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Introduction
The RAN1 WG started work on the new Rel-16 NR V2X SI with the goal to introduce support of V2X communication technology for NR. RAN1 is discussing the basic physical layer design assumptions and send LS to RAN4 to clarify the RF/RRM design assumptions that could be applied to the NR V2X studies [1]. In RAN4 #89, RAN4 replied to RAN1 as follow [5]:
	1. Overall Description:
RAN WG4 discussed the NR V2X RF parameters for NR V2X physical layer design aspect. According to the RAN4 discussion, RAN4 provide following answer for the next questions from RAN1.
The current RAN4 reply only for RAN1 physical design evaluation. This initial RAN4 consensus is not for RAN4 requirements which will be decided in NR V2X WI stage.
· Question 1: RAN1 would like to ask RAN4 to confirm the validity of the evaluation assumptions or provide guidance on appropriate values for:
· AGC settling time.
· TX/RX switching time
· Timing error between a UE and its synchronization reference.
· Frequency error between a UE and its synchronization reference.

Answer 1: The below RF/RRM parameters are recommended for NR V2X evaluation in RAN1
· AGC settling time
· At least AGC settling time = 1 OFDM symbol for 15 kHz SCS is feasible. 
· RAN4 will further study if smaller AGC time is achievable incl. 15 kHz SCS.
· TX/RX switching time
· FR1: 13 us
· FR2: 7us 
· Timing error between a UE and its synchronization reference.
· FR1: 
· gNB synchronization reference source: reuse NR UE UL transmission timing error defined in Table 7.1.2-1 in TS38.133
· GNSS synchronization reference source: FFS
· NR UE synchronization reference source: FFS
· FR2: FFS 
· Frequency error between a UE and its synchronization reference
· FR1: ±0.1 ppm for gNB synchronization reference source
· FR2: ±0.1 ppm for gNB synchronization reference source. 
· FFS for other synchronization reference sources

For the case of NR V2X UE synchronization reference source, RAN4 needs inputs on the RAN1 physical layer design before the Timing and Frequency errors can be estimated.
· 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.

2. Actions:
To RAN WG1:
RAN WG4 respectfully asks RAN WG1 to evaluate the NR V2X sidelink operation taking into account the above recommendation. RAN4 will further study the remaining open issues in the upcoming meetings.


In this contribution, we would like to focus on IBE model which RAN4 agreed to have further discussion.
Discussion
FR1 IBE Model
In V2X Sidelink communication systems, In-band emission characteristics play an important role and may have substantial impact on the performance as power control is typically used and UEs transmit with maximum output power. The major issue caused by this situation is a near-far problem where an IBE from a nearby UE could easily overwhelm the desired receive signal from another UE which is far from the receiver. In Figure 2, we provide system-level simulation results which show the in-band emission impacts on the V2X performance (for more details on assumptions see [3]):
· Configuration 1: 10MHz BW and IBE on;
· Configuration 2: 10MHz BW and IBE off;
· Configuration 3: 40MHz BW and IBE on;
· Configuration 4: 40MHz BW and IBE off.
Our system level evaluations show that Configuration 2 (i.e. 10MHz BW without IBE impact) gives better performance than Configuration 3 (i.e. 40MHz BW with IBE impact). This means that solutions to reduce the level of IBE are of high importance to improve the performance of NR V2X.
[image: ]
[bookmark: _Ref520879872]Figure 1: LTE-V2X performance for 10MHz and 40MHz BW w/ and w/o IBE impact

We would like to remind that during the LTE sidelink discussions the issue on IBE model was raised. As an outcome, a more strict IBE model was agreed for RAN1 sidelink evaluations, where additional offsets on value of W, X, Y, Z for single cluster transmissions was set to [3, 6, 3, 3] dB ([4]). Later on this model was also reused for LTE-V2X sidelink evaluations. 
For the NR V2X model, we have also identified that current NR FR1 UL IBE mask is quite relaxed comparing to what UE could potentially achieved in practice and not directly applicable for V2X use cases. In fact, the V2X IBE is just a replica of the LTE IBE, and the current requirement is almost meaningless for a real application from our analysis. We believe it is good time to discuss a new IBE mask which fits for realistic V2X application scenario, i.e. no uplink power control, and we propose to tighten up the current requirements.

