1
	Cell 2

	Physical cell Id
	1
	3

	Es/Noc2
	2
	4


For time offset only, we consider two cases: 
· Case 1: Both cell 1 and cell 2 have no time offset (legend as [0 0] in Figure 1 and Figure 2)

· Case 2: Cell 1 is with -2 us time offset and Cell 2 is with 3 us time offset. The time offset is relative to the serving cell. (legend as [-2 3] in Figure 1 and Figure 2)

The time offset value is one example given in another companion paper [3]. From Figure 1 and Figure 2, we can see that when the first aggressor cell with -2 us and the second aggressor cell with 3 us time offset, both the performance of out-of-syn and in-syn has about 0.5 dB performance loss.
When both time offset and frequency offset are considered, time offset is selected from [0 0] us and [-2 3] us and frequeny shift is selected from [450 -450] Hz and [0 0] Hz. In the legend of Figure 3 and Figure 4, “time offset [x,y], freq. shift [a,b]” stands for the time offset of cell 1 is “x” us and the frequency shift is “a” Hz, meanwhile, the time offset of cell 2 is “y” us and the frequency shift is “b” Hz. From Figure 3 and Figure 4, we can see that the frequency shift impact is relatively smaller than that of time offset. 
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Figure 1: FDD RLM simulation results for RLM 1-1 with time offset only
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Figure 2: FDD RLM simulation results for RLM 2-1 with time offset only
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Figure 3: FDD RLM simulation results for RLM 1-1 with frequency shft and time offset
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Figure 4: FDD RLM simulation results for RLM 2-1 with frequency shft and time offset
In practical network, the time offset and frequency shift are always there. Based on the above simulation, we can see that time offset and frequency shift have some impact on the RLM performance. In order to make UE work robust in the practical network, we prefer to have time offset and frequency shift in the RLM test. 
Proposals: The time offset and frequency shift is preferred to have for RLM.  

Summary
In this paper, we provide link level simulation results for RLM considering time offset and frequency shift. We hope the group can take into account these results for final RLM requirements. We prefer to have time offset and frequency shift in RLM test. 
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