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Introduction
In RAN4#107 meeting, the SSB-less operation was further discussed and the WF is captured in [1]. Specifically, the following was proposed for further study regarding the performance evaluation for feasibility studies: 
Issue 1-2-10: Performance evaluation for feasibility study
FFS
· Proposal 1: RAN4 to discuss and agree that the performance evaluation metrics to establish the feasibility of SSB-less SCell operation include at least metrics related to the demodulation performances of the PDSCH transmitted by the SSB-less SCell (e.g. BLER). (Nokia)
· Proposal 2: For all Scenario 1, 2 and 2a, no need to perform PDCCH/PDSCH performance evaluation. (ZTE)
· Proposal 2a: For band combination with small frequency domain separation, no need to carry out the performance evaluation. (CTC)
In last meeting #108, we have provided the initial simulation results for SSB-less SCell operation (i.e., Scenario 1: SCell without SSB transmission and with TRS transmission), evaluated in terms of the demodulation performance of PDSCH (i.e., the BLER of PDSCH) [2]. Recall that in the initial simulations, we have not used any timing offset (TO) correction algorithms. As a result, the obtained PDSCH BLER performances were below 10% only until TO was less than 50% of cyclic prefix (see the observations in [2]). 
[bookmark: _Hlk146267549]In this TDoc, we provide additional simulation results for Scenario 1by enabling TO estimation and compensation mechanism. Specifically, we evaluate the demodulation performance of PDSCH (i.e., the BLER of PDSCH) by enabling TO estimation and compensation mechanism.
Discussion
In this section, we provide the simulation parameters, assumptions, scenarios, and numerical results. 
2.1 Simulation Scenarios

In these simulations, we have considered only the SCell. A UE uses the SSBs of PCell to do the synchronization of the SCell, i.e., the SSB-less operation of SCell. Having used time and frequency synchronization values of a PCell for the physical channels in the SCell may impact the performance on those channels, depending on the magnitude of the time/frequency offset. The signals received at the UE from the PCell and SCell are related via TAE and RTD parameters. We introduce a timing offset in the simulations to emulate the impact of RTD/TAE on BLER performance of PDSCH. Here, we have not considered the frequency offset.

2.2 Simulation Parameters

The set of parameters used in our simulations is listed in Table 1. 

	Parameter​
	Value​

	Channel model​
	AWGN​

	Number of UE antennas ​
	1R ​

	Number of gNB antennas​
	1T​

	MCS​
	MCS 7 (Table 2)​

	HARQ​
	Enabled​

	DMRS type​
	DM-RS type 1​

	Number of DMRS symbols​
	1​

	Number of scheduled RBs​
	24​

	PDSCH mapping​
	Type A, Start symbol 2, Duration 12​

	Rank​
	Fixed rank: 1​

	Channel Estimation​
	Practical​

	TO Estimation & Compensation Enabled​
	Yes, FD estimation, TD Correction ​

	[bookmark: _Ref142591024][bookmark: _Ref142571998]Table 1: Simulation assumptions and parameters



Note that in these set of simulations we have used an AWGN channel (i.e., no specific fading model is used) for simplicity and to clearly see the impact of timing offsets (TO) in PDSCH performances. A practical channel estimation model is used. We have considered both 15 kHz and 30 kHz SCSs in the simulations.
2.3 Results and Observations

In this subsection, we discuss the impact of TO on BLER of the PDSCH for different SCSs (i.e., for 15 kHz and 30 kHz) in FR1, for the set of parameters and assumptions listed in Table 1. Here a TO is experienced by the UE when using the SCell that does not transmit the SSBs (SSB-less operation of the SCell).
Figure 1 and Table 2 show the BLER vs SNR performance for SCS = 15 kHz and for different values of TOs, where Figure 1(a) shows results without TO compensation (previously presented results in [2]) and Figure 1(b) with TO estimation and compensation. Note that the TO is represented as a percentage of CP value, i.e., when TO = 0.2345 us means TO = 5% of CP.
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	Figure 1: BLER vs SNR performance for SCS = 15 kHz: (a) without TO compensation (b) with TO compensation 


