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1. Introduction
In RAN #99 meeting, the WF on NR SL evolution objectives were discussed [1][2] to support NR SL CA operation in band n47 band. Based on the updated NR SL evolution WID [1], RAN4 needs to support the NR SL intra-band contiguous CA operation in mode 2 operation in band n47 band.
In the last RAN4 #107 meeting, RAN4 agreed with the WF [3] on the NR SL CA UE RF requirements and the following open issues will be further discussed and defined in this meeting to support NR SL CA operation in ITS spectrum.

	[bookmark: _heading=h.30j0zll]Sub-topic 2-2: Tx requirements for SL CA [3]
< GTW Agreement>: UE maximum output power for SL CA
· Only support PC3 in Rel-18
< Way Forward>: FFS in the next meeting on methodology of Tx requirements for SL intra-band contiguous CA
Candidate options:
· Option 1: The requirements for NR intra-band contiguous CA as baseline.
· Option 2: The requirements for LTE intra-band contiguous CA as baseline.
· Option 3: Study the Tx requirements case by case
< Way Forward>: Transmit ON/OFF time mask for SL con-current operation with CA
· RAN4 can consider the switching between SL CA and LTE-V in Rel-18 
· FFS: The optimization for symbol-level switching time similar to that of Tx switching for SL CA and uplink transmission. 
< Way Forward>: PSFCH for SL CA
· Non-contiguous RB allocation of PSFCH for intra-band contiguous SL CA and the restriction on the number of PSFCH is for further study.

Sub-topic 2-3: Rx requirements for SL CA
<Way Forward>: Reference sensitivity
· FFS in the next meeting: For SL_n47B, the reference sensitivity defined for single carrier operation in n47 as shown in Table 7.3E.2-1 shall apply for each component carrier with two CCs are activated at the same time
· Note: The SL CA work in Rel-18 mainly targets some V2X use cases


 
In this paper, we propose the Remaining RF related topics to support intra-band contiguous SL CA operation in NR band n47.

2. Discussion on intra-band contiguous SL CA operation in band n47
2.1 RF architecture for NR SL intra-band contiguous CA UE in band n47
The example RF architecture for NR SL intra-band contiguous CA operation in band n47 band can be considered as shown in figure 2-1. The 1LO/1 antenna RF architecture is baseline for intra-band contiguous CA operation in n 47 band and the 2LO/1 antenna RF architecture can be considered in n47 as UE implementation aspect.
[image: ]
1) 1 LO /1Ant. RF architecture for NR SL intra-band contiguous CA in band n47
[image: ]
2) 2 LO /1Ant. RF architecture for NR SL intra-band contiguous CA in band n47
Figure 2-1: Example RF architectures for NR SL intra-band contiguous CA operation in band n47

In the candidate RF architecture, the synchronous CA operation between CC1 and CC2 is allowed in band n47 same as in NR CA operation in TDD band. And NR SL the intra-band contiguous CA UE does not  allow simultaneous SL-U operation in band n47 based on the approved WID [2]. So RAN4 would not support the simultaneous SL CA and SL-U operation in band 47 in Rel-18. 
For the SL-MIMO and Tx diversity of NR SL intra-band contiguous CA UE, this feature can be supported with 2 Tx antenna architecture if discussion time is permitted in the Rel-18 timeline. Also the power class 2 of NR SL intra-band contiguous CA UE can be supported, but these features were not captured in the SL CA objectives. 
Hence we propose the additional features can be supported based on RAN4 consensus.    

Proposal #1: The 1LO/1 antenna RF architecture is baseline for NR SL intra-band contiguous CA operation in band n47. The SL CA UE does not support simultaneous SL-U and NR SL CA operation in band n47.
Proposal #2: For the additional features e.g. SL-MIMO and/or Power class 2 of NR SL intra-band CA UE, RAN4 can treat as 2nd priority to support these features in Rel-18.

