3GPP TSG-RAN WG5 Meeting #85
                                        R5-198666
Reno, USA, 18 – 22 November, 2019
Agenda Item:
5.3.5.17
Source: 
Ericsson
Title: 
Discussion on EN-DC max output power and configured power testing
Document for:
Discussion and Endorsement
1 Introduction
Test of Maximum Output Power (MOP) requirements for EN-DC is complicated by the fact that the UE transmits on both LTE and NR. There are also multiple UE implementation options which in some cases result in different RAN4 requirements. Also, the quite complex requirements are defined under both MOP (6.2B.1) section and under Configured Power section (6.2B.4)
The purpose of this paper is to highlight the current testing issues and to propose test cases with improved coverage of core requirements making sure that good network performance is ensured which is not negatively affected by non compliant UE implementations.  

The paper only addresses the case of intra-band contiguous EN-DC and UE power class 3.

2 Discussion

2.1 Requirements

There are two different UE types that have separate requirements; Static Power Sharing (SPS) and Dynamic Power Sharing (DPS), which is a UE capability signalled to the network.
In Annex A to C the relevant minimum requirements from RAN1 and RAN4 are copied for reference with line numbering. From these lengthy requirements some observations are made.
Observation 1: Requirements in 38.101-3 are in addition to the SA requirements in 38.101-1 for FR1, meaning that test cases can measure the per CC MOP if so justified. (c.f. line Annex B lines 147, 221)
Requirements SPS:
Observation 2: A SPS UE is not expected to transmit in a slot with overlapping LTE and NR transmission if PLTE+PNR>PEN-DC total. (Annex C lines 551, 556-558) 

Observation 3: EN-DC requirements donot apply for SPS UE, meaning only SA requirements can be verified. (Annex A lines 165-169). 
Observation 4: The SPS UE need to be configured with the IE tdm-PatternConfig-r15 for all Tx tests
Observation 5: For SPS UE it is important that the IE p-MaxUE-FR1-r15 is not present for all tests at max power.
Requirements DPS:
Unlike for SPS, the DPS UE can continue to transmit on NR if PLTE+PNR>PEN-DC total. If the UE becomes power limited it is allowed to scale down the NR CC to protect the LTE CC, or even drop the NR CC in some cases. The scaling is decided by an RRC signalled parameter XScale that can take values 0 or 6 dB. If set to 6 dB the UE shall scale down the NR CC by up to 6 dB before dropping the CC completely. This is an important aspect to include in the test since it is essential to maximize the UE output power. 
2.2 Current RAN5 test definition
The MOP test in 38.521-1 is ramping up power on both LTE and NR CC and measure the sum power of both CCs. Power settings according to table below is defined in the test case.
	IE
	36.508 /38.508
	MOP test

	p-MaxEUTRA-r15 
	Not present (DPS)

20 dBm (SPS)
	23 (PC3 not overlapping Tx)

20 (PC3 overlapping Tx)

	p-NR-FR1
	P-max (see below)
	23 (PC3)

	p-MaxUE-FR1-r15
	-
	-

	tdm-PatternConfig-r15
	Not present
	present


Table 4.6.3-89: P-Max

	Derivation Path: TS 38.331 [6], clause 6.3.2

	Information Element
	Value/remark
	Comment
	Condition

	P-Max
	23
	
	FR1 AND pc_dynamicPowerSharing

	
	23
	
	FR1_RF_PC2_Testing_PC3

	
	Not present
	
	FR1_RF_PC3

	
	Not present
	
	FR1_RF_PC2

	
	26
	
	FR2 AND pc_dynamicPowerSharing

	
	20
	P-Max value when pc_dynamicPowerSharing is set to FALSE
	NOT pc_dynamicPowerSharing


	Condition
	Explanation

	FR1_RF_PC3
	Power Class 3 UE testing Power Class 3 requirements

	FR1_RF_PC2
	Power Class 2 UE testing Power Class 2 requirements

	FR1_RF_PC2_Testing_PC3
	Power Class 2 UE testing Power Class 3 requirements.


Observation 6: With current MOP test case, both SPS and DPS UE will drop NR CC and hence the measurements (sum of power over all CCs) will just capture the LTE CC which was not the intention with the test.
2.3 Proposed testing for intraband contiguous EN-DC
The calculated UE output power requirements in this section are assuming the lowest possible MPRtot which is 3 dB (MPRENDC = 6 dB) and a UE power class 3 (for NR, LTE and ENDC respectively).
SPS UE MOP: As previously discussed, it is required to configure sufficiently low PLTE and PNR. PUE should not be configured to ensure PEN-DCtotal does not limit the UE power. The settings need to be corrected and put in 36.508 as they are required for all Tx tests. Also test procedure and test requirements need to change to measure power per CC with tolerances as defined in 38.101-1 for NR and 36.101 for LTE. 
Test point:
PLTE=20 dBm, PNR=20 dBm


PEN-DCtotal= 23+0.3 dBm (Annex B line 151)

The SPS UE will transmit on NR if the condition PLTE+PNR>PEN-DC total is false, which is met with the chosen settings.