Results show that the BLER increases as the TO increases. Specifically, results in Figure 1(a) show that when SNR < 10dB the BLER is below 10% from TO = 0% of CP up to TO = 45% of CP, i.e., when TO is below 2.1105 us.  Results in Figure 1(b) show that when TO compensation is enabled and when SNR < 10 dB the BLER is below 10%, from TO = 0% of CP up to TO = 100% of CP, i.e., when TO = CP. However, at 99% of CP the degradation of BLER is 1.24 dB compared to 0% CP case, and at 100% of CP the degradation of BLER is 1.73 dB, see Table 2. In case of 97% of CP, the BLER = 8.92 dB and the degradation of BLER is < 1 dB (i.e., 0.9 dB), compared to 0% CP case (compared columns 4 and 5 in Table 2). 
	AWGN Noise, No Channel, 1T1R, 1 Layer, MCS 7 (T2), TO compensation ON, 15kHz SCS

	TO as % CP
	CP (us)
	TO (us)
	10% BLER (SNR dB)
	Degradation (dB)

	0
	4.69

	0
	8.02
	0

	64
	
	3,0016
	8.11
	0.09

	95
	
	4,4555
	8.39
	0.37

	97
	
	4,5493
	8.92
	0.9

	99
	
	4,6431
	9.26
	1.24

	100
	
	4,69
	9.75
	1.73

	150
	
	7,035
	10% BLER Not Reached
	NA
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Table 2: Tabulated results of Figure 1(b)
Observation 1: When SCS = 15 kHz and until TO <= 97% of CP (i.e., until TO <= 4.5493 us), the PDSCH BLER performance is below 10% and the degradation of BLER (compared to 0% of CP case) is < 1 dB.  

Figure 2 shows the BLER vs SNR performance for SCS = 30 kHz and for different values of TOs, where Figure 2 (a) shows results without TO compensation (previously presented results in [2]) and Figure 2 (b) with TO estimation and compensation. Results show a similar behavior as shown in SCS = 15 kHz case.
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	[bookmark: _Ref146276557]Figure 2: BLER vs SNR performance for SCS = 30 kHz: (a) without TO compensation (b) with TO compensation

	


Specifically, results in Figure 2(a) show that when SNR < 10dB the BLER is below 10% from TO = 0% of CP up to TO = 45% of CP, i.e., when TO is below 1.053 us.  Rresults in Figure 2(b) show that when TO compensation is enabled and when SNR < 10 dB, the BLER is below 10% from TO = 0% of CP up to TO = 99% of CP, i.e., when TO is below 2.3166 us (where CP = 2.34 us). However, at 99% of CP the degradation of BLER is 1.61 dB compared to 0% CP case, see Table 3. In case of 97% of CP, the BLER = 8.32 dB and the degradation of BLER is 0.49 dB, compared to 0% CP case (compared columns 4 and 5 in Table 3).

	AWGN Noise, No Channel, 1T1R, 1 Layer, MCS 7 (T2), TO compensation ON, 30kHz SCS

	TO as % CP
	CP (us)
	TO (us)
	10% BLER (SNR dB)
	Degradation (dB)

	45
	2.34
	1,053
	7.84
	0

	75
	
	1,755
	7.86
	0

	95
	
	2,223
	7.90
	0.07

	97
	
	2,2698
	8.32
	0.49

	99
	
	2,3166
	9.45
	1.61

	100
	
	2,34
	10.31
	2.47

	128
	
	2,9952
	10% BLER Not Reached
	NA


[bookmark: _Ref142595114]
Table 3: Tabulated results of Figure 2(b)
Observation 2: When SCS = 30 kHz and until TO <= 97% of CP (i.e., until TO <= 2,2698 us), the PDSCH BLER performance is below 10% and the degradation of BLER (compared to 0% of CP case) is < 1 dB.  

Observation 3: For both SCS = 15 kHz and 30 kHz cases, when TO estimation and compensation is enabled, we can observe that the PDSCH BLER performance is within an acceptable range (i.e., below 10%) until TO is 97% of CP, and the degradation of BLER compared to 0% CP is < 1 dB. 
Conclusion
In this paper we have made the following observations obtained via SSB-less SCell simulations with TO estimation and compensation enabled:
Observation 1: When SCS = 15 kHz and until TO <= 97% of CP (i.e., until TO <= 4.5493 us), the PDSCH BLER performance is below 10% and the degradation of BLER (compared to 0% CP) is < 1 dB.  

Observation 2: When SCS = 30 kHz and until TO <= 97% of CP (i.e., until TO <= 2,2698 us), the PDSCH BLER performance is below 10% and the degradation of BLER (compared to 0% CP) is < 1 dB.  

Observation 3: For both SCS = 15 kHz and 30 kHz cases, when TO estimation and compensation is enabled, we can observe that the PDSCH BLER performance is within an acceptable range (i.e., below 10%) until TO is 97% of CP, and the degradation of BLER compared to 0% CP is < 1 dB. 
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