2.2 Tx requirements for NR SL intra-band contiguous CA UE
2.2.1 Baseline of NR SL CA UE RF requirements
In the last RAN4 #107 meeting, RAN4 discuss how to define the NL SL CA in ITS spectrum as following candidate options
Sub-topic 2-2: Tx requirements for SL CA for SL intra-band contiguous CA
    Candidate options:
· Option 1: The requirements for NR intra-band contiguous CA as baseline.
· Option 2: The requirements for LTE intra-band contiguous CA as baseline.
· Option 3: Study the Tx requirements case by case
However, the additional SE/SEM RF requirements were different from the LTE /NR intra-band CA UE. So, RAN4 should consider the LTE V2X CA RF requirements as baseline to derive the NR SL CA RF requirements in ITS spectrum.
Then, we proposed as follow, 
Proposal #3: RAN4 should consider the additional SE/SEM requirements in the ITS spectrum for NR SL intra-band CA RF requirements. Hence, we propose to add Option 4 as follow 
    Candidate options:
· Option 1: The requirements for NR intra-band contiguous CA as baseline.
· Option 2: The requirements for LTE intra-band contiguous CA as baseline.
· Option 3: Study the Tx requirements case by case
· Option 4: The requirements for LTE V2X intra-band contiguous CA as baseline.

2.2.2 Transmit ON/OFF time mask for SL CA operation
In the summary of NR_SL_enh2_part3 [6][7], the proponent proposed to switch between LTE-V operation and NR SL CA operation in the same or different carriers.

· Issue 2-2-4: Transmit ON/OFF time mask for SL con-current operation with CA
· Proposals 1: Huawei
· Consider the switching between SL CA and LTE-V in Rel-18 
· Proposals 2: Huawei
· The optimization for symbol-level switching time similar to that of Tx switching for SL CA and uplink transmission can be considered. 

For the proposal 1, RAN4 can consider the switching time mask between NR SL CA operation and LTE/NR V2X in band 47/n47.
The operation is almost the same as fallback from CA to single carrier in LTE/NR UE.
[bookmark: _Hlk142470539]So, we can reuse the ON/OFF time mask in figure 6.3E.3.4-2 in TS38.101-1 for different carriers of NR Uu and NR SL switching operation based on priority rule to define the switching time mask between SL CA and NR/LTE V2X operations in ITS spectrum.  

For proposal 2, we do not believe the symbol based time is not possible for all candidate NR SCS i.e. 15kHz, 30kHz and 60kHz. That is the reason the RRM experts do not define the symbol based time adjustement approach in Rel-17.
[image: 텍스트, 스크린샷, 라인, 폰트이(가) 표시된 사진

자동 생성된 설명]
Figure 6.3E.3.4-2: Time mask for switching between Uu and SL for different carrier case
Based on our analysis, we proposed as follows,
Proposal #4: RAN4 can define the switching time mask between NR SL CA operation and LTE/NR V2X operation in Band 47/n47. Also RAN4 can reuse the Time mask for switching between Uu and SL for different carriers as shown in Figure 6.3E.3.4-2. 
Proposal #5: RAN4 can keep the legacy RRM agreements in TS38.133 and RAN4 does not consider the symbol-based optimization of the time mask. 

2.2.3 Other Tx requirements for SL intra-band contiguous CA operation
 To define the detail SL CA UE RF requirements, we propose as follows,
Table 2.2.3-1 Tx RF requirements for NR SL CA in n47
	Tx requirements for SL CA in n47
	Comments for Requirements

	6.2E.1A MOP
	Define CA MOP as total transmitted power (Per UE) for both PC3/PC2 SL CA UE
PC2 SL CA is 2nd priority

	6.2E.2A MPR
	Need to MPR simulation campaign

	6.2E.3A A-MPR
	Need A-MPR simulation campaign for Europe. FFS in US until FCC final release the additional emission limits

	6.2E.4A Configured Tx power 
	Follow NR V2X intra-band con-current operation can be referred to define the configured Tx power 

	6.3E.1A minimum output power
	The min power  -30dBm /10MHz, -30dBm/20MHz, or -30+10log10 (BWChannel /20) for from 30MHz to 40MHz per CC will be applied to each SL CC 

	6.3E.2A Transmit OFF power
	The transmit off power (-50dBm/measurement BW) of NR SL in single carrier will be applied to each SL CC

	6.3E.3A Transmit On/OFF time mask 
	The transit on/off time mask of NR SL in single carrier will be applied to each SL CC.  

