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1. Introduction
In RAN4 #107 meeting, the WF on NR SL inter-band concurrent operation between licensed band and unlicensed bands was approved [1]. Based on the updated WF [1], RAN4 needs to complete the remaining Tx/Rx RF requirements to support NR SL inter-band concurrent NR Uu and SL-U operation as follows.

	[bookmark: _heading=h.30j0zll][bookmark: _Hlk142388254]1-2-1: MOP for Uu@Licensed and SL@Un-licensed
WF: Further discuss in next meeting with issue 1-2-3 together
· Option 1: Define MOP as the total transmitted power from each operating band
· Option 2: Define MOP per each operating band in Rel-18

1-2-3: Configured transmitted power for Uu@Licensed and SL@Un-licensed
WF: Further discuss in next meeting 
· Option 1: Apply the principle of the configured transmitted power of NR inter-band CA for 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 
· 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}
· Option 2: 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 (e.g., PEMAX,con-current)    
· Option 3: Follow the same approach as Rel-17 inter-band concurrent operation 

2-1-5: RF requirement impact due to NR 2nd slot power limitation of RAN1 agreement for LTE SL and NR SL co-channel coexistence scenario
· Proposals
· Option 1
· RAN4 should analyze if additional functionality or requirements are needed to ensure that NR SL UEs follow the behavior as RAN1 agreement.
· RAN4 should analyze if this behavior that ensures the co-channel coexistence can impact some other minimum performance requirements. One example here can be the PUMAX,f,c. 
· In case that clarification in PUMAX,f,c requirement is deemed necessary it could be clarified that PUMAX,f,c tolerances are increased in case of co-channel coexistence or that PUMAX.f.c needs to be measured using the 1st slot only
WF: Further discuss in next meeting


 
In this paper, we propose our preference of the remaining open RF issues based on the existing specification of the legacy inter-band concurrent operation.

2. Discussion on inter-band concurrent SL operation
2.1 Target power class for inter-band concurrent SL operation
In the NR V2X con-current operation, RAN4 defined PC2/PC3 con-current operation as the target power classes between licensed bands and ITS spectrum from Rel-16.
However, RAN4 agreed not to support PC2 @ licensed band at last #107 meeting for the inter-band con-current SL operation. Hence RAN4 only supports the power combinations between PC3 Uu@Licensed + PC5 SL@Unlicensed band in Rel-18. 
One of the open issues is how to define the maximum output power for NR SL inter-band con-current operation UE. 
In the current 3GPP specification of NR V2X UE in TS38.101, the maximum output power was defined as followTS38.101-1 v18.2.0
[image: ]

In the Note 3 in Table 6.2E.1.2-1, we can see the aggregated power applied to the total transmitted power over all component carriers (Per UE).
Also, all power classes of inter-band CA band combinations UE were defined as total aggregated power for the maximum output power of CA UE in licensed bands.
Based on this analysis, we proposed as follow
Proposal #1: 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
· RAN4 defines MOP per UE as the total transmitted power from each operating band.

2.2 Configured Tx power for inter-band concurrent operation
In NR V2X inter-band concurrent operation, RAN4 defined the configured Tx power [3] as follows based on the configured Tx power for inter-band CA band combinations UE.TS38.101-1 v18.2.0[image: 텍스트, 폰트, 스크린샷, 편지이(가) 표시된 사진  자동 생성된 설명]



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 #2: RAN4 need to follow the inter-band CA principle to define the configured Tx power for inter-band con-current SL-U operation UE as follows. 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).



2.3 Other RF issues for inter-band concurrent operation
In the last RAN4 meeting, RAN4 could not discuss the RAN1 agreements for the NR 2nd slot power limitation in the LTE SL and NR SL co-channel coexistence scenario.
Based on the RAN1 agreements and proponent proposals [5], RAN4 needs to decide whether to define the additional RF requirements or not in Rel-18. 
	Agreement (RAN1#112bis-e)
For NR SL transmissions of 30kHz SCS with dynamic resource pool sharing, the power level of the NR PSCCH/PSSCH transmission in the first of NR SL slots overlapping with an LTE SL subframe is always larger than or equal to the power level(s) of the NR PSCCH/PSSCH transmission in the subsequent NR SL slot overlapping with the LTE SL subframe.
· Note: How to ensure the above condition is up to UE implementation
· FFS on whether same or different frequency allocation may be used in the second overlapping slot



Analysis figures from [5], we can see the impact in LTE UE3 Rx performance by the higher power at 2nd slot of NR V2X UE in figure (A) and (B) in 2.3.1.
[image: ]
Figure 2.3-1 AGC impact on the co-channel operation with LTE SL + NR SL (Case 2)

This problem can be solved by UE implementation to restrict the 2nd slot power set to equal or less than 1st slot of NR V2X UE. 
Also, the configured Tx power is not impacted since all of Tx power was considered as maximum output power to verify the conformance test. So the Pumax equation will cover the available range of  the NR V2X UE. Based on above analysis, we propose as follow

Proposal #3: RAN4 can solve the RAN1 agreement as UE implementation and the configured Tx power for inter-band con-current operation UE do not have any impact by the RAN1 agreements.

3. Conclusions
In this contribution, we provided our view on the remaining RF requirements for NR SL inter-band concurrent operation between n78@licensed band and n46@unlicensed band UE. Based on our analysis, we propose the following.

Proposal #1: 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
· RAN4 defines MOP per UE as the total transmitted power from each operating band.

Proposal #2: RAN4 needs to follow the inter-band CA principle to define the configured Tx power for inter-band con-current SL-U operation UE as follows section 2.2.
Proposal #3: RAN4 can solve the RAN1 agreement as UE implementation and the configured Tx power for inter-band con-current operation UE do not have any impact by the RAN1 agreements.

