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1. Introduction
In the last RAN4 #106BIS-e meeting, the WF on NR SL con-current operation were discussed and approved [1] to support NR SL inter-band con-current operation in Rel-18. 
Based on the WF[1], we listed up the discussion points in con-current NR Uu and SL-U operation in Rel-18 as follows.

	[bookmark: _heading=h.30j0zll]1-3-3: RF architecture reference of Uu@Licensed and SL@Un-licensed
Agreement
· FFS whether to consider the separate RF architectures as baseline to define RF requirements for con-current operation of Uu@Licensed and SL@Un-licensed

Issue 1-4-1: Target power class for Uu@Licensed and SL@Un-licensed
Agreement
· PC3 Uu@Licensed + PC5 SL@Un-licensed
· PC3 Uu@Licensed + PC3 SL@Un-licensed can be considered as 2nd priority if PC3 SL is agreed in a single carrier at unlicensed band 
· Power class of SL@Un-licensed in con-current operation should be aligned with SL-U Power class for single carrier scenario 
· FFS the following power classes
· PC2 Uu@Licensed + PC5 SL@Un-licensed
· PC2 Uu@Licensed + PC3 SL@Un-licensed
· FFS whether to define MOP per each operating band or to define as the total transmitted power from each operating band

[bookmark: _heading=h.3dy6vkm]Issue 1-4-3: Configured Tx power for Uu@Un-licensed and SL@Un-licensed
Agreement
· Consider the existing requirement for NR V2X con-current operation as starting point 
· FFS whether to consider the maximum total transmit power to be used by the UE across all carriers in Uu and SL-U in FR1 which is indicated by NW
1-4-6: Additional spurious emission for Uu@Licensed and SL@Un-licensed
Agreement
· Further discuss whether additional spurious emission is needed or not 
1-5-1: MSD for Uu@Licensed and SL@Un-licensed
GTW Agreement
· Define MSD requirement after the targeting band combination is clear


 
In this paper, we propose our view for the example RF architecture for inter-band con-current UE with n78@Licensed band and n46@Unlicensed band combination.

2. Discussion on inter-band con-current operation in Rel-18
2.1 RF architecture for the inter-band concurrent operation
In NR V2X inter-band con-current operation, RAN4 assumed the separate RF architecture between licensed band and unlicensed band combinations in Rel-16. Based on the same example RF architecture, RAN4 can derive UE RF requirements for the TDD/FDD @ licensed band + TDD @ unlicensed band for inter-band concurrent SL-U operation.  
The following separate RF architecture in Figure 2-1 is baseline for inter-band con-current operation between NR Uu operation@licensed band and SL-U@unlicensed band combinations.
[image: ]
1) Separate RF architecture for NR Uu @FDD band and SL-U @unlicensed band (n46)
[image: ]
2) Separate RF architecture for NR Uu @TDD band and SL-U @unlicensed band (n46)
Figure 2-1: Example RF architectures for single carrier SL-U operation and inter-band con-current operation with NR Uu operation and SL-U operations
Proposal #1: The above separate RF architectures in Figure 2-1 are baseline to define detailed RF requirements for inter-band con-current operation in Rel-18.

2.2 Target power class for inter-band concurrent operation
In the NR V2X con-current operation, RAN4 defined PC2/PC3 con-current operation as the target power classes in Rel-16 and rel-17.

So, RAN4 can define the total transmitted power classes as the PC2/PC3 inter-band concurrent operation for n78@Licensed band + n46@Unlicensed bands in Rel-18. Hence, we proposed as follow
Proposal #2: RAN4 can support the following power classes as total transmitted power for Maximum output Power of inter-band concurrent UE in Rel-18. 
· 1st priority 
· PC3 Uu@Licensed + PC5 SL@Un-licensed
· PC2 Uu@Licensed + PC5 SL@Un-licensed
· 2nd priority:  PC3 SL@ unlicensed combinations will be treated as 2nd priority 
· PC3 Uu@Licensed + PC3 SL@Un-licensed 
· PC2 Uu@Licensed + PC3 SL@Un-licensed
· RAN4 define MOP per UE as the total transmitted power from each operating band

