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1. Introduction

In the last RAN4 meeting WF on ICS Value in Power Imbalance Test was approved [1].
	· Companies are encouraged to provide power imbalance demodulation simulation next meeting to confirm feasibility of:

· 30 dBc

· 27 dBc

· 25 dBc

· Simulation Assumption:

· Model explicitly joint SA and Data decoding

· Model explicitly concurrent strong and weak links

· Simulation assumption is the same as the test setting in 14.4 of TS 36.101

· Companies to clarify:

· If AGC clipping is model and how it is model.

· How ADC quantization is modelled.

· Change of performance requirement can be addressed in maintenance part in next meeting using the highest feasible ICS value. 


In this contribution we provide our views on the ICS requirements.
2. Discussion
During the V2X WI Performance part it was agreed to define the power imbalance test case requirements based on ICS = 25dBc. In RAN4 #84 meeting it was proposed to conduct additional analysis to decide if the requirements should be further tightened (e.g. use ICS = 30 or 27 dBc).

The high-level illustration of the power imbalance scenarios is provided in Figure 1 and detailed test description is captured in the Annex.
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Figure 1. Power imbalance test setup

In our view to make the conclusion on further tightening the requirements RAN4 needs to conduct detailed studies on achievable ICS performance taking into account RX RF impairments and also asses the TX IBE requirements.

RX ICS analysis

The following factors make contribution to the receiver ICS performance:

· ADC: Number of ADC bits has direct impact on the receiver dynamic range. Together with ADC back-off selection it has impact on the achievable clipping and quantization noise levels. 

· AGC accuracy: In general, practical AGC implementation may not ensure ideal power estimation and in the worst case it may be assumed that the AGC accuracy is not worse than the S-RSSI measurements accuracy. Ideal AGC estimation allows maintaining optimal ADC back-off, while estimation accuracy would result in ADC back-off bias and would lead to additional quantization noise or signal clipping depending on how original BO was selected and whether the AGC overestimated or underestimates the total receive power.

· Synchronization: In accordance to the UE RF requirements UE should be capable to achieve 0.1 ppm TX/RX frequency accuracy. Imperfect synchronization would cause additional ICI which may limit the performance.

· DC offset: For the power imbalance test case the PSSCH resource allocations are chosen in way to minimize the DC impact. Hence, it may not be taken into account.
· IQ imbalance: For the power imbalance test case the PSSCH resource allocations are chosen in way to minimize the IQ imbalance impact. Hence, it may not be taken into account.
· Other RX RF non-linearity factors (e.g. RX phase noise) may also need to be taken into account in order to derive the final conclusions.
In Figure 1 we provide simulation results with analysis of ICS level taking into account imperfect synchronization (0.1 ppm), practical AGC error and ADC performance. The simulation results are provided for the different assumptions on the number of available ADC bits. From these results we can observe that for the case when ADC has 6 or more bits resolution, the ICS level is below -40 dBc. However, we also note that RAN4 does not have agreements on the particular ADC implementation and further discussion whether low resolution ADC should be precluded needs to take place. We also note that the simulation results take into account a subset of RF impairments and in order to derive the final conclusions additional impairments included RX phase noise should be taken into account.
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	Figure 2. ICS leakage power, dB


Observations #1: For the case when ADC has more than 6 bits, the ICS level is below -40 dBc in case of explicit modelling of ADC, imperfect AGC and synchronization errors. FFS if other factors may reduce the ICS performance.

Proposal #1:
Further discuss if additional RF impairments need to be taken into account for the ICS analysis.
RX link-level demodulation performance
In Figure 2 we provide link-level simulation results with analysis of the weak link PSSCH performance in case of explicit modelling of the strong link corresponding to different ICS levels. In the simulations we explicitly model 8bit ADC and imperfect synchronization effects. The results show that the presence of the strong link signal leads to very small weak link PSSCH performance degradation.
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	Figure 3. PSSCH demodulation impact


Observations #2: For the case of explicit modelling of 8bit ADC and imperfect synchronization, the weak link demodulation performance is not very sensitive to the ICS level.