Min requirements lower limit (PCMAXL - T(PCMAXL)): 

LTE CC 20 dBm -2.5 dB. 

NR CC 17 dBm -[5] dB
Total power N/A. 

DPS UE MOP: Same settings as for SPS UE to ensure maximum possible UE output power meaning same test procedure and requirements seems feasible for DPS UE. But additionally, also the sum power over both CCs can be tested against the ENDC MOP requirements. There is however a problem in that PEN-DC,tot_L in the case of DPS also include MPR. For intraband contiguous ENDC the lowest possible MPRtot is 3 dB (MPRENDC = 6 dB) meaning in order to fulfil the condition PLTE+PNR>PEN-DC total, a lower PLTE and PNR than for SPS is required. Assuming UE power class 3 (for NR, LTE and ENDC respectively), and MPRtot=3 dB the following test points with both LTE and NR transmission active can be defined: 
Test point 1 (“Maximize both LTE and NR power”): 
PLTE=19 dBm, PNR=18 dBm, XScale = 6 dB


PEN-DCtot_L= 23 - 3 = 20 dBm


To determine the UE requirements, the Boolean variables a and b (Annex B lines 191-192) need to be evaluated.

With these settings a=True and b=False meaning the required NR downscaling is less than 6 dB and hence the NR CC need to be transmitted (not dropped). (Annex B line 197)

Min requirements lower limit (PCMAXL-[XScale] - T(PCMAXL)):
LTE CC 19 dBm -3.5 dB. (Annex B line 80) 
NR CC (17 – 6) dBm -[6] dB (Annex B line 106, 218)
Total power 19.8 dBm -[5] dB. (Annex B line 199, 168)
Test point 2 (“Maximize LTE power”): 
PLTE=23 dBm, PNR=23 dBm, XScale = 6 dB

With these settings a=True and b=True meaning the required NR downscaling is more than 6 dB and hence the NR CC will be dropped (Annex B line 197).
Min requirements lower limit (PCMAXL-[XScale] - T(PCMAXL)):
LTE CC 23 dBm +2/-3 dB

NR CC: not measured
Test point 3 (“Maximize NR power”): 

PLTE=13 dBm, PNR=19 dBm, XScale = 0 dB

With these settings a=True and b=False meaning the required NR downscaling is less than 6 dB and hence the NR CC need to be transmitted (not dropped). (Annex B line 197)

Min requirements lower limit (PCMAXL-[XScale] - T(PCMAXL)):
LTE CC 13 dBm - 5 dB. 

NR CC 17 dBm -[5] dB
Total power 20.0 dBm -[6] dB. 

3 Proposals
Proposal 1: To measure also per CC power in MOP and configured power for EN-DC
Proposal 2: To use the suggested test points and test requirements from section 2.3 in 38.521-3 test cases

Proposal 3: To change the default values for related parameters in 36.508 ensuring the NR CC is not dropped
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Appendix A: Core requirements from latest 38.101-3 (V16.1.0) 6.2B.1
3.1.1 6.2B.1
UE maximum output power for DC

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/-21
	23
	+2/-21

	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 subclause 6.2B.4;

-
else

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

6.2B.1.2
Intra-band non-contiguous EN-DC

Table 6.2B.1.2-1: Maximum output power for EN-DC (non-continuous sub-blocks)

	EN-DC configuration
	Power class 2

(dBm)
	Tolerance

(dB)
	Power class 3

(dBm)
	Tolerance

(dB)

	DC_3A_n3A2
	
	
	23
	+2/-3

	DC_41A_n41A
	26
	+2/-21
	23
	+2/-21

	DC_66A_n66A4
	
	
	23
	+2/-3

	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:
Only single switched UL is supported in Rel.15
NOTE 3:
Power Class 3 is the default power class unless otherwise stated.

NOTE 4:
Only single switched UL is supported


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 subclause 6.2B.4;

-
else

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

6.2B.1.3
Inter-band EN-DC within FR1

For inter-band EN-DC of E-UTRA and NR in FR1, the following UE Power Classes define the maximum output power for any transmission bandwidth within the aggregated channel bandwidth. 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 (1ms). UE maximum output power shall be measured over all component carriers from different bands. If each band has separate antenna connectors, maximum output power is measured as the sum of maximum output power at each UE antenna connector.

