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1. Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]In RAN4#94-e-bis meeting, the corresponding CRs concerning Rx RF requirements for NR V2X have been agreed but with a few remaining issues undetermined, e.g. the maximum input level. Additionally, we still have concerns on REFSENS for band n38 and ACS. This contribution will provide our views on the remaining issues on Rx RF requirements for NR V2X, including the maximum input level, REFSENS and ACS.
2. Discussion
Reference sensitivity:
In RAN4#94-e-bis meeting, the REFSENS levels for the ITS band n47 and licensed band n38 have been decided with square brackets. In terms of the current REFSENS requirements, the gap between n38 and n47 is as large as 4dB (much higher). The reason for the large gap between n38 and n47 is that n38 reuses the NF of 9dB for non-V2X UE whilst n47 use the NR of 13dB for V2X UE. However, n38 is used for NR V2X and cannot directly reuse the NF (9dB) for NR Uu. It is a natural way to use 13dB NF for n38 like n47. So the reference sensitivity of NR V2X bands are specified as Table 1.
Table 1: Reference sensitivity of NR V2X Bands (PC5)
	
	
	Channel bandwidth / PREFSENS_V2X(dBm)

	NR V2X
Band
	SCS
kHz
	10 MHz
	20 MHz
	30 MHz
	40 MHz
	Duplex
Mode

	[bookmark: _Hlk37422054]n38
	15
	[-92.8]
	[-89.8]
	
	[-86.6]
	TDD

	
	30
	[-93.1]
	[-90.0]
	
	[-86.7]
	TDD

	
	60
	[-93.5]
	[-90.2]
	
	[-86.9]
	TDD

	n47
	15
	[-92.8]
	[-89.7]
	[-87.9]
	[-86.6]
	HD

	
	30
	[-93.1]
	[-89.9]
	[-88.0]
	[-86.7]
	HD

	
	60
	[-93.5]
	[-90.1]
	[-88.1]
	[-86.9]
	HD

	NOTE 1:	Reference measurement channel is defined in A.x.x.
NOTE 2:	The signal power is specified per antenna port.



Proposal 1: The same NF value (13dB) as n47 should be used for n38 REFSENS. The REFSENS of NR V2X bands are specified as Table 1.

Maximum input level:
In RAN4#94-e-bis meeting, the WF on maximum input levels for NR V2X at n47 was approved [1].
· Maximum input level at n47
· Option 1: Follow max. input levels from NR Uu for 64QAM and 256QAM
· Option 2: Follow LGE proposal (R4-2003840) considering max. power at n47
· Option 3: -25dBm for 64QAM and -27dBm for 256QAM applicable to all CBWs
  WF: It will be decided in the next meeting.
DFT-s-OFDM waveform is used in LTE V2X whilst CP-OFDM is used in NR V2X. Due to the different PAPR between such two waveforms, the maximum input levels should not reuse those of LTE V2X. As agreed before, the maximum input levels for NR V2X should be specified based on modulation order (64QAM and 256QAM) like NR Uu. In LTE V2X, only 10MHz and 20MHz CBW are specified. The maximum input level for 10MHz and 20MHz CBWs are the same value (-22dBm for 16QAM and -23dBm for 64QAM). But 10MHz, 20MHz, 30MHz and 40MHz CBWs are specified in NR V2X, and the impact on the maximum input level arising from larger CBW should be taken into account. Based on above consideration, the maximum input levels for NR Uu can be reused for NR V2X. 
Table 2: Maximum input level of NR V2X
	Rx Parameter
	Units 
	Channel bandwidth

	
	
	10 MHz
	20 MHz
	30 MHz
	40 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	-251
	-251
	-231
	-221

	
	
	-272
	-272
	-252
	-242

	NOTE 1:	Reference measurement channel is FFS for 64 QAM.
NOTE 2:	Reference measurement channel is FFS for 256 QAM.



