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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this paper, we provide initial MPR simulation results for NR V2X intra-band con-current operation. 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Discussion 
In last RAN4 meeting, one WF[1] was agreed for MPR simulation assumption for NR V2X intra-band con-current operation. Based on the following simulation assumptions, we provided some simulation results.
Considered simulation assumptions.
	· Channel BW configurations for class B 
· 10MHz (NR SL, 30kHz SCS) + 10/20/40/60/80MHz (NR Uu, 30kHz SCS)
· 20MHz (NR SL, 30kHz SCS) + 20/40/80MHz (NR Uu, 30kHz SCS) 
· Waveform
· CP-OFDM(NR SL) + CP-OFDM(NR Uu)
· Maximum total output power
· 26dBm : 23dBm 2 PAs
· 23dBm : Back off 3dB with 23dBm 2 PAs
· Modulation order
· QPSK/16QAM/64QAM/256QAM
· Sub-channel sizes for NR SL
· 10/24 RB for 10MHz
· 10/50 RB for 20MHz 
· RB sizes for NR Uu
· 1 RB for 10/20/40/60/80 MHz




The following figures show simulation results of MPR with maximum total output power of 26dBm assuming 23dBm 2 PAs.  
· Figure 2-1 : 10MHz(NR SL) + 10MHz(NR Uu)
· Figure 2-2 : 10MHz(NR SL) + 10/20/40/60/80MHz(NR Uu) 
· Figure 2-3 : 20MHz(NR SL) + 20/40/80MHz(NR Uu) 

The following figures show simulation results of MPR with maximum total output power of 23dBm after basically applying back off of 3dB to 23dBm 2 PAs.  
· Figure 2-4 : 10MHz(NR SL) + 10MHz(NR Uu)
· Figure 2-5 : 10MHz(NR SL) + 10/20/40/60/80MHz(NR Uu) 
· Figure 2-6 : 20MHz(NR SL) + 20/40/80MHz(NR Uu) 


Figure 2.1 MPR for 10MHz(SL) + 10MHz(UL) @ Max.Total.Power = 26dBm
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Figure 2.2 MPR for 10MHz(SL) + 10/20/40/60/80MHz(UL) @ Max.Total.Power = 26dBm
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Figure 2.3 MPR for 20MHz(SL) + 20/40/80MHz(UL) @ Max.Total.Power = 26dBm
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Figure 2.4 MPR for 10MHz(SL) + 10MHz(UL) @ Max.Total.Power = 23dBm
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Figure 2.5 MPR for 10MHz(SL) + 10/20/40/60/80MHz(UL) @ Max.Total.Power = 23dBm
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Figure 2.6 MPR for 20MHz(SL) + 20/40/80MHz(UL) @ Max.Total.Power = 23dBm

From the simulation results, followings are observed.
Observation 1: In most cases, required MPR is higher when min. RB of SL(10PRB) and UL(1PRB) are allocated at either left or right edge of allocated channel bandwidth compared to other cases. 
Observation 2: The higher the modulation order is, the smaller the difference of MPR according to allocated RB positions. For example, in case of maximum total power of 26dBm, the difference of MPR is about 1dB in case of 256QAM,  however, it is enlarged to about 4dB in case of QPSK and 16QAM.
Observation 3: For 2PAs with 23dBm per PA, the case that maximum total power is restricted to 23dBm requires less MPR than the case that maximum total power is not restricted but allowed to 26dBm. 