Table 6.2B.1.3-1: Maximum output power for inter-band EN-DC (two bands)

	EN-DC configuration
	Power class 3

(dBm)
	Tolerance

(dB)

	DC_1A_n3A
	23
	+2/-3

	DC_1A_n5A
	23
	+2/-3

	DC_1A_n7A
	23
	+2/-3

	DC_1A_n8A
	23
	+2/-3

	DC_1A_n28A
	23
	+2/-3

	DC_1A_n38A
	23
	+2/-3

	DC_1A_n40A
	23
	+2/-3

	DC_1A_n41A
	23
	+2/-3

	DC_1A_n51A
	23
	+2/-3

	DC_1A_n77A

DC_1A_n84A_ULSUP-TDM_n77A

DC_1A_n84A_ULSUP-FDM_n77A
	23
	+2/-3

	DC_1A_n78A

DC_1A_n84A_ULSUP-TDM_n78A

DC_1A_n84A_ULSUP-FDM_n78A
	23
	+2/-3

	DC_1A_n79A
DC_1A_n84A_ULSUP-TDM
	23
	+2/-3

	DC_1A_n80A
	23
	+2/-3

	DC_2A_n5A
	23
	+2/-31

	DC_2A_n7A
	23
	+2/-3

	DC_2A_n38A
	23
	+2/-3

	DC_2A_n41A
	23
	+2/-3

	DC_2A_n66A
	23
	+2/-31

	DC_2A_n71A
	23
	+2/-3

	DC_2A_n78A
	23
	+2/-3

	DC_3A_n1A
	23
	+2/-3

	DC_3A_n5A

DC_3C_n5A
	23
	+2/-3

	DC_3A_n7A
	23
	+2/-31

	DC_3A_n20A
	23
	+2/-3

	DC_3A_n28A
	23
	+2/-31

	DC_3A_n38A
	23
	+2/-3

	DC_3A_n40A
	23
	+2/-31

	DC_3A_n41A,

DC_3C_n41A,
DC_3A_n80A_ULSUP-TDM,

DC_3A_n80A_ULSUP-FDM,

DC_3C_n41A,

DC_3C_n80A_ULSUP-TDM,

DC_3C_n80A_ULSUP-FDM
	23
	+2/-3

	DC_3A_n51A
	23
	+2/-31

	DC_3A_n77A

DC_3A_n80A_ULSUP-TDM_n77A

DC_3A_n80A_ULSUP-FDM_n77A
	23
	+2/-31

	DC_3A_n78A

DC_3A_n80A_ULSUP-TDM_n78A,

DC_3A_n80A_ULSUP-FDM_n78A
	23
	+2/-31

	DC_3A_n79A

DC_3C_n79A
DC_3A_n80A_ULSUP-TDM_n79A,

DC_3A_n80A_ULSUP-FDM_n79A
	23
	+2/-31

	DC_3A_n82A
	23
	+2/-31

	DC_3A_n84A
	23
	+2/-31

	DC_5A_n2A
	23
	+2/-3

	DC_5A_n7A
	23
	+2/-3

	DC_5A_n40A
	23
	+2/-31

	DC_5A_n66A
	23
	+2/-31

	DC_5A_n71A
	23
	+2/-3

	DC_5A_n78A
	23
	+2/-3

	DC_5A_n79A
	23
	+2/-3

	DC_7A_n1A
	23
	+2/-3

	DC_7A_n3A
	23
	+2/-3

	DC_7A_n5A

DC_7C_n5A
	23
	+2/-3

	DC_7A_n28A
	23
	+2/-31

	DC_7A_n51A
	23
	+2/-31

	DC_7A_n66A
	23
	+2/-31

	DC_7A_n71A
	23
	+2/-3

	DC_7A_n77A
	23
	+2/-3

	DC_7A_n78A

DC_7C_n78A
	23
	+2/-3

	DC_7A_n80A
	23
	+2/-3

	DC_8A_n1A
	23
	+2/-3

	DC_8A_n3A
	23
	+2/-3

	DC_8A_n28A
	23
	+2/-3

	DC_8A_n39A
	23
	+2/-3

	DC_8A_n40A
	23
	+2/-31

	DC_8A_n41A,

DC_8A_n81A_ULSUP-TDM,

DC_8A_n81A_ULSUP-FDM
	23
	+2/-3

	DC_8A_n77A
	23
	+2/-3

	DC_8A_n78A

DC_8A_n81A_ULSUP-TDM_n78A,

DC_8A_n81A_ULSUP-FDM_n78A
	23
	+2/-3

	DC_8A_n79A

DC_8A_n79C
DC_8A_n81A_ULSUP-TDM_n79A,

DC_8A_n81A_ULSUP-FDM_n79A
	23
	+2/-3

	DC_8A_n80A
	23
	+2/-3

	DC_11A_n77A
	23
	+2/-3

	DC_11A_n78A
	23
	+2/-3

	DC_11A_n79A
	23
	+2/-3

	DC_12A_n2A
	23
	+2/-3

	DC_12A_n5A
	23
	+2/-3

	DC_12A_n66A
	23
	+2/-3

	DC_13A_n5A
	23
	+2/-3

	DC_13A_n66A
	23
	+2/-3

	DC_18A_n77A
	23
	+2/-3

	DC_18A_n78A
	23
	+2/-3

	DC_18A_n79A
