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1. Introduction
In the last meeting, work plan for NR sidelink enhancement in R17 [1] was approved. The following item about high power UE (PC2) for SL enhancements is captured as follows:
o
High power UE (PC2) for SL enhancements 


Single antenna High power UE, SL-MIMO high power UE and PC2 inter-band con-current operation

This topic about HPUE has been extensively discussed in the NR RF session. However, for NR V2X, the discussion for HPUE hasn’t nearly started yet. In this contribution, we will discuss HPUE scenarios and potential RF issues for NR V2X in R17.
2. Discussion
For the scenarios supporting HPUE for NR V2X, the work plan lists the following items: single antenna HPUE, SL-MIMO HPUE, HPUE for inter-band con-current operation.
2.1. Single Antenna HPUE
In Rel-16, there are two operating bands n38 and n47 defined for NR V2X. For now, these two bands only support default PC3 (+23dBm) as the only power class. In Rel-17, we will discuss the possibility of supporting HPUE for these two bands for NR V2X.
Table 5.2E.1-1 V2X operating bands in FR1
	V2X Operating Band
	Sidelink (SL) Transmission operating band
	Sidelink (SL)  Reception operating band
	Duplex Mode
	Interface

	
	FUL_low   –  FUL_high
	FDL_low  –  FDL_high
	
	

	n381
	2570 MHz
	-
	2620 MHz
	2570 MHz
	-
	2620 MHz
	HD
	PC5

	n47
	5855 MHz
	-
	5925 MHz
	5855 MHz
	-
	5925 MHz
	HD
	PC5

	Note 1: When this band is used for V2X SL service, the band is exclusively used for NR V2X in particular regions.


In LTE V2X, operating band 47 has already supported PC2 for single antenna port. To compete with LTE V2X, it is necessary to support HPUE for operating band n47. 
For V2X operating band n38, it is a licensed band only used for NR V2X in particular regions. When n38 is only used for NR Uu, it only supports PC3 as the only power class. In LTE, band 38 can support HPUE for single antenna port.
In Rel-17, it is considered that band n38 can be partially used for NR SL. In this case, when introducing HPUE for n38 for SL services, it is inevitable to consider the co-existence between PC2 SL services and PC3 Uu services.

Proposal 1: To study the feasibility of introducing HPUE for V2X operating bands n47 and n38. 
When introducing HPUE feature for V2X operating bands, additional RF requirements need to be defined along with it. For HPUE, it has bigger impact on the SL Tx requirements than Rx requirements. Among the SL Tx requirements, the MPR/A-MPR requirements are of the very importance. Before we discussed the MPR/A-MPR requirements, the simulation assumptions about the PA model, waveform, transmission bandwidths should be aligned first.
Proposal 2: Before defining the PC2 MPR/A-MPR requirements, the simulation assumptions about the PA model, waveform, transmission bandwidths should be aligned first.
When employing PC2 SL services in a particular region, we need to perform the co-existence study first. For band n38, it is most likely to partially used this band for SL. Thus, performing co-existence study for band n38 is necessary if introducing HPUE for this band.
Proposal 3: Performing co-existence study for band n38 is necessary if introducing HPUE for this band.
When introducing HPUE for NR V2X, another important issue is how to meet the SAR requirements. Fortunately, we have fully discussed this issue in NR HPUE. In NR V2X, the SAR issue may need more discussion.
In NR, the requirements for a UE supports a different power class higher than the default UE power class are defined as follows:
If a UE supports a different power class than the default UE power class for the band and the supported power class enables the higher maximum output power than that of the default power class:

-
if the field of UE capability maxUplinkDutyCycle-PC2-FR1 is absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than 50% (The exact evaluation period is no less than one radio frame); or

-
if the field of UE capability maxUplinkDutyCycle-PC2-FR1 is not absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-PC2-FR1 as defined in TS 38.331 (The exact evaluation period is no less than one radio frame); or

-
if the IE P-Max as defined in TS 38.331 [7] is provided and set to the maximum output power of the default power class or lower;