	6.3E.4A. Power control
	Absolute power tolerance of NR SL in single carrier will be applied to each SL CC.  

	6.4E.1A Frequency error
	[bookmark: _Hlk142471278]±0.1 PPM observed over a period of 1 ms will be applied for the primary CC for all SL synchronous reference sources.

	6.4E.2A Transmit modulation quality
	The EVM of  NR SL in single carrier will be applied to each SL CC.
[bookmark: _Hlk142472067]The In-band emission of NR intra-band contiguous CA will be applied to the SL aggregated transmission bandwidth.
[bookmark: _Hlk142471853]The carrier leakage requirement is defined for each component carrier. Only one uplink carrier is activated in a time, the applicable LO leakage (6.4.2.2) in NR UE will be applied per the activated carrier.

	6.5E.1A Occupied bandwidth
	[bookmark: _Hlk142472431]The occupied bandwidth is a measure of the bandwidth containing 99 % of the total integrated power of the aggregated CBW. The occupied bandwidth shall be less than the aggregated channel bandwidth.

	6.5E.2A.2 out-of-band emission: General SEM
	The general NR CA spectrum emission mask for CA Bandwidth Class B specified in subclause 6.5A.2.2.1 shall be applied to SL aggregated CBW.

	6.5E.2A.3 out-of-band emission: A-SEM
	[bookmark: _Hlk142473008]Do not need to consider the A-SEM in Europe since the A-SEM in Table 6.5E.2.3.1-1 is only applied for the 10MHz CBW in Europe.
For the US region, RAN4 can reuse NS_52, the details can be further discussed with the final A-SEM or A-SE requirements from FCC.

	6.5E.2A.4 ACLR 
	[bookmark: _Hlk142473080]The general NR CA ACLR requirements for CA Bandwidth Class B specified in subclause 6.5A.2.4.1.1-1 shall be applied to SL aggregated CBW.

	6.5E.3A.1 General SE
	[bookmark: _Hlk142473227]The general NR CA general SE for CA Bandwidth specified in subclause 6.5A.3.1-1 shall be applied to SL aggregated CBW.

	6.5E.3A.2 UE coexistence
	[bookmark: _Hlk142473377]The protection operating band lists for n47 transmission was defined in Table 6.5.3.2-1 which will be reconsidered the UE coexistence requirements for SL CA.

	6.5E.3A.3 A-SE
	The A-SE in Table 6.5E.3.4.2-1 and CEN DSRC protection requirements in Table 6.5E.3.4.2-2 will be reconsidered for NR CA UE.

	6.5E.4A Transmit intermodulation 
	[bookmark: _Hlk142474120]The general NR CA TIM requirements for CA Bandwidth Class B specified in subclause 6.5A.4.2.1-1 shall be applied to SL aggregated CBW.



2.3 Rx requirements for NR SL intra-band contiguous CA UE
2.3.1 Maximum input level of NR SL CA UE
[bookmark: _Hlk142474340]For the RX RF requirements of NR SL CA UE, we propose the follow requirements  as below

Table 2.3-1 Maximum input levels for NR SL CA UE
	Rx Parameter
	Units 
	SL CA Bandwidth Class

	
	
	A
	B

	Power in largest Transmission Bandwidth Configuration CC
	dBm
	
	-25 + 10log10(BWChannel /20)Note 1

	
	
