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1   Background
At last meeting, test design for power imbalance test for NR V2X were discussed [1]. The open issues and agreements are shown as follows:

	· Methodology for NR V2X power imbalance test

· Reuse the methodology from LTE V2X power imbalance test

· ICS level
· Option 1: -27dBc ICS 
· Option 2: ICS is higher than -27dBc
· Companies are encouraged to bring analysis on acceptable ICS level for NR V2X

· Distance between the two links
· Option 1: 10 PRBs
· Option 2: 30 PRBs
· Companies are encouraged to check the impact of IBE for options above for the next RAN4 meeting.
· PSSCH MCS 4

· SCI format 2-A configuration
· Payload = 35 Bits, [image: image2.png]


 = 1, [image: image4.png]Boffset



 = 3.5. 
· If no technical issues will be observed in the next RAN4 meeting, this configuration will be used for power imbalance requirements.
· Test metric: PSSCH BLER 10% of Sidelink UE 2



In this contribution, we will give our simulation results and further discussions on simulation assumptions 
2   Discussions 
Location of two links 
The purpose of power imbalance performance with two links test is to check the demodulation performance when receiving PSSCH transmissions from two sidelink UEs with power imbalance in one slot. Different location of two links can cause different RF impairment on ICS level. For simplicity, we prefer to reuse the procedure of LTE and minimize the impact of RF part. 
To minimize the influence of RF part, the distance of two UEs should be far away, hence we propose to use minimal sub-channel size (i.e.10RBs). The distance between two links can be 10RBs, 20RB, and 30RBs. But 30RBs allocation will cause IQ image between two links (Shown as Figure 1). Therefore, 30 RBs distance is not feasible.
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Figure 1  IQ image between two links when distance is 30RBs
Then we calculate the IBE when distance is 10 RBs and 20RBs according to Table 6.4.2.3-1 in TS 38101-1 as follows:

For 10RBs distance: IBE=[image: image6.emf](
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For 20RBs distance: IBE=[image: image7.emf](
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We can see that IBE is very high for 10 RBs distance and the IBE for 20 RBs distance is very closed to that for LTE V2V(-27.139 dBc). In order to minimum the impact of TX general IBE, the distance should be 20RBs. 
The carrier leakage shouldn’t be considered since sub-channel 3 is not allocated if we use set distance to 20 RBs

Proposal 1: In order to minimum the impact of RF impairment (minimize the TX general IBE, avoid the IQ image and carrier leakage), use 10 RBs sub-channel size and distance between two links should be 20RBs and following allocation can be used:
· Option 1: sub-channel 1(RB index: 0~9) for UE1 and sub-channel 4(RB index: 30~39) for UE 2.

· Option 2: sub-channel 2(RB index:10~19) for UE1 and sub-channel 5(RB index:40~49) for UE 2.
Simulation results for SINR2
From the simulation assumptions [2], the methodology for power imbalance test is defined as follows:

	Methodology for power imbalance test: 

· The target requirement ICS = [-27] dBc 

· Select SINR2 from simulation results for SNR@10% BLER point. 

· Select SNR2 such that SNR2 >> SINR2 (e.g., 5dB higher)

· Compute SNR1 from the relation: SINR2 = SNR2 – 10*log10(10^((SNR1 + ICS)/10)+1).


Figure 2 shows the simulation results for SNR @ 10% BLER point. The simulation assumptions derived from [2] are shown in appendix.
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Figure 2: Simulation results for SINR2
From the simulation we can see that SINR2 @10% of BLER in Figure 2 is -3.03 dB, SNR2 is 1.97 dB .
Table 1: Summary of simulation results for SNR 2
	
	Ideal results 
	Impairment results

	SNR2
	1.97dB
	2.97dB


ICI level 

From our understanding, the factors affecting ICS are AGC, ADC bit, imperfect synchronization and IBE. At last meeting we set ICS to -27dBc as baseline. We then give our analysis as follows:
For AGC, as we discussed in last meeting, the first OFDM symbol is lost to AGC training which is not used for demodulation, the output current can fit into the ADC dynamic range from the second OFDM symbol. Therefore, impact of AGC shouldn’t be considered.

For ADC bits, imperfect synchronization and IBE, we do a simulation for explicit modelling of two links. The method is described as follows:

· Strong link transmit on PRB 10~19 and weak link transmit on PRB 40~49.

· ICS is set to -26dBc and -27dBc, corresponding SNR1 of strong link is 29.34dBc and 30.34dBc.