NR V2X intra-band con-current transmission is similar to intra-band contiguous EN-DC rather than intra-band contiguous CA in Rel-16 in aspect of UE architecture. The reason is that single PA was assumed to derive MPR for intra-band contiguous CA and 2 PAs for intra-band contiguous EN-DC in Rel-16.
In TS38.101-3, MRP requirements for the intra-band contiguous EN-DC was specified without differentiating per Modulation Order as follows.
	[bookmark: _Toc21351564][bookmark: _Toc29807146][bookmark: _Toc36648860][bookmark: _Toc36651585][bookmark: _Toc37256519][bookmark: _Toc37256860][bookmark: _Toc45890566][bookmark: _Toc45891790][bookmark: _Toc45892200][bookmark: _Toc45892610][bookmark: _Toc52353023][bookmark: _Toc53174846]6.2B.2	UE maximum output power reduction for DC
[bookmark: _Toc21351565][bookmark: _Toc29807147][bookmark: _Toc36648861][bookmark: _Toc36651586][bookmark: _Toc37256520][bookmark: _Toc37256861][bookmark: _Toc45890567][bookmark: _Toc45891791][bookmark: _Toc45892201][bookmark: _Toc45892611][bookmark: _Toc52353024][bookmark: _Toc53174847]6.2B.2.0	General
The UE maximum output power reduction (MPR) specified in this clause is applicable for UEs configured with EN-DC when NS_01 is indicated in the MCG and the SCG. The MPR applies subject to indication in the field modifiedMPRbehavior for the SCG [2].
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When the UE is configured for intra-band contiguous EN-DC, the UE determines the total allowed maximum output power reduction as specified in this clause.
For UE supporting dynamic power sharing the following:
-	for the MCG, MPRc in accordance with TS 36.101 [4]
-	for the SCG,
	MPR'c = MPRNR = MAX( MPRsingle,NR, MPRENDC)
-	for the total configured transmission power,
MPRtot = PPowerClass,EN-DC – min(PPowerClass,EN-DC ,10*log10(10^((PPowerClass,E-UTRA - MPRE-UTRA)/10) + 10^((PPowerClass,NR - MPRNR)/10))
where
	MPRE-UTRA = MAX(MPRsingle,E-UTRA, MPRENDC )
with
-	MPRsingle, E-UTRAis the MPR defined for the E-UTRA transmission in TS 36.101 [4]
-	MPRsingle,NR is the MPR defined for the NR transmission in TS 38.101-1 [2]
For UEs not supporting dynamic power sharing the following
-	for the MCG,
	MPRc = MAX(MPRsingle,E-UTRA, MPRENDC )
-	for the SCG,
	MPR'c = MAX( MPRsingle,NR, MPRENDC )
where
-	MPRsingle,NR is the MPR defined for the NR transmission in TS 38.101-1 [2]
-	MPRsingle,E-UTRA is the MPR defined for the E-UTRA transmission in TS 36.101 [4]
MPRENDC is defined in Clause 6.2B.2.1.2
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MPR in this clause is applicable for power class 3 and power class 2 UEs indicating IE dualPA-Architecture supported with EN-DC power class being the same as the E-UTRA and NR power class, otherwise the UE can use as much MPR as needed to fulfil emissions requirements when scheduled with dual uplink transmission. For UEs scheduled with single uplink transmission, MPR in clause 6.2.4 of TS 36.101 [4] and 6.2.2 of TS 38.101-1 [2] apply. For a UE supporting dynamic power sharing for DC_(n)71AA for which dual simultaneous uplink transmissions are mandatory and A-MPR defined in clause 6.2B.3.1.1 is applied as MPR. The allowed maximum output power reduction applied to transmission on the MCG and the SCG is defined as follows:
MPRENDC = MA
		Where MA is defined as follows
MA = 15	;	 0 ≤ B < 0.5
	   10	;	 0.5 ≤ B < 1.0
	    8	; 	1.0 ≤ B < 2.0
	    6	; 	2.0 ≤ B
Where:
	For UEs supporting dynamic power sharing,
			B = (LCRB_alloc, E-UTRA * 12* SCSE-UTRA + LCRB_alloc,NR * 12 * SCSNR)/1,000,000
For UEs not supporting dynamic power sharing,
	For E-UTRA
			B = (LCRB_alloc, E-UTRA * 12* SCSE-UTRA + 12 * SCSNR)/1,000,000
Where SCSNR = 15 kHz is assumed in calculation of B.
	For NR
			B = (12* SCSE-UTRA + LCRB_alloc,NR * 12 * SCSNR)/1,000,000
Where SCSE-UTRA = 15 kHz is assumed in calculation of B.
and MA is reduced by 1 dB for B < 2.



As mentioned in observation 2, MPR needs to be defined taking configured modulation order and RB allocation into account in addition to allocated RB sizes.
Proposal 1: Define MPR for NR V2X intra-band con-current operation of SL PC5 and Uu taking configured Modulation Order and RB allocations into account.

