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Introduction
At RAN1 #94, RAN1 sent a LS to RAN4 to clarify the RF/RRM design assumptions that could be applied to the NR V2X studies [1]. One of the clarifying questions is on the IBE model. In RAN4#89, a LS response has answered that question as the following
	Question 2: RAN1 would like to know whether IBE model defined in Section A.2.1.5 in TR 36.843 is still applicable to NR sidelink transmission in FR1, including OFDMA and SC-OFDMA. If the model is not applicable, RAN1 would like to request guidance from RAN4 on an appropriate model for system-level simulations.
Answer 2: RAN4 has a common understanding IBE models for V2X SL can be improved comparing to the NR UL IBE model defined in TS 38.101-1 Section 6.4.2.3. RAN4 will further study NR FR1 V2X IBE model and inform RAN1 on final conclusions. (Note: The possible IBE model improvements are currently considered only for RAN1 evaluation. The actual RAN4 IBE requirements will be decided in WI stage).
As an intermediate solution RAN1 can use NR FR1 UL IBE model defined in the TS 38.101-1 Section 6.4.2.3 as a baseline approach for both waveforms. The following initial IBE models defined in the table below can be used as an approach for evaluations till further feedback from RAN4:
· Model 1: {W, X1, X2, Y1, Y2, Z1, Z2, Z3 and Z4} = {3, 6, 3, 3, 3, 3, 3, 3, 3} (note: this model is using same approach as in TR 36.843)
· Note that other models are under discussion in RAN4 and may be provided at a later stage.

	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	

	Any non-allocated (NOTE 2)

	IQ Image
	dB
	-28 - Y1
	Image frequencies when output power > 10 dBm
	Image frequencies (NOTES 2, 3)

	
	
	-25 - Y2
	Image frequencies when output power ≤ 10 dBm
	

	Carrier leakage
	dBc
	-28 - Z1
	Output power > 10 dBm 
	Carrier leakage frequency (NOTES 4, 5)

	
	
	-25 - Z2
	0 dBm ≤ Output power ≤10 dBm
	

	
	
	-20 - Z3
	-30 dBm ≤ Output power ≤ 0 dBm
	

	
	
	-10 - Z4
	-40 dBm  Output power < -30 dBm
	

	NOTE 1:	An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of PRB - 30 dB – W and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. PRB is defined in NOTE 10.
NOTE 2:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs. For pi/2 BPSK with Spectrum Shaping, the limit is expressed as a ratio of measured power in one non-allocated RB to the measured power in the allocated RB with highest PSD
NOTE 3:	The applicable frequencies for this limit are those that are enclosed in the reflection of the allocated bandwidth, based on symmetry with respect to the carrier frequency, but excluding any allocated RBs.
NOTE 4:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs.
NOTE 5:	The applicable frequencies for this limit are those that are enclosed in the RBs containing the DC frequency if NRB is odd, or in the two RBs immediately adjacent to the DC frequency if NRB is even but excluding any allocated RB.
NOTE 6:	LCRB is the Transmission Bandwidth (see Figure 5.3.3-1 TS 38.101-1).
NOTE 7:	NRB is the Transmission Bandwidth Configuration (see Figure 5.3.3-1 TS 38.101-1).
NOTE 8:	EVM s the limit for the modulation format used in the allocated RBs.
NOTE 9:	RB is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. RB= 1 or RB= -1 for the first adjacent RB outside of the allocated bandwidth).
NOTE 10:	PRB is the transmitted power per allocated RB, measured in dBm.



· Question 3: RAN1 would like to request guidance from RAN4 on an IBE model for sidelink communication in FR2
Answer 3: In the first stage to design NR V2X physical layer, RAN WG4 recommend to consider the IBE requirements in Section 6.4.2.3.4 for power class 3 UE (i.e. handheld UE) in TS 38.101-2 at FR2 for both waveforms. Note that RAN4 did not discuss the applicable FR2 UE PC for V2X communication.


However, as pointed out by some company during the last meeting, there is a confusion in RAN4 on whether the above answer is sufficient for RAN1 to continue the evaluation, or further discussion is still needed in RAN4.
We provide in this paper our analysis on this issue and propose direction to move forward in RAN4.
Discussion
System Evaluation
IBE plays an important role in NR V2X, as in all other distributed communication system due to the lack of network planning and power control. Due to IBE, V2X receivers may experience the near-far effect where the strong signal from a nearby transmitter in 1 frequency resources create enough leakage to a much weaker signal from a faraway transmitter on the other (non-overlapping) frequency resource to causes a reception failure. As a result, communication range is negatively impacted.
In [2], system simulations are provided to quantify the impact of IBE on a sample NR V2X system.
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[bookmark: _Ref520879872]Figure 1: LTE-V2X performance for 10MHz and 40MHz BW w/ and w/o IBE impact
The key observation from that evaluation is that the system with no IBE is more efficient than the system with IBE, even with a smaller channel bandwidth. That should not come as a surprise since the larger the channel bandwidth, the more transmission will happen at the same time in FDM manner (assuming RB allocation per each UE remain unchanged) and hence more impact from IBE.
At the same time, it is important to keep in mind that the configuration without IBE is just a theoretical one, which is impossible to achieve. One can never eliminate completely IBE, hence comparing the performance between current IBE mask and no IBE at all would be a quite misleading comparison. In our opinion, it would provide a much more meaningful comparison if we assume a certain range of tightening for each term of the IBE mask and see what the system performance improvement is if we tighten the current mask within those ranges. To this end, we perform our own system level evaluation with the following tightening range.
Table 1. IBE Tightening Range
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	
	Any non-allocated (NOTE 2)