	23
	+2/-3

	DC_19A_n77A
	23
	+2/-3

	DC_19A_n78A
	23
	+2/-3

	DC_19A_n79A
	23
	+2/-3

	DC_20A_n1A
	23
	+2/-3

	DC_20A_n3A
	23
	+2/-3

	DC_20A_n8A
	23
	+2/-3

	DC_20A_n28A

DC_20A_n83A
	23
	+2/-3

	DC_20A_n51A
	23
	+2/-3

	DC_20A_n77A
	23
	+2/-3

	DC_20A_n80A
	23
	+2/-3

	DC_20A_n78A

DC_20A_n82A_ULSUP-TDM_n78A,

DC_20A_n82A_ULSUP-FDM_n78A
	23
	+2/-3

	DC_21A_n77A
	23
	+2/-3

	DC_21A_n78A
	23
	+2/-3

	DC_21A_n79A
	23
	+2/-3

	DC_25A_n41A
	23
	+2/-3

	DC_26A_n41A
	23
	+2/-3

	DC_26A_n77A
	23
	+2/-3

	DC_26A_n78A
	23
	+2/-3

	DC_26A_n79A
	23
	+2/-3

	DC_28A_n5A
	23
	+2/-3

	DC_28A_n8A
	23
	+2/-3

	DC_28A_n41A
	23
	+2/-3

	DC_28A_n50A
	23
	+2/-3

	DC_28A_n51A
	23
	+2/-3

	DC_28A_n77A
	23
	+2/-3

	DC_28A_n78A

DC_28A_n83A_ULSUP-TDM_n78A,

DC_28A_n83A_ULSUP-FDM_n78A
	23
	+2/-3

	DC_28A_n79A
	23
	+2/-3

	DC_30A_n2A
	23
	+2/-3

	DC_30A_n5A
	23
	+2/-3

	DC_30A_n66A
	23
	+2/-3

	DC_38A_n78A
	N/A
	N/A

	DC_39A_n41A

DC_39C_n41A
	23
	+2/-2

	DC_39A_n78A
	23
	+2/-31

	DC_39A_n79A
	23
	+2/-31

	DC_40A_n1A
	23
	+2/-3

	DC_40A_n41A
	23
	+2/-3

	DC_40A_n77A
	N/A
	N/A

	DC_40A_n78A
	23
	+2/-3

	DC_40A_n79A
	23
	+2/-3

	DC_41A_n77A

DC_41C_n77A
	23
	+2/-31

	DC_41A_n78A

DC_41C_n78A
	23
	+2/-31

	DC_41A_n79A

DC_41C_n79A
	23
	+2/-31

	DC_42A_n51A
	23
	+2/-3

	DC_42A_n77A
	N/A
	N/A

	DC_42A_n78A
	N/A
	N/A

	DC_42A_n79A
	N/A
	N/A

	DC_66A_n2A
	23
	+2/-3

	DC_66A_n5A
	23
	+2/-31

	DC_66A_n25A
	23
	+2/-3

	DC_66A_n41A
	23
	+2/-3

	DC_66A_n71A
	23
	+2/-3

	DC_66A_n78A
DC_66A-66A_n78A

DC_66A_n86A_ULSUP-TDM_n78A
DC_66A_n86A_ULSUP-FDM_n78A
	23
	+2/-3

	DC_71A_n5A
	23
	+2/-3

	NOTE 1:
For 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:
PPowerClass, EN-DC is the maximum UE power specified without taking into account the tolerance

NOTE 3:
For inter-band EN-DC the maximum power requirement should apply to the total transmitted power over all component carriers (per UE).

NOTE 4:
Power Class 3 is the default power class unless otherwise stated.


6.2B.1.3a
Inter-band NE-DC within FR1

For inter-band NE-DC of E-UTRA and NR in FR1, the following UE power classes define the maximum output power for any transmission bandwidth within the aggregated channel bandwidth. 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). UE maximum output power shall be measured over all component carriers from different bands. If each band has separate antenna connectors, maximum output power is measured as the sum of maximum output power at each UE antenna connector.

