[bookmark: _Ref399006623][bookmark: _Toc92513360]3GPP TSG-RAN WG4 Meeting #111                                          R4-2307613
Fukuoka, Japan, May 20 – 24, 2024

Source: 	Huawei, HiSilicon
Title: 	On Tx requirements for sidelink intra-band non-contiguous CA in PC3 and PC2 in Rel-19
Agenda Item:	10.9.2.2	
Document for:	Approval
Introduction
The New WID revision [1] was approved in RAN#103 with the scope for sidelink contiguous and non-contiguous CA operation in ITS band.  
	· Specify the RF requirements for NR sidelink CA in n47:
· Intra-band non-contiguous CA with power class 2 and power class 3, with Component Carrier (CC) combinations 10MHz + 10MHz and 10MHz + 20MHz
· Intra-band contiguous CA with power class 2
· Introduce necessary changes for release independence specification, if identified 

Note: Work for power class 3 starts first in RAN4. Whether there is any RRM core requirement to be specified will be confirmed in Q3 2024.



In this contribution, we provide our consideration and initial analysis on RAN4 work on Tx requirements for NR sidelink intra-band non-contiguous CA with power class 3 and power class 2. 
Discussion
General Tx requirements for intra-band non-contiguous SL CA
In Rel-15 LTE V2X, the requirements of intra-band contiguous multi-carrier operation bandwidth class B and class C were defined in addition to the single carrier V2X case. It is noted that it is a full set of Tx and Rx requirements in order to support the multi-carrier operation. 
Similarly, in Rel-18 the NR sidelink CA operation with PC3 was specified in RAN4, another set of requirements was defined in addition to that of Rel-16/17 V2X/Sidelink. 
In the WID for sidelink CA, intra-band non-contiguous CA with PC3 and PC2 is to be considered. The work in Rel-19 intra-band non-contiguous SL CA Tx requirements would include at least 
· Maximum output power 
· MPR for PC2 and PC3
· Configured output power
· Update output power dynamic, transmit signal quality, out of band emission, spurious emissions
[bookmark: _Ref162972307]Proposal 1: The work in Rel-19 NR sidelink intra-band non-contiguous CA with power class 3 and power class 2 would include at least
· Maximum output power 
· MPR for PC2 and PC3
· Configured output power
· Update output power dynamic, transmit signal quality, out of band emission, spurious emissions
In Rel-18 intra-band contiguous SL CA with PC3, the simulation assumptions were agreed to reuse the simulation assumptions in TR38.785 (Rel-17 enhanced NR sidelink). Other constraints for PSCCH/PSSCH/PSFCH/S-SSB can be assumed roughly based on the agreement in Rel-18. 
UE RF architecture for intra-band non-contiguous SL CA
The UE RF architectures applied to intra-band non-contiguous SL CA were considered in the last meeting. The architecture issue was also discussed in NR_ENDC_RF_Ph4. The possible architectures are listed as follows
	Arch
	description
	Remarks
	Frequency Separation

	#1-1
	1x26dBm PA
+ 1LO with 200MHz BW
	Single–Tx
	BW Gap size＜CC1 +CC2 CBW

	#1-2
	2x23dBm PA
+ 1LO with 200MHz BW
	dual-Tx or txDiversity
	BW Gap size＜CC1 +CC2 CBW

	#2-1
	2x26dBm PA
+ 2LO with 200MHz BW
	dualPA-Architecture
	can support any CC separation

	#2-2
	2x23dBm PA
+ 2LO with 200MHz BW
	dualPA-Architecture
	can support any CC separation