Proposal 2: The maximum input level for NR Uu can be reused for NR V2X as specified in Table 2.
Adjacent channel selectivity 
In terms of NR Uu or LTE V2X, the interferer power for ACS is defined as one value (-25dBm for NR Uu, -22dBm for LTE V2X) for different channel bandwidths. For NR V2X, the interferer power -25dBm for NR Uu can be reused due to the waveform difference between NR and LTE. The powers in transmission bandwidth configuration for different channel bandwidth can be correspondingly derived based on the ACS levels. The test parameters for ACS for V2X Case 2 are specified as Table 3.
Table 3: Test parameters for Adjacent channel selectivity for V2X, Case 2
	RX parameter
	Units
	Channel bandwidth

	
	
	10 MHz
	20 MHz
	30 MHz
	40 MHz

	Power in transmission bandwidth configuration
	dBm
	-56.5
	-50.5
	-49.0
	-47.5

	Pinterferer
	dBm
	-25

	BWinterferer
	MHz
	10
	10
	10
	10

	Finterferer (offset)
	MHz
	10 / -10
	15 / -15
	20 / -20
	25 / -25

	NOTE 1:	The interferer is QPSK modulated PUSCH containing data and reference symbols. Normal cyclic prefix is used.

NOTE 2:	The absolute value of the interferer offset Finterferer (offset) shall be further adjusted to MHz with SCS the sub-carrier spacing of the wanted signal in MHz. The interferer is an NR signal with 15 kHz SCS.



Proposal 3: The test parameters for ACS for V2X Case 2 are specified as Table 3.
Based on above proposal, the corresponding TP on the remaining issues on Rx RF for NR V2X is derived in our companion paper [2]. 
3. Conclusion
The remaining issues on RX RF for NR V2X, e.g. the maximum input level, ACS, are primarily analysed in this paper. The following proposals are concluded as follows:

Proposal 1: The same NF value (13dB) as n47 should be used for n38 REFSENS. The REFSENS of NR V2X bands are specified as Table 1.
Table 1: Reference sensitivity of NR V2X Bands (PC5)
	
	
	Channel bandwidth / PREFSENS_V2X(dBm)

	NR V2X
Band
	SCS
kHz
	10 MHz
	20 MHz
	30 MHz
	40 MHz
	Duplex
Mode

	n38
	15
	[-92.8]
	[-89.8]
	
	[-86.6]
	TDD

	
	30
	[-93.1]
	[-90.0]
	
	[-86.7]
	TDD

	
	60
	[-93.5]
	[-90.2]
	
	[-86.9]
	TDD

	n47
	15
	[-92.8]
	[-89.7]
	[-87.9]
	[-86.6]
	HD

	
	30
	[-93.1]
	[-89.9]
	[-88.0]
	[-86.7]
	HD

	
	60
	[-93.5]
	[-90.1]
	[-88.1]
	[-86.9]
	HD

	NOTE 1:	Reference measurement channel is defined in A.x.x.
NOTE 2:	The signal power is specified per antenna port.




Proposal 2: The maximum input level for NR Uu can be reused for NR V2X as specified in Table 2.
Table 2: Maximum input level of NR V2X
	Rx Parameter
	Units 
	Channel bandwidth

	
	
	10 MHz
	20 MHz
	30 MHz
	40 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	-251
	-251
	-231
	-221

	
	
	-272
	-272
	-252
	-242

	NOTE 1:	Reference measurement channel is FFS for 64 QAM.
NOTE 2:	Reference measurement channel is FFS for 256 QAM.



Proposal 3: The test parameters for ACS for V2X Case 2 are specified as Table 3.
Table 3: Test parameters for Adjacent channel selectivity for V2X, Case 2
	RX parameter
	Units
	Channel bandwidth

	
	
	10 MHz
	20 MHz
	30 MHz
	40 MHz

	Power in transmission bandwidth configuration
	dBm
	-56.5
	-50.5
	-49.0
	-47.5

	Pinterferer
	dBm
	-25

	BWinterferer
	MHz
	10
	10
	10
	10

	Finterferer (offset)
	MHz
	10 / -10
	15 / -15
	20 / -20
	25 / -25

	NOTE 1:	The interferer is QPSK modulated PUSCH containing data and reference symbols. Normal cyclic prefix is used.

NOTE 2:	The absolute value of the interferer offset Finterferer (offset) shall be further adjusted to MHz with SCS the sub-carrier spacing of the wanted signal in MHz. The interferer is an NR signal with 15 kHz SCS.



Based on above proposal, the corresponding TP on the remaining issues on Rx RF for NR V2X is derived in our companion paper [2]. 
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