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1 IntroductionAt RAN5-86-e there was a debate about requirements for some UE Power class 2 implementations in the EN-DC MOP test case [1, 2], and no agreement could be reached on how to interpret the core requirements. The problem arises for a UE implementing power class 2 with two power class 3 chains and signalling support of power class 2. 
This paper highlights the core requirements and network impact to facilitate further discussion and lists some potential solutions to the problem.
2 Core requirements
In this section the applicable core requirements for intrra-band contiguous EN-DC is listed for reference.
2.1 Rel-15
38.101-1 V15.9.0:

6.2D.1
UE maximum output power for UL MIMO

For power class 2 UE with two transmit antenna connectors in closed-loop spatial multiplexing scheme, the maximum output power for any transmission bandwidth within the channel bandwidth is specified in Table 6.2D.1-1. The requirements shall be met with the UL MIMO configurations specified in Table 6.2D.1-2. For UE supporting UL MIMO, the maximum output power is measured as the sum of the maximum output power at each UE antenna connector. The period of measurement shall be at least one sub frame (1 ms).
The requirements shall be met with the UL MIMO configurations of using 2-layer UL MIMO transmission with codebook of[image: image1.wmf]ú
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. DCI Format for UE configured in PUSCH transmission mode for uplink single-user MIMO shall be used.

Table 6.2D.1-1: UE Power Class for UL MIMO in closed loop spatial multiplexing scheme

	NR band
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	n41
	
	
	26
	+2/-31
	23
	+2/-31
	
	

	n77
	
	
	26
	+2/-3
	23
	+2/-3
	
	

	n78
	
	
	26
	+2/-3
	23
	+2/-3
	
	

	n79
	
	
	26
	+2/-3
	23
	+2/-3
	
	

	NOTE 1:
The transmission bandwidths 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

NOTE 2:
Power class 3 is the default power class unless otherwise stated


Table 6.2D.1-2: UL MIMO configuration in closed-loop spatial multiplexing scheme

	Transmission scheme
	DCI format
	Codebook Index

	 Codebook based uplink
	DCI format 0_1
	Codebook index 0


If UE is configured for transmission on single-antenna port, the requirements in clause 6.2.1 apply.
38.101-3 V15.9.0:
6.1
General

Unless otherwise stated the transmitter characteristics are specified at the antenna connector(s) of the UE for the bands operating on frequency range 1 and over the air of the UE for the bands operating on frequency range 2. The requirements for frequency range 1 and frequency range 2 can be verified separately. For the carrier in frequency range 1, requirements can be verified with NR FR2 link disabled. For the carrier in frequency range 2, requirements can be verified in OTA mode with E-UTRA connecting to the network by OTA without calibration.
Unless otherwise stated, requirements for NR transmitter written in TS 38.101-1 [2] and TS 38.101-2 [3] apply and are assumed anchor agnostic. Unless otherwise stated, if UE indicates IE maxNumberSRS-Ports-PerResource = n2 in NR standalone operation mode,  the said UE shall meet the NR requirements for either power class 2 or power class 3 in EN-DC within FR1 if UE indicates IE maxNumberSRS-Ports-PerResource = n1 for EN-DC on this NR band. Requirements are verified under conditions where anchor resources do not interfere NR operation.
.

.

.

6.2B.1.1
Intra-band contiguous EN-DC

The following UE Power Classes define the total maximum output power for any transmission bandwidth(s) of the CG(s) configured.

The maximum output power is measured as the total maximum output power across the UE antenna connector(s). The period of measurement shall be at least one sub frame.

Table 6.2B.1.1-1: Maximum output power for EN-DC (continuous sub-blocks)

	EN-DC configuration
	Power class 2

(dBm)
	Tolerance

(dB)
	Power class 3

(dBm)
	Tolerance

(dB)

	DC_(n)71AA
	
	
	23
	+2/-3

	DC_(n)41AA
	26
	+2/-31
	23
	+2/-31

	NOTE 1:
If all transmitted resource blocks over all component carriers are confined within FUL_low and FUL_low + 4 MHz or/and FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB

NOTE 2:
Power Class 3 is the default power class unless otherwise stated.


