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1. [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Introduction
[bookmark: _GoBack]In the last meeting, RAN4 discussed the configured transmitted power for intra-band V2X operation with no agreement achieved [1] [2]. This contribution will provide our views on configured transmitted power for intra-band V2X operation and also inter-band V2X con-current operation.
2. Discussion
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]2.1 Inter-band V2X con-current operation
In current specs, the case that UE is not associated with a serving cell is only included. In this case, PEMAX,c is signalled by IEsl-maxTxPower that is dedicated for V2X carrier. 
When it comes to the case that UE is associated with a serving cell, PEMAX,c of Uu carrier and V2X carrier should be signalled with each dedicated IE, i.e. IEP-max for Uu and IEsl-maxTxPower for SL. So it is proposed to remove the sentence “when the UE is not associated with a serving cell on the NR V2X carrier”.
	[bookmark: _Toc45888157][bookmark: _Toc45888756][bookmark: _Toc61367401][bookmark: _Toc61372784][bookmark: _Toc68230725][bookmark: _Toc69084138][bookmark: _Toc75467148][bookmark: _Toc76509170][bookmark: _Toc76718160]6.2E.4	Configured transmitted power for V2X
[bookmark: _Toc45888158][bookmark: _Toc45888757][bookmark: _Toc61367402][bookmark: _Toc61372785][bookmark: _Toc68230726][bookmark: _Toc69084139][bookmark: _Toc75467149][bookmark: _Toc76509171][bookmark: _Toc76718161]6.2E.4.1	General
The NR V2X UE is allowed to set its configured maximum output power PCMAX,f,c for carrier f of serving cell c in each slot. The configured maximum output power PCMAX,f,c is set within the following bounds:
PCMAX_L,f,c ≤  PCMAX,f,c  ≤  PCMAX_H,f,c with
	PCMAX_L,f, c = MIN {PEMAX,c – TC,c,  PPowerClass –– MAX(MAX(MPRc , A-MPRc)+ ΔTIB,c + TC,c , P-MPRc), PRegulatory,c }
PCMAX_H,f, c = MIN {PEMAX,c, PPowerClass,  PRegulatory }
where
-	PCMAX,f,c is configured for PSSCH\PSCCH, S-SSB and PSFCH, respectively;
-	For the total transmitted power PCMAX,PSSCH/PSCCH , PEMAX,c is the value given by IEsl-maxTxPower, defined by TS 38.331, when the UE is not associated with a serving cell on the NR V2X carrier .



In Rel-16 NR V2X, UE maximum output power for V2X con-current operation is specified per band combination as shown below in TS 38.101-1/3. Take 38.101-1 as an example.
Table 6.2E.1.2-1: NR V2X UE Power Class for inter-band con-current combination (two bands)
	NR V2X con-current operating band Configuration
	Class 1 (dBm)	
	Tolerance (dB)	
	Class 2 (dBm)
	Tolerance
(dB)	
	Class 3 (dBm)
	Tolerance (dB)	
	Class 4 (dBm)
	Tolerance (dB)

	V2X_n39A-n47A
	
	
	
	
	23
	+2/-32
	
	

	V2X_n40A-n47A
	
	
	
	
	23
	+2/-32
	
	

	V2X_n41A-n47A
	
	
	
	
	23
	+2/-32
	
	

	V2X_n71A-n47A
	
	
	
	
	23
	+2/-34
	
	

	V2X_n78A-n47A
	
	
	
	
	23
	+2/-32
	
	

	V2X_n79A-n47A
	
	
	
	
	23
	+2/-32
	
	

	NOTE 1:	The con-current band combinations are used for NR V2X Service.
NOTE 2:	PPowerClass is the maximum UE power specified without taking into account the tolerance 
NOTE 3:	For inter-band con-current aggregation the maximum power requirement apply to the total transmitted power over all component carriers (per UE).
NOTE 4:	4 refers to the transmission bandwidths (Figure 5.6-1) confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB



Based on above power class definition per band combination, it is observed that inter-band con-current operating UE has the upper limit of total output power of Uu and V2X. Nevertheless the total output power of Uu and V2X, i.e. PCMAX_H (p,q), is not confined with the upper power limit in current specs (See below yellow highlighted). 
	[bookmark: _Toc45888159][bookmark: _Toc45888758][bookmark: _Toc61367403][bookmark: _Toc61372786][bookmark: _Toc68230727][bookmark: _Toc69084140][bookmark: _Toc75467150][bookmark: _Toc76509172][bookmark: _Toc76718162]6.2E.4.2	Configured transmitted power for 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 limits for a serving cell c as specified in clause 6.2.4.
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. PCMAX_L may be modified for any overlapping portion of slots (p, q) and (p +1, q+1).