TX IBE performance
In Figure 3 we illustrate the TX in-band emission requirements mask for the strong link signal resource allocation. It may be observed that under practical conditions in case of strong link transmission the TX IBE level in the PRBs corresponding to the weak link will vary in the range from -28dB to -30dB. Hence, further tightening the receiver ICS requirements to -30dB may not be completely justified and lower values should be considered (e.g. -27dBc).
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Figure 4. TX IBE requirements
Observations #3: IBE level for the strong link will result in -28 … -30 dB noise level on the weak link resources.

3. Conclusions

In this contribution, we provided our view of feasible ICS value. In summary, we make the following observations and proposals:

Observations #1: For the case when ADC has more than 6 bits, the ICS level is below -40 dBc in case of explicit modelling of ADC, imperfect AGC and synchronization errors. FFS if other factors may reduce the ICS performance.

Observations #2: For the case of explicit modelling of 8bit ADC and imperfect synchronization, the weak link demodulation performance is not very sensitive to the ICS level.

Observations #3: IBE level for the strong link will result in -28 dB … -30 dB noise level on the weak link resources.

Proposal #1:
Further discuss if additional RF impairments need to be taken into account for the ICS analysis.
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Annex – Power Imbalance test setup
14.4
Power imbalance performance with two links
The purpose of this test is to check the demodulation performance when receiving PSSCH transmissions from two Sidelink UEs with power imbalance in one subframe. 

The minimum requirements are specified in Table 14.4-2 with the test parameters specified in Table 14.4-1. The Sidelink UE 1 and 2 are synchronized to GNSS or GNSS-equivalent synchronization reference.

Table 14.4-1: Test Parameters

	Parameter
	Unit
	Test 1

	Communication resource pool configuration
	
	As specified in Table A.9-2

(Configuration #2-V2X)
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N

at antenna port
	dBm/15kHz
	-98

	Active cell(s)
	
	None

	Active Sidelink UE(s)
	
	Sidelink UE 1, Sidelink UE 2

	Sidelink UE 1
	Sidelink Transmissions
	
	PSCCH + PSSCH

	
	PSCCH RB allocation
	
	PRB pairs {5, 6}

	
	PSSCH RMC
	
	 As specified in Table 14.4-2

	
	PSSCH RB allocation
	
	PRB pairs {7, 8, 9}

	
	Time offset (Note 1)
	(s
	0

	
	Frequency offset (Note 2)
	Hz
	0

	
	Propagation Channel
	
	AWGN

	
	Antenna configuration
	
	1x2

	Sidelink UE 2
	Sidelink Transmissions
	
	PSCCH + PSSCH

	
	PSCCH RB allocation
	
	PRB pairs {20, 21}

	
	PSSCH RMC
	
	 As specified in Table 14.4-2

	
	PSSCH RB allocation
	
	PRB pairs {22, 23, 24}

	
	Time offset (Note 1)
	(s
	0

	
	Frequency offset (Note 2)
	Hz
	0

	
	Propagation Channel
	
	AWGN

	
	Antenna configuration
	
	1x2

	Note 1:
Time offset of Sidelink UE receive signal with respect to GNSS reference timing.

Note 2:
Frequency offset of Sidelink UE with respect to GNSS reference frequency.


Table 14.4-2: Minimum performance

	Test number
	Bandwidth
	Sidelink UE
	PSSCH Reference channel
	Reference value

	
	
	
	
	PSSCH BLER (%)
	SNR (dB) of PSSCH

	1
	20MHz
	1
	CD.10
	(Note 1) 
	[28.35]

	
	
	2
	CD.10
	10
	13.3

	Note 1:
There is no throughput requirement for Sidelink UE 1.
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