Table 6.2B.1.3a-1: Maximum output power for inter-band NE-DC (two bands)
	NE-DC configuration
	Power class 3

(dBm)
	Tolerance

(dB)

	DC_n1A_28A
	23
	+2/-3


6.2B.1.4
Inter-band EN-DC including FR2

UE maximum output power requirement for E-UTRA single carrier and CA operation specified in subclauses 6.2.2 and 6.2.2A of TS 36.101 [4] and for NR single carrier and CA operation specified in subclause 6.2.1, 6.2A.1, and 6.2D.1 of TS 38.101-2 [3] apply.

6.2B.1.5
Inter-band EN-DC including both FR1 and FR2

UE maximum output power requirement for E-UTRA single carrier and CA operation specified in subclauses 6.2.2 and 6.2.2A of TS 36.101 [4] and for NR single carrier and CA operation specified in subclause 6.2.1 of TS 38.101-1 [2] and subclause 6.2.1, 6.2A.1, and 6.2D.1 of TS 38.101-2 [3] apply.

Appendix B: Core requirements from latest 38.101-3 (V16.1.0) 6.2B.4

6.2B.4
Configured output power for DC

6.2B.4.1
Configured output power level

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: image2.png]EN-DC
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 as specified in subclause 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] subclause 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 subclause 6.2.4 of TS 36.101 [4];

-
for a UE not indicating support of dynamicPowerSharing, the A-MPRc is determined in accordance with subclause 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 subclause 6.2.4 of TS 36.101 [4];

-
for a UE not indicating support of dynamicPowerSharing, the MPRc is determined in accordance with subclause 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_ NR,c (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_ NR,c and PCMAX H _ NR,c are the limits for a serving cell c as specified in subclause 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 subclause 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 subclauses 6.2B.2 and 6.2B.3 for EN-DC are applicable to PCMAX_ E-UTRA,c and PCMAX_ NR,c 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 [4] is provided and set to the maximum output power of the default power class or lower; otherwise ΔPPowerClass,EN-DC = 0 dB;

and whenever an NS signalling other than NS_01 is indicated within CG 2:

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

and whenever NS_01 is indicated or no NS signalling is indicated in CG 2.

-
for a UE indicating support of dynamicPowerSharing, MPRc = MPR'c with MPR'c determined in accordance with subclause 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 subclause 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 subclauses 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 subclauses 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: image10.png]EN-DC
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 within the range


PEN-DC,tot_L ≤ [image: image12.png]EN-DC
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 ≤  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 subclause 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 c(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 c(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 c(q) /X_scale ], PEMAX, EN-DC ,PPowerClass, EN-DC - ΔPPowerClass,EN-DC }
ELSE If b= TRUE or the configured transmission power 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 _ 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.1.1-1 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 subclause 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))).
6.2B.4.1.2
Intra-band non-contiguous EN-DC

The following requirements apply for one component carrier per CG configured for synchronous DC. The CG(s) are indexed by j = 1 for MCG and j = 2 for SCG.

The configured maximum output power PCMAX_ E-UTRA,c (p) in sub-frame p for the configured E-UTRA uplink carrier shall be set in accordance with subclause 6.2B.4.1.1 but where

-
for a UE not indicating support of dynamicPowerSharing, the A-MPRc determined in accordance with subclause 6.2B.3.2 with parameters applicable for UEs not indicating support of dynamicPowerSharing and MPRc = 0 dB;

whenever NS_01 is not indicated within CG 1 while

-
for a UE not indicating support of dynamicPowerSharing, the MPRc determined in accordance with subclause 6.2B.2.2 with parameters applicable for UEs not indicating support of dynamicPowerSharing and A-MPRc = 0 dB;

whenever NS_01 is indicated in CG 1.

The configured maximum output power PCMAX_ NR,c (q) in physical channel q for the configured NR carrier shall be set in accordance with subclause 6.2B.4.1.1 but where

-
for a UE indicating support of dynamicPowerSharing, A-MPRc = A-MPR'c with A-MPR'c determined in accordance with subclause 6.2B.3.2 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 subclause 6.2B.3.2 with parameters applicable for UEs not indicating support of dynamicPowerSharing and MPRc = 0 dB;

whenever NS_01 is not indicated in CG 2 while

-
for a UE indicating support of dynamicPowerSharing, MPRc = MPR'c with MPR'c determined in accordance with subclause 6.2B.2.2 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 subclause 6.2B.2.2 with parameters applicable for UEs not indicating support of dynamicPowerSharing and A-MPRc = 0 dB;

whenever NS_01 is indicated in CG 2.
For UEs indicating support of dynamicPowerSharing in the UE-MRDC-Capability IE, the UE can configure the total transmission power in accordance with subclause 6.2B.4.1.1 but with Ppowerclass,EN-DC the EN-DC power class of the intra-band non-contiguous band combination configured and A-MPR determined in accordance with subclause 6.2B.3.2.

