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1. Introduction
In RAN4#88bis meeting, RAN4 had extensive discussion on Pcmax for inter-band EN-DC and a way forward [1] was approved.
	Progress made in meeting 88Bis for inter-band EN-DC - Pcmax
· The progress made in meeting #88bis has been captured in the draft CR in R4-183844 from Qualcomm built on R4-1811484 (as mandated by RAN plenary in RP-182034).

· The main achievements for inter-band EN-DC Pcmax that have to be preserved in further discussions are:

1. The total configured transmission power for both synchronous and non-synchronous operation is

· P_EN-DC_Total = MIN { PEMAX, EN-DC ,PPowerClass, EN-DC}

· P_EN-DC_Total is the dB value of  [image: image2.png]PEN-DC
P, Total



, which is used in [38.213] and PEMAX, EN-DC is  p-maxUE-FR1-r15 value signaled by RRC and defined in [36.331];

2. The use in the “IF Conditions” for Pcmax_EN_DC_L determination of the real Pcmax_LTE and Pcmax_NR

3. The X_scale value is the scaling against the real Pcmax_NR in the IF conditions.
Way Forward
· Use the draft CR in R4-1813844 from Qualcomm as a baseline for further proposals, preserving the achieved agreements in meeting #88bis.

·  The companies are encouraged to bring test cases design for inter-band EN-DC that will show:

· How the current baseline can be tested(including GCF style of test – the flow and how parameters are used and results validated).

· Any problem with the current baseline CR in R4-1813844 

· For any CR improvement should be justified and it would be required to show the delta with the current baseline by numerical examples and also how this can be tested.


In this contribution, we would like to have some further discussion on the remaining issues based on the draft CR in R4-1813844, and give our proposals on definition of EN-DC configured maximum transmission power and test method for scaling or dropping NR output power defined in Pcmax for inter-band EN-DC.
2. Discussion 
2.1. Definition of EN-DC configured maximum transmission power
In the draft CR, it is defined that P_EN-DC_Total = MIN {PEMAX, EN-DC, PPowerClass, EN-DC}. However, in some case, we think P_EN-DC_Total may not equal to MIN {PEMAX, EN-DC, PPowerClass, EN-DC}, since P_EN-DC_Total is dB value of 
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 , which is defined as linear value of a configured maximum transmission power for EN-DC operation as defined in [8-3, TS 38.101-3] for frequency range 1. If PEMAX, EN-DC = PPowerClass, EN-DC = 23dBm, and MPR value for E-UTRA and NR transmission are both 4dB from 23dBm. In such case, the value of configured maximum transmission power for EN-DC operation 
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 will be 22.01dBm, other than 23dBm. So, the equation P_EN-DC_Total = MIN {PEMAX, EN-DC, PPowerClass, EN-DC} is not correct, and it is proposed to delete this equation from the draft CR in R4-1813844.
Proposal 1: The equation of P_EN-DC_Total = MIN {PEMAX, EN-DC, PPowerClass, EN-DC} shall be deleted from the draft CR in R4-1813844.

If the EN-DC UE does not support dynamic power sharing, then the configured transmitted power for E-UTRA and NR respectively from their own specifications 36.101 and 38.101-1 respectively apply with the modifications specified in the draft CR and P_EN-DC_Total applies. Based on our understanding, P_EN-DC_Total should be rang between PCMAX_L_ E-UTRA,c (p) and MIN{PEMAX_EN-DC, PPowerClass_EN-DC), other than equaling to MIN{PEMAX_EN-DC, PPowerClass_EN-DC). If UE drops NR transmission power, P_EN-DC_Total should be PCMAX_L_ E-UTRA,c (p), which can be small than MIN{PEMAX_EN-DC, PPowerClass_EN-DC). 
Proposal 2: If the EN-DC UE does not support dynamic power sharing, P_EN-DC_Total shall be within the following bounds:

PCMAX_L_ E-UTRA,c (p)  ≤  P_EN-DC_Total  ≤  MIN{PEMAX_EN-DC, PPowerClass_EN-DC}
In the IF condition (if (a=TRUE) AND (b=FALSE)), the network configured maximum scaling value X is used in the draft CR to calculate NR transmission power, however, we think the scaling value Y shall be calculated to make sure the available maximum power can be configured for NR transmission power. So, we propose that the scaling value Y can be calculated the formula defined as follows:
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Proposal 3: In the IF condition, the scaling value Y can be calculated the formula defined as follows:

[image: image6.wmf])