Under dual-Tx assumption in Arch#1-2, the output power of two PC3 PAs are combined to reach the MOP of PC2. If each CC can be transmitted through both PAs with single local oscillator, the output power of each CC shall be able 23dBm when being transmitted alone. 
[bookmark: _Ref166226162]Proposal 2: Arch#1-1 and Arch#1-2 are both with 1LO and shall be considered to specify requirements for intra-band sidelink non-contiguous CA with PC3/PC2. 
For NR intra-band non-contiguous CA, MPRs specified for that without indicating dualPA-Architecture are applicable only when the Gap between the component carriers is ≤ the overall channel bandwidth summed across all the component carriers and when UE declares intraBandFreqSeparationUL-v1620 value ≤ 200 MHz. Although the frequency separation ≤ 200 MHz is met for band n47 with no more than 70MHz bandwidth, Gap between the CCs ≤ the overall channel bandwidth summed between two CC may not be met, especially for 10MHz+10MHz configuration.
[bookmark: _Ref166226191]Observation 1: The Frequency Separation, Gap between the CCs ≤ the overall channel bandwidth summed between two CC, may not be met for some of configuration for intra-band sidelink CA in Arch#1 without dualPA-architecture.
By contrast, the dualPA-architecture implies that a CC can only be transmitted from one PA. For Arch#2-1, it can be applied to implementation. However, Arch#2-2 should be referred to for requirements. For Arch#2-2, an issue was pointed out in [3] that when there is much RB allocation imbalance on between the two CCs, the total output power may be lower than 26dBm in intra-band non-contiguous case. 
Quoted from [3]:
	The missing power can be calculated from the RB BW ratio:
· TXBW1=12*LCRB1*SCS1, TXBW2=12*LCRB2*SCS2
· For TXBW1 ≥ TXBW2, 
· PCmax=10*log(10^(26/10)+10^((26-10*log(TXBW1/TXBW2))/10))
· PCmax=10*log(10^(26/10)+10^((26-10*log(LCRB1*SCS1/LCRB2*SCS2))/10))


Table 1 PCmax versus LCRB ratio for SCS1=SCS2 and one 26dBm PA per CC
	LCRB1
	106
	52
	106
	52
	52

	LCRB2
	1
	1
	52
	51
	52

	RB BW ratio
	106
	52
	2
	1.02
	1

	PCmax
	23.04
	23.08
	24.76
	25.96
	26


[bookmark: _Ref166226205][bookmark: _Ref162972309]Observation 2: The RB allocation imbalance on the two CC of intra-band sidelink CA should be considered for PCmax in dualPA-Architecture according to the conclusion (if there to be) in NR_ENDC_RF_Ph4.
If there is any conclusion to update the definition PCmax considering the RB allocation imbalance for intra-band non-contiguous CA with 1LO in NR_ENDC_RF_Ph4, we should update accordingly in NR_SL_ intraB_CA_ITS.
[bookmark: _Ref166330269]Proposal 3: If there is any conclusion to update the definition PCmax for intra-band non-contiguous CA with 1LO in NR_ENDC_RF_Ph4, we should update accordingly in NR_SL_ intraB_CA_ITS.
[bookmark: _Ref166226166]Proposal 4: Arch#2-2 with dualPA-Architecture (2x23dBm PA+ 2LO) shall be considered to specify requirements for intra-band sidelink non-contiguous CA with PC3/PC2 instead of Arch#2-1(2x26dBm PA+ 2LO).
Simulation assumptions for MPR/A-MPR of intra-band non-contiguous SL CA
For the simulation assumptions for intra-band non-contiguous SL CA, we can refer to the discussion on MPR for Rel-17 PC2 intra-band UL non-contiguous CA in [4][5][6][7]. Regarding MPR for 1LO architecture, according to the previous research in [5], typical value for carrier leakage and IQ image may cause extreme high MPR. In this case, ~-35dBc LO leakage and ~ -40dBc Image is used for MPR evaluation for intra-band non-contiguous CA with PC3 and PC2. The difference between NR CA and Sidelink CA mainly lies in the waveform. The key simulation assumptions can be borrowed.
The simulation assumptions shall be based on intra-band contiguous SL CA in Rel-18, with minor revision as follows.
Table 2 General simulation assumptions for intra-band non-contiguous SL CA with PC2/PC3 with 1LO
	Center frequency
	5.9GHz

	Bandwidth 
	per CC: 10/20/30/40MHz
Aggregated CBW: Table 5.2.3-1 (up to 70MHz CBW)

	Maximum output power for aggregated CBW
	23dBm and 26dBm

	Numerology
	15 kHz/30kHz/60kHz

	Modulation per CC
	QPSK/16QAM/64QAM/256QAM

	Waveform
	CP-OFDM

	Carrier leakage
	35dBc

	IQ image
	40dBc

	CIM3
	60dBc

	PA calibration
	PA calibrated to deliver 30dBc ACLR for a fully allocated RBs in 20MHz QPSK DFT- S-OFDM waveform at 1 dB MPR.
This is based to share PA between LTE V2X and NR V2X at 5.9GHz as worst case.