2.3 Configured Tx power for inter-band concurrent operation
[bookmark: _Toc45888159][bookmark: _Toc45888758][bookmark: _Toc59650042][bookmark: _Toc61357306][bookmark: _Toc61359080][bookmark: _Toc67916018][bookmark: _Toc75533562][bookmark: _Toc75819448][bookmark: _Toc76508292][bookmark: _Toc76717242][bookmark: _Toc83293883][bookmark: _Toc84334922]In NR V2X inter-band concurrent operation, RAN4 defined the configured Tx power [3] as follow based on the configured Tx power for inter-band CA band combinations UE.6.2E.4.2	Configured transmitted power for inter-band V2X con-current operation
When a UE is configured for simultaneous NR V2X sidelink and NR uplink transmissions for inter-band con-current operation, the UE is allowed to set its configured maximum output power PCMAX,c,NR and PCMAX,c,V2X for the configured NR uplink carrier and the configured NR V2X carrier, respectively, and its total configured maximum output power PCMAX,c.
The configured maximum output power PCMAX c,NR(p) in slot p for the configured NR uplink carrier shall be set within the bounds:
PCMAX_L,c,NR (p) ≤  PCMAX,c,NR (p) ≤  PCMAX_H,c,NR (p)
where PCMAX_L,c,NR and PCMAX_H,c,NR are the limit as specified in clause 6.2E.4.1.
The configured maximum output power PCMAX c,V2X (q) in slot q for the configured NR V2X carrier shall be set within the bounds:
PCMAX,c,V2X (q) ≤  PCMAX_H,c,V2X (q)
where PCMAX_H,c,V2X is the limit as specified in clause 6.2E.4.
The total UE configured maximum output power PCMAX (p,q) in a slot p of NR uplink carrier and a slot q of NR V2X sidelink that overlap in time shall be set within the following bounds for synchronous and asynchronous operation unless stated otherwise:
PCMAX_L (p,q) ≤  PCMAX (p,q)  ≤  PCMAX_H (p,q)
with
PCMAX_L (p,q) =  PCMAX_L,c,NR (p)
PCMAX_H (p,q) = 10 log10 [pCMAX_H,c,NR (p) + pCMAX_H,c,V2X (q)]
where pCMAX_H,c,V2X and pCMAX_H,c,NR are the limits PCMAX_H,c,V2X (q) and PCMAX_H,c,NR (p) expressed in linear scale.
The measured total maximum output power PUMAX over both the NR uplink and NR V2X carriers is
PUMAX = 10 log10 [pUMAX,c,NR + pUMAX,c,V2X],
where pUMAX,c,NR  denotes the measured output power of serving cell c for the configured NR uplink carrier, and pUMAX,c,V2X  denotes the measured output power for the configured NR V2X carrier expressed in linear scale.
When a UE is configured for synchronous V2X sidelink and uplink transmissions,
PCMAX_L(p, q)   –  TLOW (PCMAX_L(p, q))  ≤  PUMAX  ≤  PCMAX_H(p, q)  + THIGH (PCMAX_H(p, q))
where PCMAX_L (p,q) and PCMAX_H (p,q) are the limits for the pair (p,q) and with the tolerances TLOW(PCMAX) and THIGH(PCMAX) for applicable values of PCMAX specified in Table 6.2E.4.1-1.. PCMAX_L may be modified for any overlapping portion of slots (p, q) and (p +1, q+1).



So, RAN4 can apply the principle of the configured Tx power of the NR inter-band CA band combinations for inter-band SL-U operation in el-18.