If UE supports a different power class than the default UE power class for EN-DC band combination, and the supported power class enables higher maximum output power than that of the default power class:

-
if the E-UTRA UL/DL configuration is 0 or 6; or

-
if the E-UTRA UL/DL configuration is 1 and special subframe configuration is 0 or 5; or

-
if the IE p-maxUE-FR1-r15 as defined in TS 36.331 [8] is provided and set to the maximum output power of the default power class or lower;

-
apply all requirements for the default power class, and set the configured transmitted power as specified in clause 6.2B.4;

-
else

-
apply all requirements for the supported power class, and set the configured transmitted power class as specified in clause 6.2B.4;
.
.

.

6.2B.4.1.1
Intra-band contiguous EN-DC

The following requirements apply for one component carrier per CG configured for synchronous DC.
For intra-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 transmission power for EN-DC operation [image: image3.png]
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 as specified in clause 7.6 of TS 38.213 [10].
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 TS 36.101 [4] clause 6.2.5 modified by PLTE as follows:

PCMAX_L_ E-UTRA,c = MIN {MIN(PEMAX,c , PEMAX, EN-DC, PLTE) – tC_ E-UTRA, c,  (PPowerClass, EN-DC – ΔPPowerClass,EN-DC ), (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, EN-DC, PPowerClass – ΔPPowerClass}

where

-
PEMAX,EN-DC is the value given by the field p-maxUE-FR1 of the RRCConnectionReconfiguration-v1530 IE as defined in TS 36.331 [8];

-
PLTE is the value given by the field p-maxEUTRA-r15 of the RRCConnectionReconfiguration-v1510 IE as defined in TS 36.331 [8] which is the same as PLTE in TS 38.213 [10];

-
∆tC_EUTRA, c = 1.5 dB when NOTE 2 in Table 6.2.2-1 of TS 36.101 [4] applies; ∆tC_EUTRA, c = 0 dB otherwise;

and whenever NS_01 is not indicated within CG 1:
-
for a UE indicating support of dynamicPowerSharing, the MPRc and the A-MPRc are determined in accordance with the DCI of serving cell c of the CG 1 and the specification in clause 6.2.4 of TS 36.101 [4];

-
for a UE not indicating support of dynamicPowerSharing, the A-MPRc is determined in accordance with clause 6.2B.3.1 with parameters applicable for UEs not indicating support of dynamicPowerSharing and MPRc = 0 dB;

and whenever NS_01 is indicated in CG 1:
-
for a UE indicating support of dynamicPowerSharing, the MPRc is determined in accordance with the DCI of serving cell c of the CG 1 and the specification in clause 6.2.4 of TS 36.101 [4];

-
for a UE not indicating support of dynamicPowerSharing, the MPRc is determined in accordance with clause 6.2B.2.1 with parameters applicable for UEs not indicating support of dynamicPowerSharing and A-MPRc = 0 dB;

The configured maximum output power PCMAX,f,c,NR (q) in physical channel 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,f,c,NR and PCMAX_H,f,c,NR are the limits for a serving cell c as specified in clause 6.2.4 of TS 38.101-1 [2] modified  as follows:

PCMAX_L,f,c,,NR = MIN {MIN(PEMAX,c , PEMAX, EN-DC, PNR) - TC_NR, c, (PPowerClass, EN-DC – ΔPPowerClass,EN-DC ),  (PPowerClass – ΔPPowerClass) – MAX(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, EN-DC, PPowerClass – ΔPPowerClass }

where

-
PEMAX,EN-DC is the value given by the field p-maxUE-FR1 of the RRCConnectionReconfiguration-v1530 IE as defined in TS 36.331 [8];

-
PLTE signalled by RRC as p-MaxEUTRA-r15 in TS 36.331 [8]

-
PNR is the value given by the field  p-NR-FR1 of the PhysicalCellGroupConfig IE as defined in  [9] and signalled by RRC;

-
ΔTc_E-UTRA, c = 1.5dB when NOTE 2 in Table 6.2.2-1 in TS 36.101 [4] applies for a serving cell c, otherwise TC_ E-UTRA,c = 0dB;

-
TC_NR,c = 1.5dB when NOTE 3 in Table 6.2.1-1 in TS 38.101-1 [2] applies for a serving cell c, otherwise TC_NR,c = 0dB;
-
ΔTIB,c specified in clause 6.2B.4.2.1 for EN-DC, the individual Power Class defined in table 6.2B.1.1 and any other additional power reductions parameters specified in clauses 6.2B.2 and 6.2B.3 for EN-DC are applicable to PCMAX_ E-UTRA,c and PCMAX,f,c,NR evaluations.