For A-MPR, considering it is Volkswagen who proposed the scenarios for Rel-19 sidelink, the requirements in Europe should be mainly counted in. The A-MPR for SL CA by NS_33 can be considered to specify requirements in Rel-19.
[bookmark: _Ref162899317]Proposal 5: For the MPR evaluation of intra-band non-contiguous CA with PC2/PC3 1LO, the simulation assumptions as follows should be agreed
	Center frequency
	5.9GHz

	Bandwidth 
	per CC: 10/20/30/40MHz
Aggregated CBW: Table 5.2.3-1 (up to 70MHz CBW)

	Maximum output power for aggregated CBW
	23dBm and 26dBm

	Numerology
	15 kHz/30kHz/60kHz

	Modulation per CC
	QPSK/16QAM/64QAM/256QAM

	Waveform
	CP-OFDM

	Carrier leakage
	35dBc

	IQ image
	40dBc

	CIM3
	60dBc

	PA calibration
	PA calibrated to deliver 30dBc ACLR for a fully allocated RBs in 20MHz QPSK DFT- S-OFDM waveform at 1 dB MPR.
This is based to share PA between LTE V2X and NR V2X at 5.9GHz as worst case.



Conclusion
This contribution provides our consideration and initial analysis on RAN4 work for Rel-18 SL evolution with the following observations and proposals:
Observation 1: The Frequency Separation, Gap between the CCs ≤ the overall channel bandwidth summed between two CC, may not be met for some of configuration for intra-band sidelink CA in Arch#1 without dualPA-architecture.
Observation 2: The RB allocation imbalance on the two CC of intra-band sidelink CA should be considered for PCmax in dualPA-Architecture according to the conclusion (if there to be) in NR_ENDC_RF_Ph4.
Proposal 1: The work in Rel-19 NR sidelink intra-band non-contiguous CA with power class 3 and power class 2 would include at least
· Maximum output power 
· MPR for PC2 and PC3
· Configured output power
· Update output power dynamic, transmit signal quality, out of band emission, spurious emissions

Proposal 2: Arch#1-1 and Arch#1-2 are both with 1LO and shall be considered to specify requirements for intra-band sidelink non-contiguous CA with PC3/PC2.
Proposal 3: If there is any conclusion to update the definition PCmax for intra-band non-contiguous CA with 1LO in NR_ENDC_RF_Ph4, we should update accordingly in NR_SL_ intraB_CA_ITS.
Proposal 4: Arch#2-2 with dualPA-Architecture (2x23dBm PA+ 2LO) shall be considered to specify requirements for intra-band sidelink non-contiguous CA with PC3/PC2 instead of Arch#2-1(2x26dBm PA+ 2LO).
Proposal 5: For the MPR evaluation of intra-band non-contiguous CA with PC2/PC3 1LO, the simulation assumptions as follows should be agreed
	Center frequency
	5.9GHz

	Bandwidth 
	per CC: 10/20/30/40MHz
Aggregated CBW: Table 5.2.3-1 (up to 70MHz CBW)

	Maximum output power for aggregated CBW
	23dBm and 26dBm

	Numerology
	15 kHz/30kHz/60kHz

	Modulation per CC
	QPSK/16QAM/64QAM/256QAM

	Waveform
	CP-OFDM

	Carrier leakage
	35dBc

	IQ image
	40dBc

	CIM3
	60dBc

	PA calibration
	PA calibrated to deliver 30dBc ACLR for a fully allocated RBs in 20MHz QPSK DFT- S-OFDM waveform at 1 dB MPR.
This is based to share PA between LTE V2X and NR V2X at 5.9GHz as worst case.
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