-
shall apply all requirements for the default power class to the supported power class and set the configured transmitted power as specified in clause 6.2.4;
In NR V2X HPUE, we can first decide whether to reuse the UE capability maxUplinkDutyCycle or introduce the new UE capability maxSidelinkDutyCycle, other solutions not precluded. Then, the percentage of sidelink Tx symbols should be carefully evaluated. The solution of how to meet SAR requirements can be followed by NR.
For TDD licensed bands partially used SL, sidelink Tx symbols can only occur in the UL symbols for Uu. This should be considered in the evaluation of the percentage of sidelink Tx symbols.
Proposal 4: To study the SAR issues for NR V2X HPUE.
2.2. SL-MIMO HPUE
In R16 NR V2X, only the default power class PC3 is supported for SL-MIMO as shown in the following table. PC2 was agreed to be removed for SL-MIMO because of power class reporting issue in RAN4#96-e [2]. In R16 NR, only one power class signalling is defined per band. Thus Rel-16 NR UE has the same power class either for single antenna mode or SL-MIMO mode. For SL MIMO with PC2, UE can still report PC3 since PC3 is default for single antenna port. Thus, it would lead to UE not reaching PC2 for SL-MIMO due to power class reporting [3].
Table 6.2E.1.1-1: NR V2X UE Power Class for SL-MIMO
	NR band
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	n38
	
	
	
	
	23
	+2/-3
	
	

	n47
	
	
	
	
	23
	+2/-3
	
	


In R17 NR V2X, if HPUE is introduced for SL-MIMO, the first issue needs to solved is that how to solve the power class reporting for SL MIMO.
Proposal 5: Before introducing HPUE for SL-MIMO, clarify how to report the power class for UE with PC2 under SL MIMO.
2.3. PC2 for inter-band con-current operation

In the current spec 38.101-3, the default power class PC3 is defined for inter-band con-current operation. And UE configured output power for inter-band V2X are captured as follows:

The configured maximum output power PCMAX c,Uu(p) in subframe p for the configured E-UTRA or NR uplink carrier shall be set within the bounds:

PCMAX_L,c, Uu (p) ≤  PCMAX,c, Uu (p) ≤  PCMAX_H,c, Uu (p)

where PCMAX_L,c,Uu and PCMAX_H,c, Uu are the limits for a serving cell c as specified in subclause 6.2.5 TS 36.101 [4] or 6.2.4 TS 38.101-1 [2].
The configured maximum output power PCMAX c,V2X (q) in slot q for the configured NR or E-UTRA V2X SL 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 subclause 6.2C.4 of TS 38.101-1 [2] or 6.2.5G or TS 36.101 [5].
The total UE configured maximum output power PCMAX (p,q) in a subframe p of E-UTRA 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,Uu (p)
PCMAX_H (p,q) = 10 log10 [pCMAX_H,c, Uu (p) + pCMAX_H,c,V2X (q)]
where pCMAX_H,c,V2X and pCMAX_H,c,Uu are the limits PCMAX_H,c,V2X (q) and PCMAX_H,c,Uu (p) expressed in linear scale.

According to the description of configured output power for inter-band con-current operation, both the configured output power for Uu and the configured output power for SL could reach PC3. In this case, the equation of PCMAX_H could exceed PC3, maximum up to PC2 (26 dBm) which violates the maximum output power requirement for inter-band con-current operation.

Typically, the implementation of NR V2X UE for inter-band con-current assumes that the Uu and SL are using different modems and separate RF chains. Thus, Uu power is unaware of SL power, in which case there is no dynamic power sharing. If inter-band con-current operation needs to comply with PC3 requirement, that is, power split would be 20dBm for Uu and 20dBm for SL fairly. In practice, neither SL interface nor Uu interface can use PC3, which would degrade the coverage and performance for Uu and SL. It is suggested to introduce PC2 for inter-band con-current operation for better performance in Rel-17.
Proposal 6: Introduce PC2 for inter-band con-current operation for better performance in Rel-17.
3. Conclusion
This contribution discusses potential issues for supporting HPUE for single antenna port, SL-MIMO, inter-band con-current operation. The following proposals are made:
Proposal 1: To study the feasibility of introducing HPUE for V2X operating bands n47 and n38.
Proposal 2: Before defining the PC2 MPR/A-MPR requirements, the simulation assumptions about the PA model, waveform, transmission bandwidths should be aligned first.
Proposal 3: Performing co-existence study for band n38 is necessary if introducing HPUE for this band.
Proposal 4: To study the SAR issues for NR V2X HPUE.
Proposal 5: Before introducing HPUE for SL-MIMO, clarify how to report the power class for UE with PC2 under SL MIMO.
Proposal 6: Introduce PC2 for inter-band con-current operation for better performance in Rel-17.
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