(

10

)

(

_

Y

,

_

_

10

/

}

,

{

,

,

,

,

_

,

,

p

p

q

p

scale

c

UTRA

E

L

CMAX

P

P

MIN

c

NR

c

f

L

CMAX

DC

EN

PowerClass

DC

EN

EMAX

-

-

=

-

-


The corresponding revised CR is presented in Annex as well as in [3].
2.2. Consideration on test of P_EN-DC_Total
In the agreed WF, how the configured maximum transmission power for EN-DC can be tested is FFS, in this sub-section, we would like to give some consideration on this issue. If the configured maximum transmission power with non-zero MPR value, UE can decide to use the needed power reduction other than always the maximum power reduction when configuring the transmitted power, thus, the test system cannot know precisely the real transmitted power of E-UTRA or NR. Although the real output power of E-UTRA or NR can be measured, however, due to the test inaccuracy, we can’t determine the UE shall down-scaling or drop NR transmit power correctly.

Based on above consideration, it is proposed to use the configured maximum transmission power with MPR = 0dB for E-UTRA and NR in the test, the detail test procedures are defined as follows:
1. Use MOP test configuration, the E-UTRA and NR output power will be reached to PPowerclass independently. Set PEMAX, EN-DC = PLTE = PNR = PPowerclass
2. Set the maximum scaling value, X_scale = 0dB and the UL transmission of E-UTRA and NR is set to transmit simultaneous. ‘Up’ power control commands for E-UTRA and NR are sent to UE to test whether UE will drop NR transmitted power or not. 
3. Set X_scale = 6dB, PLTE = PPowerclass – 3dB, and the UL transmission of E-UTRA and NR is set to transmit simultaneous. ‘Up’ power control commands for E-UTRA and NR are sent to UE, then the E-UTRA and NR transmit power will be PPowerclass – 3dB.

4. Set X_scale = 6dB, PLTE = PPowerclass – 1.26dB (this is only example, not a real value), and the UL transmission of E-UTRA and NR is set to transmit simultaneous. ‘Up’ power control commands for E-UTRA and NR are sent to UE. Then, LTE transmitted power will be PPowerclass – 1.26dB and NR transmitted power will be PPowerclass – 5.989dB other than dropping the transmitted power.

5. Set X_scale = 6dB, PLTE = PPowerclass – 1dB, and the UL transmission of E-UTRA and NR is set to transmit simultaneous. ‘Up’ power control commands for E-UTRA and NR are sent to UE, then LTE transmitted power will be PPowerclass – 1dB, and the NR transmitted power will be dropped.
Proposal 4: UE behaviour of scaling or dropping NR transmitted power can be tested based on the configured maximum transmission power with MPR = 0dB for E-UTRA and NR.
3. Conclusion
In this contribution, we further discuss the remaining issues based on the draft CR in R4-1813844, and give our proposals on definition of EN-DC configured maximum transmission power and test method for scaling or dropping NR output power defined in Pcmax for inter-band EN-DC:
Proposal 1: The equation of P_EN-DC_Total = MIN {PEMAX, EN-DC, PPowerClass, EN-DC} shall be deleted from the draft CR in R4-1813844.
Proposal 2: If the EN-DC UE does not support dynamic power sharing, P_EN-DC_Total shall be within the following bounds:

PCMAX_L_ E-UTRA,c (p)  ≤  P_EN-DC_Total  ≤  MIN{PEMAX_EN-DC, PPowerClass_EN-DC}
Proposal 3: In the IF condition, the scaling value Y can be calculated the formula defined as follows:
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Proposal 4: UE behaviour of scaling or dropping NR transmitted power can be tested based on the configured maximum transmission power with MPR = 0dB for E-UTRA and NR.
4. Annex, R4-1813844
6.2B.4.1.3
Inter-band EN-DC within FR1

For inter-band dual connectivity with one uplink serving cell per CG on E-UTRA and NR respectively, the UE is allowed to set its configured maximum output power PCMAX,c(i),i for serving cell c(i) of CG i, i = 1,2, and its total configured maximum output power PCMAX.  
The configured maximum output power PCMAX_ E-UTRA,c (p) in sub-frame p for the configured E-UTRA uplink carrier shall be set within the bounds:

PCMAX_L_ E-UTRA,c (p) ≤  PCMAX_ E-UTRA,c (p) ≤  PCMAX H _ E-UTRA,c (p)

where PCMAX_L_ E-UTRA,c and PCMAX H _ E-UTRA,c are the limits for a serving cell c as specified in 36.101 sub-clause 6.2.5 modified by PLTE as follows:

PCMAX_L_ E-UTRA,c = MIN { PEMAX, EN-DC , MIN(PEMAX,c , PLTE) – tC_ E-UTRA, c,  (PPowerClass – ΔPPowerClass) – MAX(MPRc + A-      MPRc + ΔTIB,c  + TC_ E-UTRA, c + TProSe, P-MPRc)}


PCMAX H _ E-UTRA,c = MIN {PEMAX,c,  PEMAX, EN-DC , PLTE, PPowerClass – ΔPPowerClass}

The configured maximum output power PCMAX_ NR,c (q) in slot q for the configured NR carrier shall be set within the bounds:

PCMAX_L,f,c,,NR (q) ≤  PCMAX,f,c,NR (q) ≤  PCMAX_H,f,c,NR (q)

where PCMAX_L_ NR,c and PCMAX H _ NR,c are the limits for a serving cell c as specified in sub-clause 6.2.4 of 38.101-1 modified by PNR as follows:

PCMAX_L,f,c,,NR = MIN { PEMAX, EN-DC , MIN(PEMAX,c , PNR ) - TC_NR, c,  (PPowerClass – ΔPPowerClass) – MAX(MPRc + A-MPRc+ ΔTIB,c + TC_NR, c + ∆TRxSRS,  P-MPRc) }

PCMAX_H,f,c,NR = MIN {PEMAX,c, PEMAX, EN-DC , PNR , PPowerClass – ΔPPowerClass }

· PLTE and PNR are the linear values for the PLTE and PNR respectively signaled by RRC defined in [7]

· ΔTc_E-UTRA, c = 1.5dB when NOTE 2 in Table 6.2.2-1 in 36.101 applies for a serving cell c, otherwise ΔTC_ E-UTRA,c = 0dB;

· ΔTC_NR,c = 1.5dB when NOTE 3 in Table 6.2.1-1 in 38.101-1 applies for a serving cell c, otherwise ΔTC_NR,c = 0dB;

· ΔTIB,c specified in sub-clause 6.2.7 for EN-DC, the individual Power Class defined in table 6.2B.1-3 and any other additional power reductions parameters specified in sub-clauses 6.2.3 and 6.2.4 for EN-DC are applicable to PCMAX_ E-UTRA,c and PCMAX_ NR,c evaluations.
· PEMAX, EN-DC is p-maxUE-FR1-r15 value signaled by RRC and defined in [36.331].
If the transmissions from NR and E-UTRA do not overlap, then the complete sub-clauses for configured transmitted power for E-UTRA and NR respectively from their own specifications apply with the modifications specified above. The lower value between PPowerClass, EN-DC or PEMAX, EN-DC shall not be exceeded at any time by UE.
If the transmissions from NR and E-UTRA overlap, the total configured transmission power for both synchronous and non-synchronous operation is 
P_EN-DC_Total. 
P_EN-DC_Total is the dB value of 
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If the EN-DC UE does not support dynamic power sharing, then the complete sub-clauses for configured transmitted power for E-UTRA and NR respectively from their own specifications 36.101 and 38.101-1 respectively apply with the modifications specified above and P_EN-DC_Total shall be within the following bounds:

PCMAX_L_ E-UTRA,c (p)  ≤  P_EN-DC_Total  ≤  MIN{PEMAX_EN-DC , PPowerClass_EN-DC}
When a UE supporting dynamic sharing is configured for overlapping E-UTRA uplink and NR uplink transmissions, the UE can set its configured maximum output power PCMAX_ E-UTRA,c and PCMAX_ NR,c for the configured E-UTRA and NR uplink carriers, respectively, as specified above and the limits for the total measured power are defined below.






When an UL subframe transmission p from E-UTRA overlap with a slot q from the NR, then for PUMAX evaluation, the E-UTRA subframe p is taken as reference period TREF and always considered as the reference measurement duration and the following rules are applicable.
TREF and Teval are specified in Table 6.2B.4.1.3-1 when same or different subframes and slots durations are used in aggregated carriers. The lower value between PPowerClass ,EN-DC or PEMAX, EN-DC shall not be exceeded by the UE during any evaluation period of time. 
Table 6.2B.4.1.3-1: PCMAX evaluation window 

	transmission duration
	TREF
	Teval

	Different transmission duration in different RAT carriers
	LTE Subframe 
	Min(Tno_hopping, Physical Channel Length)


For each TREF, the PCMAX_H is evaluated per Teval and given by the maximum value over the transmission(s) within the Teval as follows:

PCMAX_H  = MAX { PCMAX_ EN-DC _H (p,q) , PCMAX_ EN-DC _H (p,q+1), … , PCMAX_ EN-DC _H (p,q+n) }

where PCMAX_ EN-DC _H are the applicable upper limits for each overlapping scheduling unit pairs (p,q) , (p, q+1) , up to (p, q+n) for each applicable Teval duration, where q+n is the last NR UL slot overlapping with LTE subframe p.