-
ΔPPowerClass,EN-DC is 3 dB for a power class 2 capable EN-DC UE when  LTE UL/DL configuration is 0 or 6; or LTE UL/DL configuration is 1 and special subframe configuration is 0 or 5; ΔPPowerClass,EN-DC = 3 dB when the IE p-maxUE-FR1 as defined in TS 36.331 [8] is provided and set to the maximum output power of the default power class or lower; otherwise ΔPPowerClass,EN-DC = 0 dB;
and whenever NS_01 is not indicated within CG 2:

-
for a UE indicating support of dynamicPowerSharing, A-MPRc = A-MPR'c with A-MPR'c determined in accordance with clause 6.2B.3.1 and MPRc = 0 dB if transmission(s) in subframe p on CG 1 overlap in time with physical channel q on CG 2;

-
for a UE indicating support of dynamicPowerSharing, A-MPRc is determined in accordance with TS 38.101-1 [2] if transmission(s) in subframe p on CG 1 does not overlap in time with physical channel q on CG 2;

-
for a UE not indicating support of dynamicPowerSharing, the A-MPRc is determined in accordance with clause 6.2B.3.1 with parameters applicable for UEs not indicating support of dynamicPowerSharing and MPRc = 0 dB;

and whenever NS_01 is indicated in CG 2.

-
for a UE indicating support of dynamicPowerSharing, MPRc = MPR'c with MPR'c determined in accordance with clause 6.2B.2.1 and A-MPRc = 0 dB if transmission(s) in subframe p on CG 1 overlap in time with physical channel q on CG 2;

-
for a UE indicating support of dynamicPowerSharing, MPRc is determined in accordance with TS 38.101-1 [2] if transmission(s) in subframe p on CG 1 does not overlap in time with physical channel q on CG 2;

-
for a UE not indicating support of dynamicPowerSharing, the MPRc is determined in accordance with clause 6.2B.2.1 with parameters applicable for UEs not indicating support of dynamicPowerSharing and A‑MPRc = 0 dB;

If the transmissions from NR and E-UTRA do not overlap, then the complete 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 EN-DC UE is not supporting dynamic power sharing, then the complete clauses for configured transmitted power for E-UTRA and NR respectively from their own specifications TS 36.101 [4] and TS 38.101-1 [2] respectively apply with the modifications specified above.

If the UE does not support dynamic power sharing,
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 = MIN { PEMAX, EN-DC , PPowerClass, EN-DC - ΔPPowerClass,EN-DC } + 0.3 dB

For UEs indicating support of dynamicPowerSharing in the UE-MRDC-Capability IE the UE can configure the total maximum transmission power [image: image11.png]


 within the range


PEN-DC,tot_L ≤ [image: image13.png]


 ≤  PEN-DC,tot_H
where


PEN-DC,tot_L (p,q) = MIN{ PPowerClass,EN-DC - ΔPPowerClass,EN-DC – MAX{MPRtot, A-MPRtot}, PEMAX,EN-DC}


PEN-DC,tot_H (p,q) = MIN{PPowerClass,EN-DC, PEMAX,EN-DC }

for sub-frame p on CG 1 overlapping with physical channel q on CG 2 and with MPRtot and A-MPRtot in accordance with 6.2B.2.1 and clause 6.2B.3.1, respectively.
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,f,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.

For UEs indicating support of dynamicPowerSharing, 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_L) and THIGH(PCMAX_H) for applicable values of PCMAX_L and PCMAX_L specified in Table 6.2B.4.1.1-2.

When an UL subframe transmission p from E-UTRA overlap with a physical channel 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.4.1.1-1 when same or different subframes and physical channel durations are used in aggregated carriers. PPowerClass ,EN-DC shall not be exceeded by the UE during any evaluation period of time.