Proposal #3: RAN4 can define the configured Tx power for inter-band con-current SL-U operation UE as follow. 
6.2E.xF.x.x	Configured transmitted power for inter-band SL-U concurrent operation
When a UE is configured for simultaneous NR sidelink and NR uplink transmissions for inter-band con-current operation, the UE is allowed to set its configured maximum output power PCMAX,c,NR and PCMAX,c,SL for the configured NR uplink carrier and the configured NR SL carrier, respectively, and its total configured maximum output power PCMAX,c.
The configured maximum output power PCMAX c,NR(p) in slot p for the configured NR uplink carrier shall be set within the bounds:
PCMAX_L,c,NR (p) ≤  PCMAX,c,NR (p) ≤  PCMAX_H,c,NR (p)
where PCMAX_L,c,NR and PCMAX_H,c,NR are the limit as specified in clause 6.2E.4.1.
The configured maximum output power PCMAX c,SL (q) in slot q for the configured NR SL carrier shall be set within the bounds:
PCMAX_L,c,SL (q) ≤ PCMAX,c,SL (q) ≤  PCMAX_H,c,SL (q)
where PCMAX_H,c,SL is the limit as specified in clause 6.2E.4.
The total UE configured maximum output power PCMAX (p,q) in a slot p of NR uplink carrier and a slot q of NR  sidelink that overlap in time shall be set within the following bounds for synchronous and asynchronous operation unless stated otherwise:
PCMAX_L (p,q) ≤  PCMAX (p,q)  ≤  PCMAX_H (p,q)
with
PCMAX_L (p,q) =  MIN {10log10 [pCMAX_L,c,NR (p)+ pCMAX_L,c,SL (q)], PPowerClass_CA, PEMAX,CA}
PCMAX_H (p,q) = MIN {10 log10 [pCMAX_H,c,NR (p) + pCMAX_H,c,SL (q)], PPowerClass_CA, PEMAX,CA}
where pCMAX_L,c,NR and pCMAX_L,c,SL are the respective limits PCMAX_L,c,NR (p) and PCMAX_L,c,SL (q) expressed in linear scale. Also the pCMAX_H,c,NR and pCMAX_H,c,SL are the respective limits PCMAX_H,c,NR (p) and PCMAX_H,c,SL (q) expressed in linear scale.
The measured total maximum output power PUMAX over both the NR uplink and NR SL carriers is
PUMAX = 10 log10 [pUMAX,c,NR + pUMAX,c,SL],
where pUMAX,c,NR  denotes the measured output power of serving cell c for the configured NR uplink carrier, and pUMAX,c,SL  denotes the measured output power for the configured NR SL carrier expressed in linear scale.
When a UE is configured for synchronous NR sidelink and uplink transmissions,
PCMAX_L(p, q)   –  TLOW (PCMAX_L(p, q))  ≤  PUMAX  ≤  PCMAX_H(p, q)  + THIGH (PCMAX_H(p, q))
where PCMAX_L (p,q) and PCMAX_H (p,q) are the limits for the pair (p,q) and with the tolerances TLOW(PCMAX) and THIGH(PCMAX) for applicable values of PCMAX specified in Table 6.2E.x.x-1. PCMAX_L may be modified for any overlapping portion of slots (p, q) and (p +1, q+1).


2.4 UE coexistence requirements for inter-band concurrent operation
RAN4 can reuse the UE coexistence requirements [3] of the existing inter-band CA_n46-n78 for the example SL-U band combinations as follow
	NR CA combination
	Spurious emission

	
	Protected Band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	CA_n46-n78
	E-UTRA Band 1, 3, 5, 7, 8, 11, 18, 19, 20, 21, 26, 28, 34, 39, 40, 41, 65
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	8

	NOTE 8:	This requirement is only applicable for carriers with bandwidth confined within 1885-1920 MHz (requirement for carriers with at least 1RB confined within 1880 - 1885 MHz is not specified). This requirement applies for an uplink transmission bandwidth less than or equal to 54 RB for carriers of 15 MHz bandwidth when carrier center frequency is within the range 1892.5 - 1894.5 MHz and for carriers of 20 MHz bandwidth when carrier center frequency is within the range 1895 - 1903 MHz.



Proposal #4: RAN4 can reuse the UE coexistence requirements of the CA_n46-n78 UE for the UE coexistence requirements of the inter-band con-current SL-U UE with n78@licensed band + n46@Unlicensed band. 

2.5 Additional spurious emission for inter-band concurrent operation
For the additional spurious emission requirements for the inter-band concurrent SL-U operation, RAN4 can follow the additional spurious emission for the inter-band CA UE. However, RAN4 did not define the additional spurious emission requirements for CA_n46-n78 in TS38.101-1.
Therefore, RAN4 do not need to define the additional emission for inter-band concurrent SL-U operation. The individual additional spurious emission requirements in clause 6.5.3.3 for NR Uu @ n78 operation will be applied for NR n78 carrier, but there was not defined the additional emission requirements for n78 operation. Also, the additional emission requirements in clause 6.5F.2.4 and 6.5F.3.3 will be applied for n46 @ unlicensed bands with the related NS_xx values in following Table 6.2F.3.1-1A [3]. 

Table 6.2F.3.1-1A: Mapping of network signaling label
	NR band
	Value of additionalSpectrumEmission

	
	0
	1
	2
	3
	4
	5
	6
	7

	n46
	NS_01
	NS_28
	NS_29
	NS_30
	NS_31
	
	
	

	n96
	NS_01
	NS_53
	NS_54
	NS_59
	NS_60
	NS_61
	
	

	n102
	NS_01
	NS_58
	
	
	
	
	
	

	NOTE:	additionalSpectrumEmission corresponds to an information element of the same name defined in clause 6.3.2 of TS 38.331 [7].