Observation #1: The current in-band emission mask for LTE V2X is too relaxed.

It is important to understand the differences of real operation between V2X UE and normal handheld (HH) UE. In normal handheld UE, it is power supply limited operation and power efficiency is the most important metric. There are trade-offs among PAPR/Output Power, In-Band Emission, and ACLR. Considering HH UE supports higher power class, i.e. PC2 or even higher, tightening IBE is not a viable option as tightening IBE would make lower output power to fulfil other RF requirements and power efficiency should be the primary interest. However, V2X UE will not have such a power supply limitation as long as an automotive operates and power efficiency is no longer a valid concern compared to HH UE. Having the near-far issue in V2X, RAN4 could come up with better solution for V2X performance by tightening IBE requirement while sacrificing power efficiency which is no more concern for V2X UE.

Observation #2: The key difference in real operation between NR HH UE and V2X UE where power efficiency is the most important metric for HH UE while it is not the case for V2X UE 

Observation #3: Having the near-far issue in V2X, RAN4 could come up with better solution for V2X performance by tightening IBE requirement while sacrificing power efficiency which is no more concern for V2X UE.

Proposal #1: RAN4 agrees on tightening V2X IBE requirement.

Below we provide views on the IBE characteristics which are feasible from the implementation perspective for V2X operation:
	Component
	Comments

	General IBE component
	Due to technology advancement the general TX IBE limits can be tightened 
· 
7dB tightening is feasible for the noise floor component (“”)
· 
Achievable tightening for the “” component typically depends on the TX modulation order. Two approaches can be considered:
· Option 1: Apply tightening 0/4/7 dB tightening for 64QAM / 16QAM / QPSK
· Option 2: Modify the component as follows: min(-20log10EVM, -25) – 3 – 5 (|ΔRB|-1)/LCRB

	IQ image
	Due to technology advancements in IC process/design as well as RF/IF impairment compensation, IQ image issue becomes less challenging in current implementation and not a bottle neck any more for the performance requirement. In general, the IQ component can be removed from the IBE table.

	Carrier leakage
	10 dB tightening of the carrier leakage can be considered at least for ≥ 0 dBm output power

	Overall IBE limit
	7 dB dB tightening is feasible for the overall IBE limit (PRB - 37 dB)



The proposed IBE model is shown in Table 1 (based on model in [2]):

Table 1. Proposed IBE model
	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)

	
	
	-28 – 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 11:    W = 7 dB; X1 = 7 dB; X2 = 0/4/7 dB for 64QAM / 16QAM / QPSK; Z1 = Z2 = 10dB;  Z3 = Z4 = 0dB


Examples of the original and proposed tightened IBE models for the case for 20MHz CBW + 15 kHz SCS are illustrated in Figure 1.
[image: ]
Figure 2. Legacy/Tightened IBE models 

Proposal #2:	Use the FR1 IBE model defined in Table 1 for NR V2X studies.
Conclusions
In this contribution we provided the views on the feasible NR V2X IBE model and recommend to provide the respective information to RAN1. In summary we make the following observations and proposal:

Observation #1: The current in-band emission mask for LTE V2X is too relaxed.
Observation #2: The key difference in real operation between NR HH UE and V2X UE where power efficiency is the most important metric for HH UE while it is not the case for V2X UE 
Observation #3: Having the near-far issue in V2X, RAN4 could come up with better solution for V2X performance by tightening IBE requirement while sacrificing power efficiency which is less concern for V2X UE.
Proposal #1: RAN4 agrees on tightening V2X IBE requirement.
Proposal #2: Use the FR1 IBE model defined in Table 1 for NR V2X studies.

Table 1. Proposed IBE model
	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)

	
	
	-28 – 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 11:    W = 7 dB; X1 = 7 dB; X2 = 0/4/7 dB for 64QAM / 16QAM / QPSK; Z1 = Z2 = 10dB;  Z3 = Z4 = 0dB
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