Table 6.2B.4.1.1-1: PCMAX evaluation window

	transmission duration
	TREF
	Teval

	Different transmission duration in different RAT carriers
	E-UTRA 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 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 (q)], PEMAX, EN-DC ,PPowerClass, EN-DC}

And:

a= 10 log10 [pCMAX_ E-UTRA,c (p) +pCMAX,f,c,NR (q) ] > PEN-DC,tot_L
b= 10 log10 [pCMAX_ E-UTRA,c (p) +pCMAX,f,c,NR (q) /X_scale] > PEN-DC,tot_L
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 (q)], PEMAX, EN-DC ,PPowerClass, EN-DC - ΔPPowerClass,EN-DC }

ELSE If (a=TRUE) AND (b=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 (q) /X_scale ], PEMAX, EN-DC ,PPowerClass, EN-DC - ΔPPowerClass,EN-DC }

ELSE If b= TRUE or the transmission power after power scaling spectral density between the MCG and SCG differs by more than [6] dB

PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) ], PEMAX, EN-DC ,PPowerClass, EN-DC- ΔPPowerClass,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,f,c,NR (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,f,c,NR (q)is the NR lower limit of the maximum configured power expressed in linear scale;

-
PPowerClass, EN-DC is defined in clause 6.2B.1.1-1 for intra-band EN-DC;
-
X_scale is the linear value of X dB which is configured by RRC and can only take values [0 , 6] dB

-
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
Table 6.2B.4.1.1-2: PCMAX tolerance for Dual Connectivity E-UTRA-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]


If the UE supports dynamic power sharing, and 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 and unless otherwise stated


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

with the tolerances TLOW and THIGH for applicable values of PCMAX specified in Table 6.2B.4.1.1-2.

If the UE supports dynamic power sharing, the measured maximum output power in subframe p on CG 1, pUMAX,c,E-UTRA,  shall meet the requirements in clause 6.2.5 in TS 36.101 [4] with the limits PCMAX_L,c and PCMAX_H,c replaced by PCMAX_L_ E-UTRA,c and PCMAX_H_ E- UTRA,c as specified above, respectively.
If the configured transmission power spectral density between the MCG and SCG differs by more than [6] dB, then


PUMAX,f,c,NR (q) ≤ 10log(pCMAX H, f,c,,NR (q)) + THIGH (10log(pCMAX H, f,c,NR (q))).
2.2 Rel-16
38.101-2 V16.3.0:

6.1
General

Unless otherwise stated the transmitter characteristics are specified at the antenna connector(s) of the UE for the bands operating on frequency range 1 and over the air of the UE for the bands operating on frequency range 2. The requirements for frequency range 1 and frequency range 2 can be verified separately. For the carrier in frequency range 1, requirements can be verified with NR FR2 link disabled. For the carrier in frequency range 2, requirements can be verified in OTA mode with E-UTRA connecting to the network by OTA without calibration.
Unless otherwise stated, requirements for NR transmitter written in TS 38.101-1 [2] and TS 38.101-2 [3] apply and are assumed anchor agnostic. Requirements are verified under conditions where anchor resources do not interfere NR operation.

For sub-clauses with suffix A or B: the minimum requirements for band combinations including Band n41 also apply for the corresponding band combinations with Band n90 replacing Band n41 but with otherwise identical parameters. For brevity the said band combinations with Band n90 are not listed in the tables below but are covered by this specification.
3 Discussion
The problem arises for a UE implementing power class 2 with two power class 3 chains in EN-DC configuration. Some observations are made below considering all the core requirements. Color highlighting is used for the reader to track where in core requirements the statement comes from.
One critical part of the core requirements is the formula for (the lower limit of) UE configured max power in the NR CC:
PCMAX_L,f,c,,NR = MIN {MIN(PEMAX,c , PEMAX, EN-DC, PNR) - TC_NR, c, (PPowerClass, EN-DC – ΔPPowerClass,EN-DC ),  (PPowerClass – ΔPPowerClass) – MAX(MAX(MPRc,A-MPRc)+ ΔTIB,c + TC_NR, c + ∆TRxSRS,  P-MPRc) }

Splitting this formula in parts with the settings in the test case means:

	Part
	Value
	Comment

	MIN(PEMAX,c , PEMAX, EN-DC, PNR) - TC_NR, c
	26 dBm
	PEMAX  undefined in 38.101-3 meaning 38.101-1 definition applies

PEMAX  (p-MaxNR-r15) = 26
PEMAX, EN-DC (p-maxUE-FR1 ) = 26 

PNR (p-NR-FR1 ) = 26

	(PPowerClass, EN-DC – ΔPPowerClass,EN-DC )
	26 dBm
	PPowerClass, EN-DC = 26 dBm (EN-DC power class signalled by UE in the band combo)

ΔPPowerClass,EN-DC = 0 (TDD config 2)