Proposal #5: RAN4 do not need to define the additional spurious emission requirements for inter-band con-current SL-U UE with n78@licensed band + n46@Unlicensed band. The individual additional spurious emission limits per each operating band will be applied for the n78 licensed band and n46 unlicensed band, respectively.

2.6 REFSENS and delta Tib/Rib for inter-band concurrent operation
For the inter-band CA_n46-n78 UE, RAN4 already defined the delta Tib/Rib and detail REFSENS exceptions for the harmonic mixing problem and cross band isolation as shown in following 4 Tables in [3]. 
Table 7.3A.4-4: Reference sensitivity exceptions and uplink/downlink configurations due to harmonic mixing from a PC3 aggressor NR UL band for DL NR CA FR1
	UL band
	DL band
	UL BW
	SCS of UL band
	UL RB Allocation
	DL BW
	MSD
	UL/DL fc condition
	UL/DL harmonic order

	
	
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(dB)
	
	

	n46
	n78
	5
	15
	25 (RBstart=0)
	10
	19.5
	NOTE 2
	UL2/DL3

	n46
	n78
	20
	15
	100 (RBstart=0)
	100
	12
	NOTE 2
	UL2/DL3



Table 7.3A.6-1: Reference sensitivity exceptions (MSD) and uplink/downlink configurations due to cross band isolation from a PC3 aggressor NR UL band for NR CA FR1
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference
source

	
	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(MHz)
	(dB)
	

	n46
	n78
	5190
	80
	30
	216 (RBstart=0)
	3795
	10
	10.4
	>ACLR2

	n46
	n78
	5190
	80
	30
	216 (RBstart=0)
	3750
	100
	5.1
	>ACLR2

	n78
	n46
	3750
	100
	30
	270 (RBstart=3)
	5160
	20
	13.5
	>ACLR2



Table 6.2A.4.2.3-1: ΔTIB,c due to CA (two bands)
	Inter-band CA combination
	NR Band
	ΔTIB,c (dB)

	CA_n46-n78
	n78
	0.8



Table 7.3A.3.2.1-1: ΔRIB,c due to CA (two bands)
	Inter-band CA combination
	NR Band
	ΔRIB,c (dB)

	CA_n46-n78
	n78
	0.5



Hence, RAN4 can reuse the eisting REFSENS requirements and delta Tib/Rib for inter-band concurrent SL-U operation with n78@licensed band + n46@Unlicensed band.

Proposal #6: RAN4 can reuse the existing CA_n46-n78 requirements to define REFSENS exception requirements for inter-band con-current SL-U UE with n78@licensed band + n46@Unlicensed band. Also the existing delta Tib/Rib values will be defined for the additional ILs terms for the example SL-U band combinations.

3. Conclusions
In this contribution, we provided the example inter-band con-current band combinations and our view on the example RF architecture and necessity of intra-band con-current operation in Rel-18 as follows.

Proposal #1: The above separate RF architectures in Figure 2-1 are baseline to define detailed RF requirements for inter-band con-current operation in Rel-18.
Proposal #2: RAN4 can support the following power classes as total transmitted power for Maximum output Power of inter-band concurrent UE in Rel-18. 
· 1st priority 
· PC3 Uu@Licensed + PC5 SL@Un-licensed
· PC2 Uu@Licensed + PC5 SL@Un-licensed
· 2nd priority:  PC3 SL@ unlicensed combinations will be treated as 2nd priority 
· PC3 Uu@Licensed + PC3 SL@Un-licensed 
· PC2 Uu@Licensed + PC3 SL@Un-licensed
· RAN4 define MOP per UE as the total transmitted power from each operating band
Proposal #3: RAN4 can define the configured Tx power for inter-band con-current SL-U operation UE as follow. 
Proposal #4: RAN4 can reuse the UE coexistence requirements of the CA_n46-n78 UE for the UE coexistence requirements of the inter-band con-current SL-U UE with n78@licensed band + n46@Unlicensed band. 
Proposal #5: RAN4 do not need to define the additional spurious emission requirements for inter-band con-current SL-U UE with n78@licensed band + n46@Unlicensed band. The individual additional spurious emission limits per each operating band will be applied for the n78 licensed band and n46 unlicensed band, respectively.
Proposal #6: RAN4 can reuse the existing CA_n46-n78 requirements to define REFSENS exception requirements for inter-band con-current SL-U UE with n78@licensed band + n46@Unlicensed band. Also the existing delta Tib/Rib values will be defined for the additional ILs terms for the example SL-U band combinations.

Based on the above proposals, RAN4 can study and specify the related RF core requirements for inter-band con-current band combinations in Rel-18.
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