While PCMAX_L is computed as follows:

           PCMAX_L = MIN { PCMAX_ EN-DC _L (p,q) , PCMAX_ EN-DC _L (p,q+1), … , PCMAX_ EN-DC _L (p,q+n)}
where PCMAX_EN-DC_L are the applicable lower limits for each overlapping scheduling unit pairs (p,q) , (p, q+1) , up to (p, q+n) for each applicable Teval duration, where q+n is the last NR UL slot overlapping with LTE subframe p,
With

PCMAX_ EN-DC _H(p,q) = MIN {10 log10 [pCMAX H _ E-UTRA,c (p) + pCMAX H,f,c,NR c(q)], PEMAX, EN-DC ,PPowerClass, EN-DC}

And:

a= 10 log10 [pCMAX_ E-UTRA,c (p) +pCMAX,f,c,NR (q) ] > P_EN-DC_Total

b= 10 log10 [pCMAX_ E-UTRA,c (p) +pCMAX,f,c,NR (q) /X_scale] > P_EN-DC_Total 
If a= FALSE

PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) + pCMAX L,f,c,,NR c(q)], PEMAX, EN-DC ,PPowerClass, EN-DC}

ELSE If (a=TRUE) AND (b=FALSE)

PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) + pCMAX L,f,c,,NR c(q) / Y_scale ] }
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ELSE If b= TRUE

PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) ], PEMAX, EN-DC ,PPowerClass, EN-DC}
where 

· pCMAX H _ E-UTRA,c (p) is the E-UTRA higher limit of the maximum configured power expressed in linear scale; 

· pCMAX H _ NR,c (q) is the NR higher limit of the maximum configured power expressed in linear scale; 

· pCMAX L _ E-UTRA,c (p) is the E-UTRA lower limit of the maximum configured power expressed in linear scale; 
· pCMAX L _ NR,c(q) is the NR lower limit of the maximum configured power expressed in linear scale;

· PPowerClass, EN-DC is defined in sub-clause 6.2B.1.3-1 for inter-band EN-DC;

· X_scale is the linear value of X dB which is configured by RRC and can only take values [0 , 6]

· pCMAX_ E-UTRA,c (p) is the linear value of PCMAX_ E-UTRA,c (p), the real configured max power for LTE

· pCMAX,f,c,NR (q) is the linear value of PCMAX,f,c,NR (q), the real configured max power of NR

The measured total maximum output power PUMAX over both CGs/RATs, measured over the transmission reference time duration is

PUMAX = 10 log10 [pUMAX,c,E-UTRA + pUMAX,c,NR],
where pUMAX,c,E-UTRA and pUMAX,c,NR denotes the measured output power of serving cell c for E-UTRA and NR respectively, expressed in linear scale. 

The measured total configured maximum output power PUMAX shall be within the following bounds:

PCMAX_L -TLOW (PCMAX_L)  ≤  PUMAX  ≤  PCMAX_H + THIGH (PCMAX_H)


with the tolerances TLOW(PCMAX_H) and THIGH(PCMAX_H) for applicable values of PCMAX specified in Table 6.2B.4.1.3-2.
Table 6.2B.4.1.3-2: PCMAX tolerance for Dual Connectivity LTE-NR

	PCMAX(dBm)
	Tolerance 

TLOW (PCMAX_L) (dB)
	Tolerance 

THIGH (PCMAX_H) (dB)

	23 ≤ PCMAX ≤ 33
	[3.0]
	[2.0]

	22 ≤ PCMAX < 23
	[5.0]
	[2.0]

	21 ≤ PCMAX< 22
	[5.0]
	[3.0]

	20 ≤ PCMAX < 21
	[6.0]
	[4.0]

	16 ≤ PCMAX < 20
	[5.0]

	11 ≤ PCMAX < 16
	[6.0]

	-40 ≤ PCMAX < 11
	[7.0]
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