	
	-27 + 10log10(BWChannel /20)Note 2

	NOTE 1:	Reference measurement channel is A.7.2.x for 64 QAM.
NOTE 2:	Reference measurement channel is A.7.2.x for 256 QAM.
NOTE 3:    10log10(x) is rounded to the nearest 0.5dB



2.3.2 ACS level of NR SL CA UE
[bookmark: _Hlk142474613]In NR V2X UE, RAN4 follows the NR ACS requirements < 2700MHz for single carrier in n47 since to align with LTE V2X UE requirements. So RAN4 can reuse the principle as follows. 
For intra-band contiguous SL CA operation, the UE shall fulfil the minimum requirement specified in Table 2.3-2 to Table 2.3-4 where the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annex A.7.2 in TS38.101-1.
Table 2.3-2 ACS for NR SL CA UE
	
	
	SL CA bandwidth class

	Rx Parameter
	Units
	B

	ACS
	dB
	20.0



Table 2.3-3 Test parameters for intra-band contiguous SL CA UE, case 1
	Rx Parameter
	Units 
	SL CA bandwidth class

	
	
	B

	Pw in Transmission Bandwidth Configuration, per CC
	dBm
	PREFSENS_SL + 14 dB

	PInterferer
	dBm
	Aggregated power + 18.5 dB

	BWInterferer
	MHz
	10

	FInterferer (offset)
	MHz
	5+Aggreagted BWChannel/2
/
-(5+Aggregated BWChannel/2)

	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 carrier closest to the interferer in MHz. The interferer is an NR signal with 15 kHz SCS.



Table 2.3-4 Test parameters for intra-band contiguous SL CA UE, case 2
	Rx Parameter
	Units 
	SL CA Bandwidth Class

	
	
	B

	Pw in Transmission Bandwidth Configuration, per CC
	dBm
	-43.5 + 10log(NRB,c/NRB_agg)

	PInterferer
	dBm
	-25

	BWInterferer
	MHz
	10

	FInterferer (offset)
	MHz
	5+Aggreagted BWChannel/2
/
-(5+Aggregated BWChannel/2)

	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 carrier closest to the interferer in MHz. The interferer is an NR signal with 15 kHz SCS.



2.3.3 In-band blocking requirements of NR SL CA UE
[bookmark: _Hlk142474747]For intra-band contiguous SL CA operation, the UE shall fulfil the minimum requirement specified in Table 2.3-5 to Table 2.3-6 where the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annex A.7.2 in TS38.101-1.
Table 2.3-5 In-band blocking parameters for intra-band contiguous SL CA UE 
	Rx Parameter
	Units
	SL CA bandwidth class

	
	
	B

	Pw in Transmission Bandwidth Configuration, per CC
	dBm
	PREFSENS_SL + NR SL CA bandwidth class specific value below

	
	dB
	16.0

	BWInterferer
	MHz
	10

	FIoffset, case 1
	MHz
	15

	FIoffset, case 2
	MHz
	25

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



Table 2.3-6 In-band blocking for intra-band contiguous SL CA UE
	NR SL CA band
	Parameter
	 Unit
	Case 1
	Case 2

	
	PInterferer
	 dBm
	-44
	-44

	SL_n47B
	FInterferer
(offset)
	MHz
	- BWchannel CA/2 – FIoffset,case 1
&
+ BWchannel CA/2  + FIoffset,case 1
	≤- BWchannel CA/2 – FIoffset,case 2
&
≥+ BWchannel CA/2 + FIoffset,case 2

	
	FInterferer (Range)
	MHz
	NOTE 2
	FDL_low – 30
to
FDL_high + 30

	NOTE 1:	For certain bands, the unwanted modulated interfering signal may not fall inside the UE receive band, but within the first 30 MHz below or above the UE receive band
NOTE 2:	For each carrier frequency the requirement is valid for two frequencies:
			a. the carrier frequency - BWchannel CA/2  - FIoffset, case 1 and
			b. the carrier frequency + BWchannel CA/2 + FIoffset, case 1
NOTE 3:	BWchannel CA denotes the aggregated channel bandwidth of the wanted signal



2.3.4 Out-of-band blocking requirements of NR SL CA UE
[bookmark: _Hlk142475474]For intra-band contiguous SL CA operation, the UE throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annex A.7.2 with parameters specified in Tables 2.3-7 and 2.3-8.