	IQ Image
	dB
	-28- X
	Image frequencies when output power > 10 dBm
	Image frequencies (NOTES 2, 3)

	
	
	-28 – X
	Image frequencies when output power ≤ 10 dBm
	

	Carrier leakage
	dBc
	-28 – X 
	Output power > 10 dBm 
	Carrier leakage frequency (NOTES 4, 5)

	
	
	-25 – X
	0 dBm ≤ Output power ≤10 dBm
	

	
	
	-20 – X
	-30 dBm ≤ Output power ≤ 0 dBm
	

	
	
	-10 – X
	-40 dBm  Output power < -30 dBm
	

	NOTE 1:	An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of PRB - 30 dB – X and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. PRB is defined in NOTE 10.


Compare with the model answered to RAN1 earlier, this model is equivalent to putting all {W, X1, X2, Y1, Y2, Z1, Z2, Z3 and Z4} to X and we add 1 more term Y that control how fast the IBE slope roll-off once we move out of the allocated RBs. We then refer to X as the IBE margin and consider it in the range of [0,6]; we refer to Y as the IBE slope margin and consider it in the range of [0,5]. Within this framework, X = 0 and Y = 0 correspond to current NR Uu FR1 IBE mask. We consider 4 configurations:
1. 20 MHz Channel BW, X = 0 and Y = 0
2. 20 MHz Channel BW, X = 0 and Y = 5
3. 20 MHz Channel BW, X = 6 and Y = 0
4. 20 MHz Channel BW, 6 = 0 and Y = 5
For simulation setting, we consider a multicast system where each packet is intended to reach receivers within a range of 320m. Each packet is transmitted at least twice. After that, if there is receiver(s) within 320m that do(es) not receive the packet, those receivers will send a NACK feedback to trigger more retransmission. The maximum total number of retransmissions is 4, e.g. 2 initial transmissions and at most 2 other feedback-based retransmissions. Further detailed such as MCS, RB allocation, resource selection and reservation mechanism, etc. can be founded in [3]. We omit those details here since they belong to RAN1 scope and would not be appropriate to debate in RAN4.
The average packet reception rate on each of the configurations are given in Figure 2.
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Figure 2: NR-V2X performance for 20MHz under different IBE models

As we see from the result, even with the maximum tightening, there are only limited gain at long range, beyond the target range of 320 meters. Within the target range, tightening IBE provide no extra benefit at all. There are several factors that make the result to be that way:
1. Limited gain at long range:
a. The path loss model is much more forgiving in NR V2X. Compare to the pathloss model used to evaluate LTE V2X, NR V2X have a much lower path loss exponent, e.g. 2 for NR V2X versus 4 for LTE V2X. As a result, the same ratio of difference distance results in much smaller different in pathloss. Hence near-far effect is not as severe.
b. Each packet in NR V2X is transmit multiple times. This serves as a natural IBE diversity scheme in the sense that even though the first transmission is affected by IBE from a nearby transmitter. The next time that packet being retransmitted, it is more likely that such nearby transmitter is not active anymore. 
2. No gain within target zone:
a. This is thanks to feedback mechanism. Assuming that a UE within 320m cannot receive the packet due to IBE. It can always send a feedback to trigger a retransmission. Combining the mild path loss condition, and the IBE diversity of 3 retransmissions or more; it is fair to say that the residual effect of IBE in this case is very marginal.
However, to be fair, it worth mentioning that the scheme we consider here is only one of the schemes being considered by RAN1; and the impact of IBE on system performance may vary from scheme to scheme. So, the key take away here should not be the result itself, but the fact that it is impossible for RAN4 to come to a consensus on the benefit of tightening of IBE mask by a certain amount; as long as RAN1 has not agreed on a baseline system design. So, any discussion about tightening the IBE requirement in RAN4 would be immature at this point. The only thing RAN4 can do is to provide recommendations to RAN1 on how to modify the current IBE mask for the shake of evaluation in RAN1. 
That recommendation has been provided to some extent by the response LS [4] and is quite sufficient in our opinion. Any further discussion on RAN4 along that line, while possible, is not that necessary.
Observation 1: any discussion about tightening the IBE requirement in RAN4 would be immature at this point, given the status in RAN1.
Observation 2: RAN4 recommendation to RAN1 on how to modify current NR Uu IBE mask for the purpose of evaluation has been sufficiently provided in [4]. No further discussion is needed in RAN4.
Proposal 1: conduct no further discussion in RAN4 on how to modify current NR Uu IBE mask for the purpose of evaluation.
Proposal 2: the discussion on IBE tightening should start after RAN1 agree on a baseline system design.
Conclusions
We provide in this paper our view on NR V2X IBE model, which is the only remaining question in the LS [1] sent by RAN1. Base on the discussion, we have the following observations and proposals.
Observation 1: any discussion about tightening the IBE requirement in RAN4 would be immature at this point, given the status in RAN1.
Observation 2: RAN4 recommendation to RAN1 on how to modify current NR Uu IBE mask for the purpose of evaluation has been sufficiently provided in [4]. No further discussion is needed in RAN4.
Proposal 1: conduct no further discussion in RAN4 on how to modify current NR Uu IBE mask for the purpose of evaluation.
Proposal 2: the discussion on IBE tightening should start after RAN1 agree on a baseline system design.
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