· Add additional interference to weak link and corresponding INR=SNR1-IBE and IBE=-27.639dBc which is calculated in first part of this paper.
· The time domain signals of the two links are added and quantized by ADC, 600Hz for frequency offset and 12Ts for time offset are set at the receiving side.
The simulation results for performance of weak link is shown in Figure 3. From the simulation results we can see that when ADC bits is larger than 8, the performance is not sensitive to ADC bits and required SNR is 2.18dB for ICS=-27dBc and 1.52dB for ICS=-26dBc.  For ICS=-27dBc, required SNR of weak link derived from explicit modelling is 0.8dB lower than that required SNR derived from single link in Table 1.  Considering ADC part used in the simulation is the simplest form without any delta-sigma pre-processing. The margin should be larger in actual test. Therefore, we think it is feasible to set to use ICS=-27dBc.
Observation 1:  For ICS=-27dBc, required SNR of weak link derived from explicit modelling is 0.8dB lower than required SNR derived from single-link
Proposal 2: Use ICS=-27dBc
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Figure 3: Simulation results for explict modelling of two links.

2nd SCI configuration  

We do a simulation for 2nd SCI and corresponding assumptions are shown in appendix.
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Figure 4: Simulation results for 2nd SCI 

From our simulation results in Figure 4, when SNR is set to required point for PSSCH (1.97dB), the BLER of 2nd SCI stage 2 is far lower than 0.001. Therefore, 2nd SCI has no impact on PSSCH decoding by this configuration. Therefore, SCI stage 2 configuration specified in [2] is feasible.
Proposal 3: Use Osci2=35, Betta-offset=3.5 for 2nd SCI configuration.

3   Conclusion
In this contribution, we will give our simulation results and further discussions on simulation assumptions. The proposals and observations are:

Proposal 1: In order to minimum the impact of RF impairment (minimize the TX general IBE, avoid the IQ image and carrier leakage), use 10 RBs sub-channel size and distance between two links should be 20RBs and following allocation can be used:

· Option 1: sub-channel 1(RB index: 0~9) for UE1 and sub-channel 4(RB index: 30~39) for UE 2.

· Option 2: sub-channel 2(RB index:10~19) for UE1 and sub-channel 5(RB index:40~49) for UE 2.
Observation 1:  For ICS=-27dBc, required SNR of weak link derived from explicit modelling is 0.8dB lower than required SNR derived from single-link

Proposal 2: Use ICS=-27dBc
Proposal 3: Use Osci2=35, Betta-offset=3.5 for 2nd SCI configuration.
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5   Appendix
Table 5-1: Test assumptions

	Parameter
	Unit
	Test 1

	Channel bandwidth
	MHz
	20

	Subcarrier spacing
	kHz
	30

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

	Sidelink UE 1
	Sidelink Transmissions
	
	PSCCH + PSSCH

	
	PSSCH RB allocation
	
	PRB pairs {0~9}

	
	PSSCH RMC
	
	QPSK (MCS 4), 10RB

	
	PSCCH RB allocation
	
	PRB pairs {0~9}, 2 symbols

	
	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

	
	PSSCH RB allocation
	
	Option 1: PRB pairs {20~29}

Option 2: PRB pairs {40~49}

	
	PSSCH RMC
	
	QPSK (MCS 4), 10RB

	
	PSCCH RB allocation
	
	Option 1: PRB pairs {20~29}

Option 2: PRB pairs {40~49}, 

2 symbols

	
	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 5-2: Test parameters and RMC to derive SINR2 (For information)
	Parameters
	Unit
	Value

	Synchronization source
	
	GNSS

	Channel bandwidth
	MHz
	20

	Allocated resource blocks
	RB
	10

	Subcarrier spacing
	kHz
	30

	CP-OFDM symbols for slot with PSFCH(Note 1)
	
	9

	CP-OFDM symbols for slot without PSFCH 
	
	12

	DMRS symbols for slot with PSFCH
	
	[#1,#6,#11]

	DMRS symbols for slot without PSFCH
	
	[#3,#8]

	Modulation order
	
	2

	MCS index
	
	4 (308/1024)

	SCI format 2-A configuration
	Payloads
	Bits
	[35]
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	[3.5]

	Transport Block Size for slot with PSFCH
	Bits
	

	Transport Block Size for slot without PSFCH
	Bits
	

	Transport block CRC
	Bits
	24

	Maximum number of HARQ transmissions
	
	1

	Binary Channel Bits for slots with PSFCH(Note 2)
	
	

	Binary Channel Bits for slots without PSFCH
	Bits
	

	PSFCH resource period (Note 4)
	Slot
	[4]

	MinTimeGapPSFCH
	Slot
	[2]

	Antenna configuration
	
	1x2 Low

	Performance metric(Note 3)
	
	SNRPSSCH@10%BLER

	Note 1: OFDM symbols is for PSCCH/PSSCH transmission not including first symbol (AGC) and PSFCH symbols.

Note 2: 10 RBs and 2 symbols are allocated for PSCCH, and 2nd stage SCI is also allocated.

Note 3: The performance metric is used for PSSCH simulation evaluation.

Note 4: PSFCH is transmitted on every [4] slot.