Regarding minimum sub-channel size of 10RB in SL, the parameter ‘B’ which is defined in Rel-16 above can be calculated as
· B = (MinSubChannel*12* SCSSL + LCRB_alloc,NR * 12 * SCSNR)/1000000.
Where, UE capable of SL and Uu is assumed not supporting dynamic power sharing regarding implementation of different chips for SL and Uu link.
Minimum value of B is calculated with MinSubChannel = 10RBs, SCSSL = 15kHz, SCSNR = 15kHz and LCRB_alloc,NR = 1 RB as below.. 
· B = (10*12*15000 + 1*12*15000)/1000000 = 1.98
In simulation, B of 3.96 is assumed for SCSSL = 30kHz, SCSNR = 30kHz.
· B = (10*12*30000 + 1*12*30000)/1000000 = 3.96
When considering all possible RB allocations, B is equal to or larger than about 2. In other words, 2.0 ≤ B is enough so that it is not necessary to consider ‘B’ for MPR of NR V2X intra-band con-current operation.
Proposal 2: Do not consider the ratio of total RB allocations over 1MHz (‘B’) for MPR for NR V2X intra-band con-current operation of SL and Uu Link.

Based on the simulation results, we propose MPR in Table 2.1 and Table 2.2 for maximum total output power of 26dBm and MPR in Table 2.3 and Table 2.4 for maximum total output power of 23dBm.
Table 2.1 and 2.2 show MPR in contiguous RB allocation and in non-contiguous RB allocation respectively for maximum total output power of 26dBm.
Table2.1: Contiguous RB allocation for maximum total output power of 26dBm(Power Class 2)
	Modulation
	MPR for bandwidth class B(dB)

	
	inner
	outer

	CP-OFDM
	QPSK
	≤ 1.5
	≤ 3.5

	
	16QAM
	≤ 2.0
	≤ 3.5

	
	64QAM
	≤ 3.0
	≤ 3.5

	
	256QAM
	≤ 5.0
	≤ 5.0

	Note : Bandwidth class B is that the aggregated channel bandwidth 20 MHz ≤ BWChannel_SL&UL ≤ 100 MHz.



For bandwidth class B with contiguous RB allocation in Table 2.1, the following parameters are defined to specify valid RB allocation ranges for Inner and Outer RB allocations:
An RB allocation is contiguous if LCRB1 = 0 or LCRB2 = 0 or (LCRB1  0 and LCRB2  0 and RBStart1 + LCRB1 = NRB1 and RBStart2 = 0), where RBStart1, LCRB1, and NRB1 are for SL CC1, RBStart2, LCRB2, and NRB2 are for UL CC2. SL CC1 is the component carrier with lower frequency.
In contiguous NR V2X intra-band con-current operation, a contiguous allocation is an inner allocation if
RBStart,Low  ≤  RBStart_SL&UL  ≤  RBStart,High, and NRB_alloc  ≤  ceil(NRB,agg /2),
where
RBStart,Low = max(1, floor(NRB_alloc /2))
RBStart,High = NRB,agg – RBStart,Low – NRB,alloc,
with
NRB_alloc= LCRB1 ∙ 2µ1 + LCRB2 ∙ 2µ2
NRB_alloc= (NRB1 - RBStart1)∙ 2µ1 + (RBStart2 + LCRB2 ) ∙ 2µ2, 
NRB,agg=NRB1∙2µ1+ NRB2∙2µ2.
If LCRB1 =0, RBStart_SL&UL = NRB1∙2µ1+ RBStart2∙2µ2,
if LCRB1 > 0, RBStart_SL&UL = RBStart1∙2µ1.
Where, µ1 and µ2 is 0, 1 and 2 for SCS of 15kHz, 30kHz and 60kHz respectively. 
A contiguous allocation that is not an Inner contiguous allocation is an Outer contiguous allocation.

Table2.2: Non-contiguous RB allocation for maximum total output power of 26dBm(Power Class 2)
	Modulation
	MPR for bandwidth class B(dB)

	
	inner
	Outer1
	Outer2

	CP-OFDM
	QPSK
	≤ 2.0
	≤ 4.0
	≤ 6.0

	
	16QAM
	≤ 2.5
	≤ 4.0
	≤ 6.0

	
	64QAM
	≤ 3.5
	≤ 4.5
	≤ 6.0

	
	256QAM
	≤ 4.5
	≤ 5.0
	≤ 6.0

	Note : Bandwidth class B is that the aggregated channel bandwidth 20 MHz ≤ BWChannel_SL&UL ≤ 100 MHz.



