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1 Background
In [1] a number of problems regarding implementation of dynamic power sharing (DPS) were raised. In this contribution we discuss the scope of the specifications with regard to DPS and propose a method for verifying the scaling of the SCG and the Xscale. 
The scaling for dynamic power sharing is not specified in 38.101-1, only its verification. The UE behaviour is dictated by the 38.213. The scaling is applied to the computed power levels 
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 for the MCG and SCG as specified by the power control equations:
7.6.1
EN-DC

If a UE is configured with a MCG using E-UTRA radio access and with a SCG using NR radio access, the UE is configured a maximum power 
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 for transmissions on the MCG by p-MaxEUTRA and a maximum power 
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 for transmissions in FR1 on the SCG by p-NR. The UE determines a transmission power for the MCG as described in [13, TS 36.213] using 
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 as the maximum transmission power. The UE determines transmission power for the SCG in FR1 as described Subclauses 7.1 through 7.5 using 
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 as the maximum transmission power. The UE determines transmission power for the SCG in FR2 as described Subclauses 7.1 through 7.5.
A UE does not expect to be configured for operation with shortened TTI and/or processing time [13, TS 36.213] on a cell that is included in an EN-DC configuration.
If a UE is configured with 
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 is the linear value of 
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 is the linear value of a configured maximum transmission power for EN-DC operation as defined in [8-3, TS 38.101-3] for FR1, the UE determines a transmission power for the SCG as follows.

-
If the UE is configured with reference TDD configuration for E-UTRA (by tdm-PatternConfig-r15 in [13, TS 36.213])
-
If the UE does not indicate a capability for dynamic power sharing between E-UTRA and NR for EN-DC, the UE does not expect to transmit in a slot on the SCG in FR1 when a corresponding subframe on the MCG is an UL subframe in the reference TDD configuration.
-
If the UE indicates a capability for dynamic power sharing between E-UTRA and NR for EN-DC and
-
if UE transmission(s) in subframe 
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 of the MCG overlap in time with UE transmission(s) in slot 
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 of the SCG in FR1, and

-
if 
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 in any portion of slot 
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 of the SCG, 

the UE reduces transmission power in any portion of slot 
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 of the SCG so that 
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 in any portion of slot 
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 are the linear values of the total UE transmission powers in subframe 
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 of the MCG and in slot 
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 of the SCG in FR1, respectively. The UE is not required to transmit in any portion of slot 
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 of the SCG if 
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 would need to be reduced by more than the value provided by XSCALE in order for 
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 in any portion of slot 
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 of the SCG. The UE is required to transmit in slot 
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 of the SCG if 
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 would not need to be reduced by more than the value provided by XSCALE in order for 
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 in all portions of slot 
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-
If the UE does not indicate a capability for dynamic power sharing between E-UTRA and NR for EN-DC, the UE expects to be configured with reference TDD configuration for E-UTRA (by tdm-PatternConfig-r15 in [13, TS 36.213]). 

The computed power levels 
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 can take any value within the dynamic range, but are only available internally in the UE. Verification of the scaling in 38.101-1 is based on the power levels measured at the antenna port(s) and thus includes tolerances and is carried out at the configured power levels (pmax) safely below maximum power level (pcmax) as part of the configured output power test case. For EN-DC, the specification of the scaling in 38.101-3 is more complex:
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.

< text omitted >
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 physical-channel overlapping with E-UTRA 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 physical-channel overlapping with E-UTRA 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) ] > [image: image35.png]EN-DC
PEN-D




· b= 10 log10 [pCMAX_ E-UTRA,c (p) +pCMAX,f,c,NR (q) /X_scale] > [image: image37.png]EN-DC
PEN-D




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) /X_scale ], PEMAX, EN-DC ,PPowerClass, EN-DC}

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 subclause 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 E-UTRA

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

< text omitted >
When E-UTRA and NR transmissions overlap and the condition (If (a=TRUE) AND (b=FALSE)) is met, SCG shall be transmitted and the following supplementary minimum requirement apply for the measured SCG power, PUMAX,f,c,NR (q), under nominal conditions.


