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Introduction
The WID revision [1] was approved in RAN#99e with the updated scope for the objective of sidelink CA operation in NR sidelink evolution.  
	1. Specify mechanism to support NR sidelink CA operation based on LTE sidelink CA operation [RAN2, RAN1, RAN4] (This part of the work is put on hold until further checking in RAN#99)
· Support only LTE sidelink CA features for NR (i.e., SL carrier (re-)selection, synchronization of aggregated carriers, handling the limited capability, power control for simultaneous sidelink TX, packet duplication)
· The work is limited to FR1 licensed spectrum and intra-band CA for the ITS band in FR1 (Band n47).
· No specific enhancements of Rel-17 sidelink features with sidelink CA support.
· This feature is backwards compatible in the following regards
· A Rel-16/Rel-17 UE can receive Rel-18 sidelink broadcast/groupcast transmissions with CA for the carrier on which it receives PSCCH/PSSCH and transmits the corresponding sidelink HARQ feedback (when SL-HARQ is enabled in SCI)
· Only Mode 2 operation
· Same subcarrier spacing (SCS) among CA carriers to avoid resource selection enhancements and AGC issues
· Time resources for PSFCH are aligned among the carriers for CA
· No enhancement related to SCI transmissions on PSCCH/PSSCH, PSFCH transmission, RSRP feedback, CSI feedback and congestion control compared to Rel-16 (i.e., per-carrier operation)
· SL resource indication remains to be per-resource pool and per-carrier basis (no cross-carrier scheduling in SCI)
· UE transmits SL HARQ feedback on the same carrier on which it receives the associated PSSCH
· No consideration for limited transmission and reception capability
· No primary/secondary carrier differentiation
· Reuse the LTE sidelink CA design for the following aspects:
· Sidelink carrier (re-)selection, synchronization of aggregated carriers, Tx power split for simultaneous sidelink transmissions, packet duplication
· The CA band combination work in RAN4 is limited to intra-band contiguous CA in Rel-18.
· Note: The SL CA work in Rel-18 mainly targets some V2X use cases



In this contribution, we provide our consideration and initial analysis on RAN4 work for NR sidelink CA operation.
Discussion
General part for Sidelink CA operation
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, the NR sidelink CA operation is to be specified in RAN4, another set of requirements needs to be defined in addition to that of Rel-16/17 V2X/Sidelink. In the updated WID for sidelink CA, only intra-band contiguous CA is to be considered. It has been agreed in RAN4#106bis-e that the requirements of SL CA is captured in the chapter for V2X. However, the detailed spec structure can be further discussed. For example, new sub-chapter for SL CA under suffix E.
	< GTW Agreement>: Capture the requirement for SL intra-band CA under suffix E in RAN4 specification.


[bookmark: _Ref134992535][bookmark: _Ref134907050]Proposal 1: The requirements for SL CA should be captured in new sub-chapter under suffix E.
Besides, in the updated WID, the restriction on the same SCS among SL CA carriers can be captured in TS38.101-1 section 4.2 with 
f) All the requirements for intra-band contiguous CA apply under the assumption of the same subcarrier spacing in the PCell and SCells for SL SA.
[bookmark: _Ref134992536]Proposal 2: Capture the restriction on the same SCS among SL CA carriers in RAN4 specification.
 Requirements for sidelink CA operation 
Channel BW
For the channel bandwidth and aggregated channel bandwidth for SL CA, the agreements are as follows
	< GTW Agreement>: Notation for NR SL CA is SL_n47X
· X can be bandwidth class like B or C
< GTW Agreement>: Reuse NR CA bandwidth classes A and B
Table 5.3A.5-1: NR CA bandwidth classes
	NR CA bandwidth class
	Aggregated channel bandwidth
	Number of contiguous CC
	Fallback group

	A
	BWChannel ≤ BWChannel,max
	1
	1, 2, 34

	B
	20 MHz ≤ BWChannel_CA ≤ 100 MHz
	2
	2, 34



< GTW Agreement>: The maximum aggregated CBW for sidelink intra-band contiguous CA for n47 is
· 70MHz (30MHz+40MHz)
< GTW Agreement>: Use Option 4 as baseline
· Option 4:
	NR V2X intra-band con-current operating configuration
	NR Band
	Interface
	Channel bandwidth (MHz) (NOTE 1)
	Maximum aggregated bandwidth (MHz)
	Bandwidth combination set

	SL_n47B
	n47
	PC5
	10, 20, 30, 40
	70
	0

	
	n47
	
	10, 20, 30
	
	

	NOTE 1: 	The SCS of each channel bandwidth for NR band refers to Table 5.3.5-1 in TS38.101-1.