The total maximum output power PUMAX over both CGs is measured in accordance with subclause 6.2B.4.1.1 and shall be within the limits specified in subclause 6.2B.4.1.1 but with parameters applicable for the non-contiguous band combination configured.

The maximum output power levels pUMAX,c,E-UTRA and pUMAX,f,c,NR for the CGs are measured in accordance with subclause 6.2B.4.1.1 and shall be within the limits specified in subclause 6.2B.4.1.1 but with parameters applicable for the non-contiguous band combination configured.
6.2B.4.1.3
Inter-band EN-DC within FR1

For inter-band dual connectivity with one uplink serving cell or more than one uplink serving cells configured for intra-band UL CA on the E-UTRA CG and one uplink serving cell on the NR CG, 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: image14.png]EN-DC
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 as specified in subclause 7.6 of TS 38.213 [10]. For EN-DC with more than one uplink serving cells configured for intra-band UL CA on the E-UTRA CG, the PCMAX applies to the entire E-UTRA CG.

For a UE configured with EN-DC and serving cell frame structure type 1, if the UE is configured with subframeAssignment-r15 for the serving cell and E-UTRA Pcell is FDD, the UE is not expected to be configured with more than one serving cells in the uplink.
The configured maximum output power PCMAX_ E-UTRA,c (p) in sub-frame p for the configured E-UTRA uplink carrier(s) 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] subclause 6.2.5 modified by PLTE as follows:

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

For EN-DC with more than one uplink serving cells configured for intra-band UL CA on the E-UTRA CG, PCMAX_L_ E-UTRA,c and PCMAX H _ E-UTRA,c are the limits for the E-UTRA CG as specified in TS 36.101 [4] subclause 6.2.5A modified by PLTE as follows:
PCMAX_L_ E-UTRA,c  = MIN{10 log10 ∑ pEMAX,c  - TC , (PPowerClass – ΔPPowerClass) – MAX(MPR + A-MPR + ΔTIB,c + TC + TProSe, P-MPR ), PLTE, Ppowerclass,ENDC }

PCMAX H _ E-UTRA,c  = MIN{10 log10 ∑ pEMAX,c , PPowerClass ,PLTE, Ppowerclass,ENDC}
The configured maximum output power PCMAX_ NR,c (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_ NR,c and PCMAX H _ NR,c are the limits for a serving cell c as specified in subclause 6.2.4 of TS 38.101-1 [2] modified as follows:

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

-
If more than one E-UTRA uplink serving cell is configured as intra-band UL CA in the E-UTRA CG, PPowerClass refers to the maximum output power of the E-UTRA intra-band CA power class given in Table 6.2.2A-1 of TS 36.101 [4],
-
PLTE is the value given by the field p-maxEUTRA-r15 of the RRCConnectionReconfiguration-v1510 IE as defined in TS 36.331 [8];

-
If more than one E-UTRA uplink serving cell is configured as intra-band UL CA in the E-UTRA CG, MPRc = MPR and A-MPRc = A-MPR with MPR and A-MPR specified in subclause 6.2.3A and subclause 6.2.4A of TS 36.101 [4] respectively. There is one power management term for the UE, denoted P-MPR, and P-MPR c = P-MPR. PCMAX_ E-UTRA,c is calculated under the assumption that the transmit power is increased by the same amount in dB on all component carriers within the E-UTRA CG.

-
PNR is the value given by the field p-NR-FR1 of the PhysicalCellGroupConfig IE as defined in TS 38.331 [9];

-
Δtc_E-UTRA, c = 1.5 dB 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 = 0 dB;

-
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 = 0 dB;
-
ΔTIB,c specified in subclause 6.2B.4.2.3 for EN-DC, the individual Power Class defined in table 6.2B.1.3 and any other additional power reductions parameters specified in subclauses 6.2B.2 and 6.2B.3for EN-DC are applicable to PCMAX_ E-UTRA,c and PCMAX_ NR,c evaluations.