10log(pCMAX L,f,c,,NR c(q)/X_scale)  –  TLOW (10log(pCMAX L,f,c,,NR c(q)/X_scale) )}  ≤  PUMAX,f,c,NR (q) ≤  10log(pCMAX H, f,c,,NR c (q)) + THIGH (10log(pCMAX H, f,c,,NR c (q))).

with the tolerances TLOW and THIGH for applicable values of PCMAX specified in Table 6.2B.4.1.3-2.
Consequently, the “a” and “b” conditions are based on the configured (computed) maximum power levels on the CGs. These are not observable by the test system as such, but can be attained by sending a sequence of “UP” commands on both CGs until the power levels measured at the antenna ports stop increasing. Following this it can be assumed that the computed Pcmax is attained by the UE as specified in 38.213 (see “If UE has reached minimum power for active UL BWP […]”). By configuring the dedicated limits PLTE and PNR to set the respective Pcmax at power levels lower than the power class(es) and repeating the procedure with the “UP” commands, it can be assumed that specific levels
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 are attained internally in the UE and the scaling can be verified below the maximum as determined by the power class.
2 Verification of Xscale
Scaling occurs at the maximum power setting whenever (a=TRUE) AND (b=FALSE)) is met, whence the SCG shall be transmitted and the following supplementary minimum requirement applies 

10log(pCMAX L,f,c,,NR c(q)/X_scale)  –  TLOW (10log(pCMAX L,f,c,,NR c(q)/X_scale) )}  ≤  PUMAX,f,c,NR (q) ≤  10log(pCMAX H, f,c,,NR c (q)) + THIGH (10log(pCMAX H, f,c,,NR c (q))).

In case PLTE is not configured and no MPR is applied for the MCG then  
b= 10 log10 [pCMAX_ E-UTRA,c (p) +pCMAX,f,c,NR (q) /X_scale] > [image: image41.png]EN-DC
PEN-D




is always met (and hence also “a”) for PC3 regardless of the Xscale following the sequence of “UP” commands of the MOP test procedure. This is the expected UE behavior since the SCG must be dropped as the MCG reaches 23 dBm. 
Instead, for verification of the scaling requirements, the PLTE and PNR should be configured at values less than 23 dBm as explained above: setting PLTE = 21 dBm and Xscale = 6 dB without configuring PNR (not needed), then “a” = TRUE and “b” = FALSE and the SCG must be scaled. Setting Xscale = 0 dB the UE is allowed to drop the SCG since “b” becomes TRUE. Other test points can be devised in a similar way.

It should be noted that the “a” and “b” conditions govern the limits on the CG output power at maximum output power setting, which account for possible scaling/dropping of the NR – not the scaling behavior (specified in 38.213).
The scaling can be verified at lower power levels by configuring PEMAX, EN-DC < 23 dBm to reduce the [image: image42.png]EN-DC
PEN-D



 , the right-hand side of the “a” and “b” conditions. Setting PLTE = 15 dBm, PNR = 17 dBm, PEMAX, EN-DC = 17 dBm and Xscale = 6 dB, then “a” = TRUE and “b” = FALSE and the SCG must be scaled following the “UP” commands. For Xscale = 0 dB the UE is allowed to drop the NR using the same power settings similar to the case  in the previous paragraph. 
Even if in live operation “b” is TRUE based on the configured maximum power, the UE should not drop the NR if the LTE power is low as long as the sum of the CG power levels does not exceed the [image: image43.png]EN-DC
PEN-D



 (as per 38.213). This can also be verified in the configured output power test by e.g. configure lower levels  PLTE = 10 dBm, PNR = 16 dBm and Xscale = 6 dB ([image: image44.png]EN-DC
PEN-D



  = 23 dBm), send “UP” commands according to the usual procedure and the NR must still be present. Both “a” and “b are now FALSE but the total power is less than 23 dBm, from 38.101-3:
If a= FALSE and the configured transmission power spectral density between the MCG and SCG differs by less than [6] dB

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 - ΔPPowerClass,EN-DC }

and the standalone MOP requirements apply (with due account of the modification of the respective Pcmax equations specified in 38.101-3), the NR must be present. 
3 Verification of the PSD condition

The tentative PSD criterion is more difficult to verify: one could possibly set PLTE = PNR < 20 dBm and allocate PRBs such that the ratio of PRBs allocation on the two CGs is less than four (other setting do not matter), then the UE should not drop the NR and it is not power limited (scaling not needed). However, it may be difficult to distinguish different behaviours [Bill]
Testing can be simplified by removing the PSD criterion for it appears that this criterion is unnecessary given the current UE back-off specification, at least not for UEs operating with dual PA architectures. 
4 Conclusions
Dynamic power sharing and the associated NR scaling can be verified by configuring the PLTE, PNR and PEMAX, EN-DC to ensure that the computed UE output power levels 
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 attain specific levels using the usual output power test procedure. It is remarked that the standalone requirements apply in addition to the EN-DC requirements (except for NR when the UE is allowed to drop the SCG).
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