[bookmark: _GoBack]For bandwidth classes B with non-contiguous RB allocation in Table 2.2, the following parameters are defined to specify valid RB allocation ranges for Inner, Outer1 and Outer2 RB allocations:

Non-Contiguous RB allocation is defined as RBStart1 + LCRB1 < NRB1, or RBStart2 > 0, when both SL CC and UL CC are activated and allocated with RB(s), where RBStart1, LCRB1, and NRB1 are for SL CC1, RBStart2, LCRB2, and NRB2 are for UL CC2. SL CC1 is the component carrier with lower frequency.

In contiguous NR V2X intra-band con-current operation, a non-contiguous RB allocation is a non-contiguous Inner RB allocation if the following conditions are met:
RBStart,Low  ≤  RBStart_CA  ≤  RBStart,High and NRB_alloc ≤  ceil((BWChannel_SL&UL / 3 – BWgap ) / 0.18MHz),
where 
NRB_alloc = (NRB1 - RBStart1)∙ 2µ1 + (RBStart2 + LCRB2 ) ∙ 2µ2, RBStart_SL&UL = RBStart1∙21
RBStart,Low = max(1, floor(NRB_alloc + (BWgap – BWGB,low)/0.18MHz))
RBStart,High = floor((BWChannel_SL&UL – 2 ∙ BWgap – BWGB,low)/0.18MHz – 2 ∙ NRB_alloc)
BWGB,low =Foffset,low – (NRB1∙12+1)∙SCS1/2
BWgap is the bandwidth of the gap between NRB1 and NRB2 possible allocations of SL CC1 and UL CC2 respectively.

In contiguous NR V2X intra-band con-current operation, a non-contiguous RB allocation is a non-contiguous outer 1 RB allocation if the following conditions are met:
RBStart,Low  ≤  RBStart_SL&UL  ≤  RBStart,High and NRB_alloc ≤  ceil((3 BWChannel_SL&UL / 5 – BWgap) / 0.18MHz)
where
RBStart,Low = max(1, 2 ∙ NRB_alloc – floor( (BWChannel_SL&UL – 2 ∙ BWgap + BWGB,low)/0.18MHz)),
RBStart,High = floor((2 ∙ BWChannel_SL&UL – 3 ∙ BWgap – BWGB,low) / 0.18MHz – 3 ∙ NRB_alloc)
NRB_alloc , RBStart_SL&UL , BWgap and BWGB,low are as defined for the Inner region. 

In contiguous NR V2X intra-band con-current operation, a non-contiguous allocation is an Outer 2 allocation if it is neither an non-contiguous Inner allocation nor an Outer 1 allocation.

Table 2.3 and 2.4 show MPR in contiguous RB allocation and in non-contiguous RB allocation respectively for maximum total output power of 23dBm.
Table2.3: Contiguous RB allocation for maximum total output power of 23dBm(Power Class 3)
	Modulation
	MPR for bandwidth class B(dB)

	
	inner
	outer

	CP-OFDM
	QPSK
	≤ 1.0
	≤ 1.0

	
	16QAM
	≤ 1.0
	≤ 1.0

	
	64QAM
	≤ 1.0
	≤ 1.0

	
	256QAM
	≤ 1.5
	≤ 1.5

	Note : Bandwidth class B is that the aggregated channel bandwidth 20 MHz ≤ BWChannel_SL&UL ≤ 100 MHz.



Table2.4: Non-contiguous RB allocation for maximum total output power of 23dBm(Power Class 3)
	Modulation
	MPR for bandwidth class B(dB)

	
	inner
	Outer1
	Outer2

	CP-OFDM
	QPSK
	≤ 1.0
	≤ 1.5
	≤ 3.0

	
	16QAM
	≤ 1.0
	≤ 1.5
	≤ 3.0

	
	64QAM
	≤ 1.0
	≤ 1.5
	≤ 3.0

	
	256QAM
	≤ 1.5
	≤ 2.0
	≤ 3.0

	Note : Bandwidth class B is that the aggregated channel bandwidth 20 MHz ≤ BWChannel_SL&UL ≤ 100 MHz.



Proposal 3: Specify MPR in Table 2.1 and 2.2 for NR V2X intra-band con-current operation for maximum total output power of 26dBm.