-
∆PPowerClass,EN-DC = 3 dB for a power class 2 capable EN-DC UE when the field of UE capability maxUplinkDutyCycle-EN-DC is absent and the percentage of NR uplink symbols transmitted in a certain evaluation period is larger than 30 % (the exact evaluation period is no less than one radio frame); or the field of UE capability maxUplinkDutyCycle-EN-DC is not absent and the percentage of NR uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-EN-DC, as defined in TS 38.331 [9] (the exact evaluation period is no less than one radio frame); or the IE p-maxUE-FR1, as defined in TS 38.331 [9], is provided and set to the maximum output power of the default power class or lower; otherwise ∆PPowerClass,EN-DC = 0 dB;

If the transmissions from NR and E-UTRA do not overlap, then the complete subclauses 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.
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 the configured maximum transmission power for EN-DC operation as specified in subclause 7.6 of TS 38.213 [10].

The total configured maximum transmission power for both synchronous and non-synchronous operation is
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= MIN { PEMAX, EN-DC ,PPowerClass, EN-DC – ΔPPowerClass, EN-DC }

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

If the EN-DC UE does not support dynamic power sharing, then the complete subclauses 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 and [image: image30.png]EN-DC
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 applies.
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, and its configured maximum transmission power for EN-DC operation, [image: image32.png]PEN-DC
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, as specified above.

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.

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.4.1.3-1 when same or different subframe 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.4.1.3-1: PCMAX evaluation window

	transmission duration
	TREF
	Teval

	Different transmission duration in different RAT carriers
	E-UTRA Subframe on all aggregated cells of E-UTRA
	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 c(q)], PEMAX, EN-DC ,PPowerClass, EN-DC}

And:

a= 10 log10 [pCMAX_ E-UTRA,c (p) +pCMAX,f,c,NR (q) ] > [image: image34.png]EN-DC
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b= 10 log10 [pCMAX_ E-UTRA,c (p) +pCMAX,f,c,NR (q) /X_scale] > [image: image36.png]EN-DC
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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 configured max power for E-UTRA. If more than one E-UTRA uplink serving cell is configured as intra-band UL CA in the E-UTRA CG, PCMAX_ E-UTRA,c (p) will be replaced by PCMAX(p) which is the configured maximum power for the entire E-UTRA CG.

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

Table 6.2B.4.1.3-2: 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]

	NOTE 1:
For UEs not indicating support of dynamic power sharing, the upper tolerance Thigh shall be reduced by 0.3 dB for P ≥ 20 dBm.


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.

6.2B.4.1.3a
Inter-band NE-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 transmission  power for NE-DC operation, [image: image38.png]NE-—DC
pNE-D
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 as specified in subclause 7.6.1A 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] subclause 6.2.5 modified by PLTE as follows:

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

with exception that

-
if no symbol of slot [image: image43.wmf]1

i

 of the NR that is indicated as uplink or flexible by TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated overlaps with subframe [image: image44.wmf]2

i

 of the E-UTRA; or

-
if NR slot(s) that is indicated as downlink by TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated does not overlap with subframe [image: image45.wmf]2

i

 of the E-UTRA; then
PCMAX_L_ E-UTRA,c = MIN { PEMAX, NE-DC , (PPowerClass, NE-DC – ΔPPowerClass,NE-DC ), PEMAX,c  – 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  , (PPowerClass, NE-DC – ΔPPowerClass,NE-DC ), PPowerClass – ΔPPowerClass}
The configured maximum output power PCMAX_ NR,c (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_ NR,c and PCMAX H _ NR,c are the limits for a serving cell c as specified in subclause 6.2.4 of TS 38.101-1 [2] modified by PNR as follows:

PCMAX_L,f,c,,NR = MIN { PEMAX, NE-DC  , (PPowerClass, NE-DC – ΔPPowerClass,NE-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, NE-DC  , (PPowerClass, NE-DC – ΔPPowerClass,NE-DC ), PNR , PPowerClass – ΔPPowerClass }

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

-
PNR signalled by RRC as p-NR-FR1 defined in TS 38.331 [9]

-
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 subclause  6.2B.4.2.3 for NE-DC, the individual Power Class defined in table 6.2B.1.3a and any other additional power reductions parameters specified in subclauses  6.2B.2.3a for NE-DC are applicable to PCMAX_ E-UTRA,c and PCMAX_ NR,c evaluations.

-
ΔPPowerClass,NE-DC = 3 dB for a power class 2 capable NE-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; or the IE p-maxUE-FR1 as defined in TS 38.331 [9] is provided and set to the maximum output power of the default power class or lower; otherwise ΔPPowerClass,NE-DC = 0 dB;

If the transmissions from NR and E-UTRA do not overlap, then the complete subclauses 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, NE-DC or PEMAX, NE-DC shall not be exceeded at any time by UE.
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 the configured maximum transmission power for NE-DC operation as specified in subclause 7.6 of TS 38.213 [10].