The right way is to add the upper power limit for inter-band band combinations as follows:
	PCMAX_H (p,q) = MIN{10 log10 [pCMAX_H,c,NR (p) + pCMAX_H,c,V2X (q)], PPowerClass, V2X}
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.
· PPowerClass, V2X is the maximum intra-band V2X con-current UE power specified in Table 6.2E.1.2-1 without taking into account the tolerance;



Currently, power class for all the inter-band band combinations is 23dBm. Higher power class, e.g. PC2, PC1, can be added if request is identified in the future. For the time being, the current specs needs to be updated with upper power limits for PCMAX_H (p,q) to avoid any misalignment and misunderstanding.
Observation 1: Inter-band con-current operating UE has the upper limit of total output power of Uu and V2X. Nevertheless the total output power of Uu and V2X, i.e. PCMAX_H (p,q), is not confined with the upper power limit in current specs.
Proposal 1: To add the upper power limit for inter-band band combinations as follows:
	PCMAX_H (p,q) = MIN{10 log10 [pCMAX_H,c,NR (p) + pCMAX_H,c,V2X (q)], PPowerClass, V2X}
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.
· PPowerClass, V2X is the maximum intra-band V2X con-current UE power specified in Table 6.2E.1.2-1 without taking into account the tolerance;



2.2 Intra-band V2X operation in Band n79
In SL enhancement WI, intra-band V2X operation including TDM and FDM are introduced for Band n79 as Rel-16 leftover issues. For TDM mode, each UE configured transmitted power specified for NR Uu and NR V2X should apply for NR uplink carrier and NR V2X carrier, respectively.
For FDM mode, RAN4 has agreed that separate RF chain is considered as baseline for intra-band V2X con-current operation. Hence the principle of configured power definition for inter-band V2X con-current operation can be reused for intra-band V2X con-current operation with FDM mode. 
Intra-band V2X operation in Band n79 should be specified in 38.101-1 instead of 38.101-3 since NR Uu and NR V2X are involved.
Proposal 2: For intra-band V2X operation with TDM mode, each UE configured transmitted power specified for NR Uu and NR V2X should apply for NR uplink carrier and NR V2X carrier, respectively.
Proposal 3: The principle of configured power definition for inter-band V2X concurrent operation can be reused for intra-band V2X con-current operation with FDM mode.
The corresponding CRs for 38.101-1 and 38.101-3 are derived in our companion papers.
3. Conclusion
This contribution mainly discusses configured transmitted power. The following observations and proposals are derived:
Observation 1: Inter-band con-current operating UE has the upper limit of total output power of Uu and V2X. Nevertheless the total output power of Uu and V2X, i.e. PCMAX_H (p,q), is not confined with the upper power limit in current specs.
Proposal 1: To add the upper power limit for inter-band band combinations as follows:
	PCMAX_H (p,q) = MIN{10 log10 [pCMAX_H,c,NR (p) + pCMAX_H,c,V2X (q)], PPowerClass, V2X}
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.
· PPowerClass, V2X is the maximum intra-band V2X con-current UE power specified in Table 6.2E.1.2-1 without taking into account the tolerance;


Proposal 2: For intra-band V2X operation with TDM mode, each UE configured transmitted power specified for NR Uu and NR V2X should apply for NR uplink carrier and NR V2X carrier, respectively.
Proposal 3: The principle of configured power definition for inter-band V2X concurrent operation can be reused for intra-band V2X con-current operation with FDM mode.
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5. Annex
[bookmark: _Toc389726260][bookmark: _Toc389726498][bookmark: _Toc389726706][bookmark: _Toc408410550][bookmark: _Toc424910910][bookmark: _Toc436345279]***********************************Start of the TP*************************************
5.2.3.2.x	Configured transmitted power
For intra-band V2X operating UE in Band n79 with TDM mode, each UE configured transmitted power specified in clause 6.2.4 and in clause 6.2E.4 apply for NR uplink carrier and NR V2X carrier, respectively.

<<Unchanged section omitted>>

5.2.4.2.3	UE configured transmitted power
When a UE is configured for simultaneous NR V2X sidelink and NR uplink transmissions for intra-band con-current operation in Band n79, 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 limits for a serving cell c as specified in clause 6.2.4.
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) = MIN{10 log10 [pCMAX_H,c,NR (p) + pCMAX_H,c,V2X (q)], PPowerClass, V2X}
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.
· PPowerClass, V2X is the maximum intra-band V2X con-current UE power specified in Table 5.2.4.2.1-1 without taking into account the tolerance;
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. PCMAX_L may be modified for any overlapping portion of slots (p, q) and (p +1, q+1).
***********************************End of the TP**************************************
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