For Table 2.3-8 in frequency range 1, 2 and 3, up to exceptions are allowed for spurious response frequencies in each assigned frequency channel when measured using a 1MHz step size. For these exceptions the requirements of subclause 2.3.5 spurious response are applicable.
Table 2.3-7: Out-of-band blocking parameters for intra-band contiguous SL CA UE
	Rx Parameter
	Units 
	SL CA Bandwidth Class

	
	
	B
	
	
	
	

	Pw in Transmission Bandwidth Configuration, per CC 
	dBm
	PREFSENS_SL + SL CA Bandwidth Class specific value below

	
	
	9
	
	
	
	



Table 2.3-8: Out of band blocking for intra-band contiguous SL CA UE
	NR SL 
CA band
	Parameter
	Units 
	Frequency 

	
	
	
	Range 1
	Range 2
	Range 3

	
	PInterferer
	dBm
	-44
	-30
	-15

	V2X_47B
	FInterferer (CW)

	MHz

	-60 < f – FDL_low < -30
or
30 < f – FDL_high < 60
	-85 < f – FDL_low ≤ -60
or
60 ≤ f – FDL_high < 85
	1 ≤ f ≤ FDL_low – 85
or
FDL_high + 85 ≤ f
≤ 12750

	NOTE 1:	The power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm for FInterferer > 6000 MHz.
NOTE 2:	The requirement is applied for multi-carrier intra-band con-current receptions when 2 carrier transmissions are activated at the same time.



2.3.5 Spurious response requirements of NR SL CA UE
[bookmark: _Hlk142475701]For intra-band contiguous SL CA operation, the UE throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annex A.7.2 with parameters specified in Table 2.3-9 and Table 2.3-10.
Table 2.3-9: Spurious response parameters for intra-band contiguous SL CA UE
	Rx Parameter
	Units 
	SL CA Bandwidth Class

	
	
	B
	
	
	
	

	Pw in Transmission Bandwidth Configuration, per CC 
	dBm
	PREFSENS_SL + SL CA Bandwidth Class specific value below

	
	
	9
	
	
	
	

	NOTE 1:	The requirement is applied for multi-carrier intra-band con-current receptions when 2 carrier transmissions are activated at the same time.
NOTE 2:	Reference measurement channel is A.7.2



Tables 2.3-10: Spurious response for intra-band contiguous SL CA UE
	
Parameter
	Unit
	Level

	PInterferer
(CW)
	dBm
	-44

	FInterferer
	MHz
	Spurious response frequencies

	NOTE 1:	The requirement is applied for multi-carrier intra-band con-current receptions when 2 carrier transmissions are activated at the same time.



2.3.6 Wideband intermodulation requirements of NR SL CA UE
[bookmark: _Hlk142475812]For intra-band contiguous SL CA operation, the UE throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annex A.7.2 with parameters specified in Table 2.3-11 for the specified wanted signal mean power in the presence of two interfering signals.
Table 2.3-11: Wide band intermodulation for intra-band contiguous SL CA UE
	Rx parameter
	Units 
	SL CA Bandwidth Class

	
	
	B
	
	
	
	

	Pw in Transmission Bandwidth Configuration, per CC
	dBm
	PREFSENS_SL + SL CA Bandwidth Class specific value below

	
	
	9
	
	
	
	

	PInterferer 1
(CW)
	dBm
	-46

	PInterferer 2
(Modulated)
	dBm
	-46

	BWInterferer 2
	MHz
	10
	
	
	
	

	FInterferer 1
(Offset)
	MHz
	–Foffset-15
/
+ Foffset+15
	
	
	
	

	FInterferer 2
(Offset)
	MHz
	2*FInterferer 1

	NOTE 1:	The requirement is applied for multi-carrier intra-band con-current receptions when 2 carrier transmissions are activated at the same time.
NOTE 2:	The Finterferer 1 (offset) is the frequency separation of the center frequency of the carrier closest to the interferer and the center frequency of the CW interferer and Finterferer 2 (offset) is the frequency separation of the center frequency of the carrier closest to the interferer and the center frequency of the modulated interferer.



