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1
Introduction

UE working in EN-DC mode is configured with a MCG using E-UTRA radio access and with a SCG using NR radio access, the UE may transmit on E-UTRA CCs and NR CCs alternatively or simultaneously depending on the relevant UE capability. MOP testing verifies the UE maximum output power does not exceed the range prescribed by the specified nominal maximum output power and tolerance regardless of uplink transmissions.

According to TS 38.213 [1], the uplink power sharing between NR and E-UTRA links varies with the EN-DC band combination specific UE capability, specifically, UE expects to transmit on E-UTRA CCs and NR CCs simultaneously only in case UE supports dynamic power sharing or static power sharing configured. 
The present contribution discusses how different uplink power sharing mechanisms impact on EN-DC MOP test and further provides proposals on the test procedure and test configuration.
2
Discussion
2.1
Uplink power allocation mechanisms in EN-DC mode 
[38.213 f40 Clause 7.6.1 EN-DC]
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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. 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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[image: image8.wmf]LTE

P

, 
[image: image9.wmf]NR

ˆ

P

 is the linear value of 
[image: image10.wmf]NR

P

, and 
[image: image11.wmf]DC

-

EN

Total

ˆ

P

 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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 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]). 

Observation 1: Depending on the configured PLTE and PNR, there might be three ways of power allocation between CGs of E-UTRA and NR as listed below: 
1. Static power sharing: The maximum uplink power of MCG and SCG are reserved as indicated by the high layer parameters PLTE and PNR and confine to PLTE + PNR ≤ PEN-DC. By this way, the uplink power of MCG or SCG confines to PLTE and PNR, hence each of which has no chance to reach the maximum output power.
2. Dynamic power sharing: The uplink power of MCG takes priority over the power of SCG during the overlapping slot where PLTE + PNR > PEN-DC so the power of SCG is scaled. By this way, the uplink power of MCG or SCG each has opportunity to reach the maximum output power 
3. TDM Pattern sharing: The uplink transmission of MCG and SCG are time divided confining to a configured TDM pattern. By this way, the uplink power of MCG or SCG each has opportunity to reach the maximum output power.

2.2 
Relevant UE capability

Extracted from 38.306 Table 4.2.7.9 MRDC-Parameters
4.2.7.9 MRDC-Parameters

	Definitions for parameters
	Per
	M
	FDDTDD

DIFF
	FR1

FR2

DIFF

	dynamicPowerSharing

Indicates whether the UE supports dynamic EN-DC power sharing or not. If the UE supports this capability it will dynamically share the power between NR and LTE if P_LTE + P_NR > Pcmax. 
	BC
	Yes
	No
	Tbd

	singleUL-Transmission

Indicates that the UE does not support simultaneous UL transmissions as defined in TS 38.101-3 [4]. The UE may only set this bit for certain band combinations defined in TS 38.101-3 [4]. If set for a particular band combination, the bit applies to all fallback band combinations of this band combination that are defined in TS 38.101-3 [4] as being allowed to set the bit and does not apply to any other fallback band combinations defined in TS 38.101-3 [4].
	BC
	Tbd
	No
	No

	tdm-Pattern

Indicates whether the UE supports the tdm-Pattern for single UL-transmission associated functionality. Support is conditionally mandatory for UEs that do not support dynamic power sharing and for UEs that indicate single UL for any BC, and optional otherwise.
	BC
	Yes/No
	Yes
	Tbd


Observation 2: From an EN-DC band combination perspective of view, dynamic power sharing or TDM pattern power is supported by UE, it’s a UE band combination specific capability. Taking PC3 UE as an example, Table 2.2-1 summarizes several possible scenarios in terms of power configuration and Ue capability etc.
Table 2.2-1
Applicable Power testing for PC3 UE
	Test ID
	Total transmitted power (max)  [dBm]
	PLTE[dBm]
	PNR[dBm]
	BC capability
	Applicable Power testing
	Applicable UL transmission
	Note

	1
	23
	20
	20
	both
	Configured transmitted power
	E-UTRA Tx and NR Tx simultaneously
	PLTE + PNR ≤ PEN-DC

	2
	22.8
	21
	18
	both
	Configured transmitted power
	E-UTRA Tx and  NR Tx simultaneously
	PLTE + PNR ≤ PEN-DC

	3
	23
	23
	23
	Dynamic power sharing
	MOP test
	E-UTRA Tx and  NR Tx simultaneously
	PLTE + PNR > PEN-DC

	4
	23
	23
	23
	TDM Pattern power sharing
	MOP test
	E-UTRA Tx or  NR Tx
	PLTE + PNR > PEN-DC


Proposal 1: It’s proposed to measure MOP under conditions of PLTE + PNR > PEN-DC, and the test could be done by scheduling E-UTRA Tx and  NR Tx simultaneously in case UE indicates capability of Dynamic power sharing for the specific BC. 

Proposal 2: It’s proposed to capture test IDs 1 and 2 in the configured transmitted power testing where the Pcmax configured for the UE dominates the UE maximum output power
Extracted from Ran5#81 R5-187920 
Below is an example of an EN-DC test case with simultaneous LTE and NR UL transmission at Pcmax power level, assuming the following outcome from the test point analysis:

Analysis 1: Add test point where the NR carrier power is scaled due to dynamic power sharing (if supported by the UE),

Analysis 2: Add test point with both NR and E-UTRA carrier active at the same power level, 20 dBm selected.

Analysis 3: Add test point with both NR and E-UTRA carrier active with the NR power 3 dB higher than E-UTRA, 21 dBm and 18 dBm selected.

Analysis 4: Add a test point where the power of the LTE carrier is dropped (static power sharing power limit reached) if DPS isn’t supported by the UE.

In the test configuration table below, test step 1 applies to analysis 1, test step 2 applies to analysis 2, test point 3 applies to analysis 3. We expect that analysis 4 would most likely not be an outcome from any TP analysis and is therefore excluded from the table below due to readability (to also cover analysis 4 in the test configuration table, NOTE 1 could be removed).  

Analysis 2 and analysis 3 are covered by test ID 1 and 2, and analysis 1 and analysis 4 are intended to be covered by test ID 3. According to analysis 1, it’s required to verify the MOP requirements for UE capable of dynamic power sharing under the condition that NR CG power is scaled while UE transmission on LTE CG and NR CG simultaneously. A possible way to trigger NR CG power scale is illustrated in the Figure 2.3-1
Firstly ensure NR carrier transmission at the nominal maximum output power, then schedule the NR carrier and LTE carrier simultaneously on the overlapping slots/subframes while sending continuously TPC “up” to command UE to increase the transmission power on NR CG. Make the verification that LTE CG gets the initial power and the total UE output power meets the MOP requirement when it the reaches maximum output power. The initial power by LTE CG might be set to 20dBm according to clause 7.1 [1], half of the MOP, and measurement occurrence starts from where the triangle indicates in the figure
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Figure 2.3-1 UE transmission power on LTE CG and NR CG in case of dynamic power sharing
3
Proposal
Proposal 1: It’s proposed to measure MOP under conditions of PLTE + PNR > PEN-DC, and the test could be done by scheduling E-UTRA Tx and  NR Tx simultaneously in case UE indicates capability of Dynamic power sharing for the specific BC. 

Proposal 2: It’s proposed to capture test IDs 1 and 2 in the configured transmitted power testing where the Pcmax configured for the UE dominates the UE maximum output power.
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