	(PPowerClass – ΔPPowerClass) – MAX(MAX(MPRc,A-MPRc)+ ΔTIB,c + TC_NR, c + ∆TRxSRS
	26 dBm
	PPowerClass and ΔPPowerClass undefined in 38.101-3 meaning 38.101-1 definition applies

PPowerClass = 26 dBm (NR power class signalled by the UE in the band)

ΔPPowerClass = 0

Other factors like MPR assumed to be 0 dB in this case

	P-MPRc
	0
	Undefined in 38.101-3 meaning 38.101-1 definition applies

For UE conducted conformance testing P-MPRc shall be 0 dB 


Observation 1: According to core requirements a UE supporting PC2 in EN-DC (PPowerClass, EN-DC) and PC2 for NR (PPowerClass) will need to fulfil a PCMAX_L,f,c,,NR = 26 dBm (the lower limit of the configured output power for NR carrier) in the tested scenario

Observation 2: With non overlapping transmission the configured power requirements from 38.101-1 apply for NR carrier with the modifications above (PCMAX_L,f,c,,NR = 26 dBm)

Observation 3: The requirements from 38.101-1 state that if the UL-MIMO UE is not configured with UL-MIMO the SA MOP requirements in 6.2.1 applies meaning 26 dBm for PC2 UE
Observation 4: A PC2 UE supporting 2 port SRS in SA mode (UL-MIMO) but only 1 port SRS in NSA mode (no UL-MIMO) is allowed to transmit either as PC2 or PC3 UE.  

Observation 5: Requirements in observation 2 conflicts with requirements in observation 4. 

Observation 6: Requirements in observation 3 conflicts with requirements in observation 4

Observation 7: Even if the UE PC2 implementation with two PC3 transmit chains is allowed as in observation 4, this UE will still fail the standalone MOP test in 38.521-1 since only one connector is used.
Observation 7: The conflicting paragraph in clause 6.2.1 does not exist in Rel-16 specification, meaning it is clear that the PC2 UE always need to transmit as a PC2 UE unless configured power formulas result in a restriction.

3.1 Network impact

Issue 1: The ambiguity in the UE power class will mean that some UEs will be capable of 3 dB less output power than the network operator is expecting causing unexpected low NR coverage.

Issue 2: The 3 dB lower output power in EN-DC MOP test is not reflected in Pcmax as per observation 2. Since the Power Headroom Report (PHR) by the UE is associated with Pcmax according to TS38.321, the PHR will not reflect the real headroom in the UE causing further performance degradation.

3.2 Possible Solutions

1) (RAN4) to remove the ambiguous sentence in clase 6.2.1 in 38.101-3 Rel-15 and instead include properly in Pcmax definition.
How this is solved is entirely up to RAN4, but a few options are envisaged:
a. Specifying that such a UE should report PC3 but allow higher power in UL-MIMO

b. Allow new power class capability under discussion for Rel-16 even by Rel-15 UE by release independence to be able to distinguish UL-MIMO power class from single Tx power class

c. Specifying that such a UE may report PC2 but change Pcmax definition using declaration of dual 23 dBm transmitter.

2) (RAN5) Introduce a declared power class for ENDC MOP “PC2 UE without 26 dBm PA”

3) (RAN5) Configure PHR and check UE reported PCmax to decide if PC2 or PC3 requirement shall apply 

a. A drawback with this solution is that it assumes that the UE will report Pcmax = 23 dBm which is not compliant with 38.101-3 clause 6.2.4

4) (RAN5) A UE implementing power class 2 with two power class 3 chains shall indicate NR power class 3 and EN-DC power class 2

	Solution
	Solve ambiguity in core spec?
	Solve test issue?
	Solve network problem

	1
	Yes
	Yes
	Yes

	2
	No
	Yes
	No

	3
	No
	Yes
	Partially (issue 2)

	4
	No
	Yes
	Yes


4 Conclusions
Proposal 1: Test requirements for Rel-16 PC2 UE shall assume 26 dBm UE capability 

Proposal 2: RAN5 to agree that solution 1 in section 3.2 shall be pursued since this is the only one solving all the problems. Since it is under RAN4 control, send an LS.

Proposal 3: As the UE PC2 implementation with two PC3 transmit chains will anyway fail the standalone MOP test in 38.521-1 as it is defined now since only one connector is used, a solution need to take also this into account so that certification can be successful. Therefore, it is proposed to come up with a solution for both SA MOP and NSA MOP test cases combined before agreeing changes to the specification.
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