According to the conclusion, the configurations and band combination sets defined for sidelink as shown in Table 1 can be considered. The specific channel bandwidths for SL_n47B should be considered according to operators’ demand.
[bookmark: _Ref134799317]Table 1 Intra-band CA configurations and bandwidth combination sets defined for sidelink
	Sidelink CA configuration / Bandwidth combination set

	Sidelink CA configuration 
	Sidelink CA configuration for TX
	Component carriers in order of increasing carrier frequency
	Maximum aggregated 
bandwidth [MHz]
	Bandwidth combination set

	
	
	Channel bandwidths for carrier [MHz]
	Channel bandwidths for carrier [MHz]
	Channel bandwidths for carrier [MHz]
	Channel bandwidths for carrier [MHz]
	Channel bandwidths for carrier [MHz]
	
	

	SL_n47B
	SL_n47B
	[10]
	[20,30]
	
	
	
	70
	0

	
	
	[20]
	[20,30]
	
	
	
	
	

	
	
	30
	[30,]40
	
	
	
	
	


[bookmark: _Ref134907052]Proposal 3: The configurations and band combination sets defined for sidelink as shown in Table 1 can be considered.
[bookmark: _Ref134907053]Proposal 4: The specific channel bandwidths for SL_n47B should be considered according to operators’ demand.
Channel raster for SL CA
For the channel raster in system parameters for NR-V, the reference frequency can be shifted by configurations to be orthogonal with LTE-V. 
FREF_V2X = FREF + Δshift + N * 5 kHz
where
Δshift = 0 kHz or 7.5 kHz indicated in IE (frequencyShift7p5khz), and
N can be set as one of following values {-1, 0, 1}, which are signalled by the network in higher layer parameters or configured by pre-configuration parameters.
If both the two carriers in SL CA are to be orthogonal with LTE-V, more restriction on the channel spacing is required based on 15kHz raster in n47.
[bookmark: _Ref134992540]Proposal 5: The restrictions on the channel spacing is required for SL CA, to maintain the orthogonality for the intra-band two carriers with LTE-V.
Transmit ON/OFF time mask for SL con-current operation with CA 
Rel-17 specifies the time mask for switching between Uu and SL for TDM operation in same carrier case with same bandwidth in Figure 1, and the time mask for switching between Uu and SL for different carrier case. Both the time masks are considered for single carrier operation in Figure 2. In Rel-18, the switching between SL CA and LTE-V should be considered.
[image: ]
[bookmark: _Ref134989976]Figure 1 Time mask for switching between Uu and SL for same carrier case with same bandwidth
[image: ]
[bookmark: _Ref134989985]Figure 2 Time mask for switching between Uu and SL for different carrier case
[bookmark: _Ref134992542]Proposal 6: The switching between SL CA and LTE-V should be considered in Rel-18.
For the switching time for switching between Uu and SL for different carrier in RRM specification TS38.133, it is scheduling restriction with the granularity of slot. In other words, if the switching between V2X sidelink transmission and uplink transmission is executed in a slot, the resource in the whole slot cannot be used for any transmission. 
	12.9.2	 Scheduling availability of UE switching between uplink transmission and V2X sidelink transmission
This clause contains the restrictions on the scheduling availability for V2X sidelink due to switching between uplink transmission and V2X sidelink transmission. For NR V2X sidelink, the assumed number of configured symbols in a slot is 14.
When switch from uplink transmission to V2X sidelink transmission occurs in sidelink slot ‘n’, 
-	UE is not expected to transmit or receive on V2X sidelink on the sidelink slot ‘n’.
When switch from V2X sidelink transmission to uplink transmission occurs in sidelink slot ‘n-1’, 
-	UE is not expected to transmit or receive on V2X sidelink on the sidelink slot ‘n-1’. 
When switch from V2X sidelink transmission to uplink transmission occurs in Uu slot ‘n’, 
-	UE is not expected to transmit uplink or receive downlink on the Uu slot ‘n’.
When switch from uplink transmission to V2X sidelink transmission occurs in Uu slot ‘n-1’, 
-	UE is not expected to transmit uplink or receive downlink on the Uu slot ‘n-1’.