2.3.7 Rx requirements test methodology of NR SL CA UE

The following Rx RF requirements are proposed for the NR SL intra-band CA UE in n47. 
Table 2.3-3 Rx RF requirements for NR SL CA in n47
	Rx requirements for SL CA in n47
	Comments for Requirements

	7.2E.2A REFSENS
	[bookmark: _Hlk142474287]For intra-band contiguous CA operation, the reference sensitivity requirement specified in Table 7.3E.2-1 shall apply for each component carrier with all carriers active. The requirement is applied for each carrier reception when 2 carrier transmissions are activated at the same time.

	7.4E.1A Maximum input level
	For intra-band contiguous CA maximum input level is defined as the powers received at the UE antenna port over the Transmission bandwidth configuration of each CC, at which the specified relative throughput (>= 95% T-put) shall meet or exceed the minimum requirements for the specified reference measurement channel over each component carrier.

	7.5E.1A ACS
	For intra-band contiguous SL CA UE, the UE shall fulfil the minimum requirement specified in Table 2.3-2 to Table 2.3-4 where the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annex A.7.2.

	7.6E.2A In-band blocking 
	For intra-band contiguous SL CA operation, the UE throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annex A.7.2 with parameters defined in Table 2.3-5 and Table 2.3-6.


	7.6E.3A Out-of-band blocking
	For intra-band contiguous SL CA operation, the UE throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annex A.7.2 with parameters specified in Tables 2.3-7 and 2.3-8.

	7.7E.1A Spurious response
	For intra-band contiguous SL CA operation, the UE throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annex A.7.2 with parameters specified in Table 2.3-9 and Table 2.3-10.

	7.8E.1A Wideband intermodulation 
	For intra-band contiguous SL CA operation, the UE throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annex A.7.2 with parameters specified in Table 2.3-11 for the specified wanted signal mean power in the presence of two interfering signals.




Proposal #6: RAN4 should consider and define the proposed Tx/Rx requirements for inter-band SL CA UE in TR38.786 and TS38.101-1. 
3. Conclusions
In this contribution, we provided the candidate RF architecture for NR SL intra-band contiguous CA operation in band n47 and provided the detailed RF parameters and assumptions for MPR/A-MPR requirements in band n47. Based on our initial analysis, we propose the following.

Proposal #1: The 1LO/1 antenna RF architecture is baseline for NR SL intra-band contiguous CA operation in band n47. The SL CA UE does not support simultaneous SL-U and NR SL CA operation in band n47.
Proposal #2: For the additional features e.g. SL-MIMO and/or Power class 2 of NR SL intra-band CA UE, RAN4 can be treated as 2nd priority to support these features in Rel-18.
Proposal #3: RAN4 should consider the additional SE/SEM requirements in the ITS spectrum for NR SL intra-band CA RF requirements. Hence, we propose to add Option 4 as follow 
· Option 4: The requirements for LTE V2X intra-band contiguous CA is considered as baseline.
Proposal #4: RAN4 can define the switching time mask between NR SL CA operation and LTE/NR V2X operation in Band 47/n47. Also RAN4 can reuse the Time mask for switching between Uu and SL for different carriers as shown in Figure 6.3E.3.4-2. 
Proposal #5: RAN4 can keep the legacy RRM agreements in TS38.133 and RAN4 does not consider the symbol-based optimization of the time mask. 
Proposal #6: RAN4 should consider and define the proposed Tx/Rx requirements for inter-band SL CA UE in TR38.786 and TS38.101-1. 
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