The total configured maximum transmission power for both synchronous and non-synchronous operation is
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= MIN { PEMAX, NE-DC ,PPowerClass, NE-DC – ΔPPowerClass, NE-DC }

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

If the NE-DC UE does not support dynamic power sharing, then the complete subclauses 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 and [image: image57.png]NE-—DC
pNE-D



 applies.
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, and its configured maximum transmission power for NE-DC operation, [image: image59.png]pNE-DC
pNE-D



, as specified above.

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_L) and THIGH(PCMAX_H) for applicable values of PCMAX specified in Table 6.2B.4.1.3a-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.4.1.3a-1 when same or different subframe and physical-channel durations are used in aggregated carriers. PPowerClass ,NE-DC shall not be exceeded by the UE during any evaluation period of time.

Table 6.2B.4.1.3a-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_ NE-DC _H (p,q) , PCMAX_ NE-DC _H (p,q+1), … , PCMAX_ NE-DC _H (p,q+n) }

where PCMAX_ NE-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 LTE subframe p.

While PCMAX_L is computed as follows:


PCMAX_L = MIN { PCMAX_ NE-DC _L (p,q) , PCMAX_ NE-DC _L (p,q+1), … , PCMAX_ NE-DC _L (p,q+n)}
where PCMAX_NE-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 LTE subframe p,
With

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

And:


a = 10 log10 [pCMAX_ E-UTRA,c (p) +pCMAX,f,c,NR (q) ] > [image: image61.png]NE-—DC
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If a = TRUE

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

Else

PCMAX_ NE-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) + pCMAX L,f,c,,NR c(q)], PEMAX, NE-DC ,PPowerClass, NE-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, NE-DC is defined in subclause 6.2B.1a.3-1 for inter-band NE-DC;
-
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.4.1.3a-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]

	NOTE 1:
For UEs not indicating support of dynamic power sharing, the upper tolerance Thigh shall be reduced by 0.3 dB for P ≥ 20 dBm.


When E-UTRA and NR transmissions overlap and the condition a = TRUE, PUMAX,f,c,NR (q) for MCG, under nominal conditions, shall meet


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.4a.1.3-2.

When LTE and NR transmissions overlap and the condition a = FALSE), then PUMAX, under nominal conditions, shall be within the following bounds:

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

where PCMAX_L, PCMAX_H, and PUMAX are specified above with the tolerances TLOW and THIGH specified in Table 6.2B.4a.1.3-2 for applicable values of PCMAX_L and PCMAX_H.
6.2B.4.1.4
Inter-band EN-DC including FR2

For inter-band dual connectivity with one uplink serving cell per CG on E-UTRA and NR respectively, with NR configured in FR2, 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.

The UE maximum configured power PCMAX,c(i), on E-UTRA for the subframe i shall be set according to subclause 6.2.5 from TS 36.101 [4]. Applicable inter-band ΔTIB,c parameters shall be used according to the subclauses 6.2B.4.2.4 or 6.2B.4.2.5.

The UE maximum configured power PCMAX,c(j), on NR for the slot j shall be set according to subclase 6.2.4 from TS 38.101-2 [3].

For the configured power measurements TS 36.101 [4] subclause 6.2.5 and TS 38.101-2 [3] subclause 6.2.4 are applicable.

6.2B.4.1.5
Inter-band EN-DC including both FR1 and FR2

For inter-band dual connectivity with one uplink serving cell per CG on E-UTRA and NR respectively, with both CGs configured in FR1, the requirements specified in subclause 6.2B.4.1.3 apply.

For inter-band dual connectivity with one uplink serving cell per CG on E-UTRA and NR respectively, with NR configured in FR2, the requirements specified in subclause 6.2B.4.1.4 apply.

For inter-band dual connectivity with one uplink serving cell in first CG on E-UTRA and two uplink serving cells in second CG on NR FR1 and NR FR2 respectively, the UE is allowed to set its configured maximum output power PCMAX,c(i),i for serving cell c(i) , i = 1,2,3 with i=1 for E-UTRA, i=2 for NR FR1 and i=3 for NR FR2.

–
For serving cell on FR2, the requirements specified in subclause 6.2.4 in TS 38.101-2 [3] apply to the UE maximum configured power PCMAX,c(3),3 and the measured maximum configured power.

–
For remaining inter-band dual connectivity involving CG1 and CG2, the requirements specified in subclause 6.2B.4.1.3 apply.

Appendix C: Core requirements from latest 38.213 (V15.7.0)

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 
[image: image62.wmf]LTE
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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-FR1. 

The UE determines a transmission power for the MCG as described in [13, TS 36.213] using 
[image: image64.wmf]LTE
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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 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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the UE reduces transmission power 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. The UE is required to transmit in 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]). 
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