In the scope of Rel-18 WID, the SL CA is limited to only Mode 2 operation. Thus, it may be required to specify the switching time under the restriction. In addition, the optimization for symbol-level switching time similar to that of Tx switching for SL CA and uplink transmission can be considered. Whether the enhancement on the granularity for switching time has performance gain is up to RAN1’s evaluation.
[bookmark: _Ref134992543]Proposal 7: The optimization for symbol-level switching time similar to that of Tx switching for SL CA and uplink transmission can be considered.
Requirements for sidelink intra-band CA
For the power class supported by intra-band sidelink CA, PC3 is sufficient for Rel-18 to study and specify the necessary requirements. As for PC2, it can be considered in further release, if necessary.
[bookmark: _Ref134907055]Proposal 8: Rel-18 support only PC3 for intra-band contiguous sidelink CA.
Given that Tx and Rx requirements have been introduced for LTE V2X multi-carrier in Rel-15, some requirements can be reused in Rel-18 sidelink CA, but some of them are different due to NR design. For SL CA operation, requirements for LTE V2X multi-carrier operation should be referred. The group can focus on MPR/A-MPR for Tx and REFSENS for Rx firstly, and further consider other requirements after thorough comparison of difference between LTE V2X and NR SL.
[bookmark: _Ref127485187]Table 2 UE Tx and Rx RF requirement for Rel-15 V2X multi-carrier operation
	Transmitter characteristics

	Maximum output power

	Maximum Power Reduction (MPR)

	Spectrum emission mask

	ACLR requirements

	Spurious emission 

	Transmit intermodulation

	Receiver characteristics

	REFSENS

	Maximum input level

	Adjacent Channel Selectivity (ACS)

	In-band blocking

	Out-of-band blocking

	Spurious response

	Intermodulation characteristics

	RX spurious emissions

	Receiver image


PSFCH for SL CA
PSFCH with single carrier supports non-contiguous RB allocation. The non-contiguous RB can also be considered in SL CA, and it may result in power fallback. And the restriction on the number of PSFCH due to MPR is up to the RF simulation results.
[bookmark: _Ref134992546]Proposal 9: Non-contiguous RB allocation of PSFCH for intra-band contiguous SL CA and the restriction on the number of PSFCH can be considered.
Conclusion
This contribution provides our consideration and initial analysis on RAN4 work for Rel-18 SL evolution with the following observation and proposals:
Proposal 1: The requirements for SL CA should be captured in new sub-chapter under suffix E.
Proposal 2: Capture the restriction on the same SCS among SL CA carriers in RAN4 specification.
Proposal 3: The configurations and band combination sets defined for sidelink as shown in Table 1 can be considered.
Proposal 4: The specific channel bandwidths for SL_n47B should be considered according to operators’ demand.
Proposal 5: The restrictions on the channel spacing is required for SL CA, to maintain the orthogonality for the intra-band two carriers with LTE-V.
[bookmark: _GoBack]Proposal 6: The switching between SL CA and LTE-V should be considered in Rel-18.
Proposal 7: The optimization for symbol-level switching time similar to that of Tx switching for SL CA and uplink transmission can be considered.
Proposal 8: Rel-18 support only PC3 for intra-band contiguous sidelink CA.
Proposal 9: Non-contiguous RB allocation of PSFCH for intra-band contiguous SL CA and the restriction on the number of PSFCH can be considered.
References
[1] RP-230077 WID revision: NR sidelink evolution, OPPO, TSG RAN Meeting #99-e, March. 20-23, 2023
[2] TR36.788 v15.0.0 Vehicle-to-Everything (V2X) Phase 2; User Equipment (UE) radio transmission and reception.



3GPP
image1.PNG
NR SL slot/NR Uu slot (Low priority)  NR Uu slot/NR SL slot (High pri;

ON power requirement

1
1
1
ON power requirement :
1
1
1
1

10us 10ps

Transient period




image2.PNG
NR SL slot/NR Uu slot (Low priori NR Uu sl

'NR SL slot (High priori

ON power requirement ON power requirement
—_— S —————