Proposal 4: Specify MPR in Table 2.3 and 2.4 for NR V2X intra-band con-current operation for maximum total output power of 23dBm.

Conclusion
In this contribution, we provided simulation results of MPR for NR V2X intra-band con-current operation. Based on the simulation results, observations and proposals are as follows.

Observation 1: In most cases, required MPR is higher when min. RB of SL(10PRB) and UL(1PRB) are allocated at either left or right edge of allocated channel bandwidth compared to other cases. 
Observation 2: The higher the modulation order is, the smaller the difference of MPR according to allocated RB positions. For example, in case of maximum total power of 26dBm, the difference of MPR is about 1dB in case of 256QAM, however, it is enlarged to about 4dB in case of QPSK and 16QAM.
Observation 3: For 2PAs with 23dBm per PA, the case that maximum total power is restricted to 23dBm requires less MPR than the case that maximum total power is not restricted but allowed to 26dBm. 


Proposal 1: Define MPR for NR V2X intra-band con-current operation of SL PC5 and Uu taking configured Modulation Order and RB allocations into account.
Proposal 2: Do not consider the ratio of total RB allocations over 1MHz (‘B’) for MPR for NR V2X intra-band con-current operation of SL and Uu Link.
Proposal 3: Specify MPR in Table 2.1 and 2.2 for NR V2X intra-band con-current operation for maximum total output power of 26dBm.
Proposal 4: Specify MPR in Table 2.3 and 2.4 for NR V2X intra-band con-current operation for maximum total output power of 23dBm.

Table2.1: Contiguous RB allocation for maximum total output power of 26dBm(Power Class 2)
	Modulation
	MPR for bandwidth class B(dB)

	
	inner
	outer

	CP-OFDM
	QPSK
	≤ 1.5
	≤ 3.5

	
	16QAM
	≤ 2.0
	≤ 3.5

	
	64QAM
	≤ 3.0
	≤ 3.5

	
	256QAM
	≤ 5.0
	≤ 5.0

	Note : Bandwidth class B is that the aggregated channel bandwidth 20 MHz ≤ BWChannel_SL&UL ≤ 100 MHz.



Table2.2: Non-contiguous RB allocation for maximum total output power of 26dBm(Power Class 2)
	Modulation
	MPR for bandwidth class B(dB)

	
	inner
	Outer1
	Outer2

	CP-OFDM
	QPSK
	≤ 2.0
	≤ 4.0
	≤ 6.0

	
	16QAM
	≤ 2.5
	≤ 4.0
	≤ 6.0

	
	64QAM
	≤ 3.5
	≤ 4.5
	≤ 6.0

	
	256QAM
	≤ 4.5
	≤ 5.0
	≤ 6.0

	Note : Bandwidth class B is that the aggregated channel bandwidth 20 MHz ≤ BWChannel_SL&UL ≤ 100 MHz.



Table2.3: Contiguous RB allocation for maximum total output power of 23dBm(Power Class 3)
	Modulation
	MPR for bandwidth class B(dB)

	
	inner
	outer

	CP-OFDM
	QPSK
	≤ 1.0
	≤ 1.0

	
	16QAM
	≤ 1.0
	≤ 1.0

	
	64QAM
	≤ 1.0
	≤ 1.0

	
	256QAM
	≤ 1.5
	≤ 1.5

	Note : Bandwidth class B is that the aggregated channel bandwidth 20 MHz ≤ BWChannel_SL&UL ≤ 100 MHz.



Table2.4: Non-contiguous RB allocation for maximum total output power of 23dBm(Power Class 3)
	Modulation
	MPR for bandwidth class B(dB)

	
	inner
	Outer1
	Outer2

	CP-OFDM
	QPSK
	≤ 1.0
	≤ 1.5
	≤ 3.0

	
	16QAM
	≤ 1.0
	≤ 1.5
	≤ 3.0

	
	64QAM
	≤ 1.0
	≤ 1.5
	≤ 3.0

	
	256QAM
	≤ 1.5
	≤ 2.0
	≤ 3.0

	Note : Bandwidth class B is that the aggregated channel bandwidth 20 MHz ≤ BWChannel_SL&UL ≤ 100 MHz.



Reference
[1] R4-2103246, “WF on MPR&AMPR simulation assumption for NR V2X intra-band con-current operation”, LG Electronics
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