Reference
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[5] R4-2308416, “On Co-channel coexistence for LTE SL and NR SL,” LGE
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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 Pemax.enr and Pevax c axfor the configured NR
uplink carrier and the configured NR V2X carrier, respectively, and its total configured maximum output power Pcyvax.c.

The configured maximum output power Pcyax cnr(p) in slot p for the configured NR uplink carrier shall be set within the
bounds:

Pemax Lenr () < Pemaxenr () < Pemax Heong (2)
where Pemax revrand Pevax m.ovr are the limit as specified in clause 6.2E.4.1.

The configured maximum output power Pemax e,r2x (q) in slot g for the configured NR V2X carrier shall be set within the
bounds:

Pemaxe72x(q) < Pemax Herox (9)
where Pemax He rox is the limit as specified in clause 6.2E.4.

The total UE configured maximum output power Pevax (p,¢) in a slot p of NR uplink carrier and a slot ¢ of NR V2X
sidelink that overlap in time shall be set within the following bounds for synchronous and asynchronous operation
unless stated otherwise:

Pemax 1 (2,9) < Pomax (2,9) < Pemax u1(p,.q)
with
Pemax 1 (2,9) = Pemax Long (p)
Povax 1 (@,9) = 10 logio [pemax m.enr () + pemax mev2x ()]
where pemax He r2x and pemax meng are the limits Pemax e rox (9) and Pemax menr (p) expressed in linear scale.
The measured total maximum output power Pymax over both the NR uplink and NR V2X carriers is
Pumax = 10 logio [pumax.cng + pumax.raxl,

where pumax.cnr denotes the measured output power of serving cell ¢ for the configured NR uplink carrier, and
Pumax., 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,
Povax 1@ @) — Trow (Pemax (@, 9)) < Pumax < Povax m(@, ¢) + Taiea (Pevax 5@, 9))

where Pevax 1 (9,9) and Pemax H(p,q) are the limits for the pair (p,q) and with the tolerances Trow(Pcmax) and
Treu(Pemax) for applicable values of Pevax specified in Table 6.2E.4.1-1.. Peyax © may be modified for any
overlapping portion of slots (p, ¢) and (p +1, g+1).
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3GPP TS 38.101-1 V17.9.0 (2023-03)

Table 6.2E.1.2-1: Power Class for NR V2X inter-band con-current combination (two bands)

NR V2X con- NRband | Class1 | Tolerance | Class 2 | Tolerance | Class 3 | Tolerance | Class 4 | Tolerance
current (dBm) (dB) (dBm) (dB) (dBm) (dB) (dBm) (dB)
operating band
Configuration
V2X_n1A-n47A n1 23 +2
n47 23 +2/-3
V2X_n5A-n47A n5 23 +2
n47 23 +2/-3
V2X_n8A-n47A n8 23 +2
n47 23 +2/-3
V2X_n39A-n47A n39 23 +2/-3
n47 23 +2/-3
V2X_n40A-n47A n40 23 +2/-3
n47 23 +2/-3
V2X_n41A-n47A n41 23 +2/-3
n47 23 +2/-3
V2X_n71A-n47A n71 23 +2/-3%
n47 23 +2/-3
V2X_n78A-n47A n78 23 +2/-3
n47 23 +2/-3
V2X_n79A-n47A n79 23 +2/-3
n47 23 +2/-3

NOTE 1: For the con-current band combinations, the simultaneous transmission and reception of sidelink and Yu interfaces can be
supported while operation is agnostic of the service used on each interface.
NOTE 2: Preowerciass IS the maximum output power specified without taking into account the tolerance for each operating band.
NOTE 3: For inter-band con-current operation, the aggregation power apply to the total transmitted power over all component
carriers (per UE).
NOTE 4: “refers to the transmission bandwidths (Figure 5.6-1) confined within Fui_iow, and Eu_iow + 4 MHZ or Fy_igh — 4 MHz and
FuL_nigh, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB
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Table 6.2E.1.2-1: Power Class for NR V2X inter-band con-current combination (two bands)

NR V2X con- NRband | Class1 | Tolerance | Class 2 | Tolerance | Class 3 | Tolerance | Class 4 | Tolerance
current (dBm) (dB) (dBm) (dB) (dBm) (dB) (dBm) (dB)
operating band
Configuration
V2X_n1A-n47A n1 23 +2
n47 23 +2/-3
V2X_n5A-n47A n5 23 +2
n47 23 +2/-3
V2X_n8A-n47A n8 23 +2
n47 23 +2/-3
V2X_n39A-n47A n39 23 +2/-3
n47 23 +2/-3
V2X_n40A-n47A n40 23 +2/-3
n47 23 +2/-3
V2X_n41A-n47A n41 23 +2/-3
n47 23 +2/-3
V2X_n71A-n47A n71 23 +2/-3%
n47 23 +2/-3
V2X_n78A-n47A n78 23 +2/-3
n47 23 +2/-3
V2X_n79A-n47A n79 23 +2/-3
n47 23 +2/-3

NOTE 1: For the con-current band combinations, the simultaneous transmission and reception of sidelink and Yu interfaces can be
supported while operation is agnostic of the service used on each interface.
NOTE 2: Preowerciass IS the maximum output power specified without taking into account the tolerance for each operating band.
NOTE 3: For inter-band con-current operation, the aggregation power apply to the total transmitted power over all component
carriers (per UE).
NOTE 4: “refers to the transmission bandwidths (Figure 5.6-1) confined within Fui_iow, and Eu_iow + 4 MHZ or Fy_igh — 4 MHz and
FuL_nigh, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB





