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1 Background

In [1] we proposed a method supporting EN-DC power class 2 for FDD-TDD band combinations is specified by combining two methods
· reducing Tx time for LTE FDD UE: UE NR duty-cycle capability reporting-based solutions for SAR limitation compliance

· reducing Tx power “permanently” for LTE FDD UE: configure a total EN-DC power > 23 dBm for SAR compliance using the common UL-DL configuration for the TDD CG in case PLTE < 23 dBm is configured (denoted the “blind” scheme below)

· used as a fall-back when the actual NR duty cycle exceeds the indicated capability or when the UE is not providing the capabilities 

This ensures SAR compliance in fallback and provides improved performance also without requiring neither tight scheduler coordination between CGs or UE support of (radio) frame-based duty-cycle management. 
In this contribution we consider the outstanding issues of the WF [2]. It was agreed that
· The following capability set was agreed, corresponding to DutyLTE1 and DutyLTE2.
·  maxNRDuty1 ∈ {30%, 40%, 50%, 60%, 70%, 80%, 90%, 100% , Full_duty_supported}
·  maxNRDuty2 ∈ {30%, 40%, 50%, 60%, 70%, 80%, 90%, 100% }
· Full_duty_supported: no restriction on uplink scheduling for both LTE and NR bands for applicability of PC2 inter-band EN-DC (FDD+TDD) requirements, i.e. SAR compliance will be fulfilled by UE based mechanisms e.g. P-MPR etc. If UE indicate maxNRDuty1= Full_duty_supported, maxNRDuty2 signaling will be overridden i.e. UE will follow  Full_duty_supported capability.
The behaviour when capability parameters are absent and the fallback when capabilities are exceeded are open.
2 Behaviour when capability parameters are absent
The first outsanding issue is
· Choosing “default value” or “blind scheme” when capability parameters are absent

· Option1: Using default value of maxNRDuty for two cases of LTE and NR power combination

· Option2: Following blind scheme by reduced power (PLTE) and use of the common UL-DL patterns on the TDD CG
Absence of parameters should mean that the duty-cycle management is not supported by the UE, this 

1. allows UEs implemented with e.g. two PC3 PA implement a PC2 FDD-TDD using standard EN-DC power control without the need for frame-based duty-cycle management across CGs 

2. does not require tight scheduling coordination between the CG to exploit the reported duty-cycle capability.

SAR compliance is not the liability of the network and improved performance using FDD-TDD without tight CG coordination
The baseline performance of the “blind” scheme represent a significant improvement compared the EN-DC power class 3: numerical examples for EN-DC PC2 Case 1 (PC3 on each CG) and a 40% UL maximum duty cycle: 

· for PLTE = 22 dBm and uD = 0.4 (maximum duty cycle) the configured total output power is set at 24.1 dBm, the NR power can be increase from 16.1 to 20.1 dBm with LTE at full power as compared to the provisions of the current specification. The NR would not be dropped by scaling for Pcmax,c = 23 dBm for NR (PC3).

· for PLTE = 21 dBm and uD = 0.4 the configured total output power be set at 24.9 dBm, the NR power can be increased from 16.1 to 22.6 dBm with LTE at full power as compared to the provisions of the current specification (an increase from 18.6 to 22.6 dBm using a PLTE = 21 dBm baseline). There would be no NR dropping. 

see [3] for more details. A specification of FDD-TDD PC2 should not require strict eNB/gNB scheduler coordination for full utilization of the (scheduling optimization on the SCG requires knowledge about the MCG reference duty cycle). Note that the above is achieved with a standard UE implementation with two 23 dBm PA, only a matter of configuring a higher EN-DC power based on static parameters. The EN-DC power of the blind scheme is semi-static: it is set at configuration of EN-DC and maintained until release of EN-DC (then PLTE is also released). 
Proposal 1: when duty-cycle capabilities are absent, follow the “blind scheme” by reduced power (PLTE) and use of the common UL-DL patterns on the TDD CG.
3 PC3 or “blind scheme” fallback to facilitate SAR compliance

The next issue is 
· Choosing “PC fallback” or “blind scheme” when the UL EN-DC scheduling exceeds the UE capability

· Option1: UE should fallback to PC3

· Option2: Blind scheme should be followed
The “blind scheme” is designed to meet the requirement that total EN-DC power averaged over a radio frame is ≤ 23 dBm. Option 2 would allow a configured total EN-DC power > 23 dBm when  PLTE < 23 dBm and the tdd-UL-DL-ConfigurationCommon is provided. Actually, the blind scheme reduces to PC3 when
· PLTE ≥ 23 dBm or absent

· PEMAX, EN-DC ≤ 23 dBm or absent

· the maximum duty cycle is uD = 1, flexible symbols also counted as uplink

· the UE is configured with the parameter SlotFormatIndicator (the tdd-UL-DL-ConfigurationCommon may or may not be absent)

Configuration of a (dynamic) SFI would require frame-based dyty-cycle management. 
Why use PC3 as a fallback when the “blind” scheme allows higher EN-DC when capabilities are exceeded or absent? A waste of performance.
Concerns have been raised with SAR compliance using the “blind” scheme. However, this option is based on setting the EN-DC total power such that the average UL power during a radio frame does not exceed 23 dBm just like the capability-based solution: the UL duty cycle should be such that for a UE with 26 dBm total EN-DC power the average the UL power during a radio frame does not exceed 23 dBm -- the same principle for facilitating SAR. For both the capability-based and the “blind” scheme, the total EN-DC power is always ≤ 26 dBm (EN-DC PC2), see figure 1.
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Figure 1: the configured total EN-DC power as a function of the duty cycle for EN-DC power class 2.
Proposal 2: when the UL EN-DC scheduling exceeds the UE capability, the blind scheme should be followed.
4 In the specification

The fall-back behavior is specified as follows, first the fallback behavior is defined (based on v16.2.0):
<   start of changes >
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)

< text omitted >
< fall-back for EN-DC PC2 for TDD-TDD, fallback to 23 dBm >

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

–
if 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

–
if 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 TS38.331 (The exact evaluation period is no less than one radio frame); or

–
if the IE p-maxUE-FR1 as defined in TS 38.331 is provided and set to the maximum output power of the default power class or lower;

–
shall apply all requirements for the default power class to the supported power class and set the configured transmitted power as specified sub-clause 6.2B.4;

–
Else if the IE p-maxUE-FR1 as defined in TS 38.331 is not provided or set to the higher value than the maximum output power of the default power class and the percentage of uplink symbols transmitted in a certain evaluation period is less than or equal to maxUplinkDutyCycle-EN-DC as defined in TS 38.331; or

–
if the IE p-maxUE-FR1 as defined in TS 38.331 is not provided or set to the higher value than the maximum output power of the default power class and the percentage of NR uplink symbols transmitted in a certain evaluation period is less than or equal to 30% when maxUplinkDutyCycle-EN-DC is absent. (The exact evaluation period is no less than one radio frame):
–
shall apply all requirements for the supported power class and set the configured transmitted power class as specified in sub-clause 6.2B.4.
< fall-back for EN-DC PC2 for FDD-TDD, to PEN-DC > 23 dBm if PLTE < 23 dBm, to PEN-DC = 23 dBm otherwise >
If the UE supports a different power class than the default UE power class for an EN-DC band combination with the MCG in an FDD band and the SCG in a TDD band and if the supported power class enables higher maximum output power than that of the default power class:

–
if the fields of the UE capability [maxNRDuty1] and [maxNRDuty2] are absent and the IE p-maxEUTRA-FR1-r15 [36.331] is not provided or set to the maximum output power of the default power class of the FDD band or higher; or
–
if at least one the fields of the UE capability [maxNRDuty1] and [maxNRDuty2] are present and the IE p-maxEUTRA-FR1-r15 is not provided or set to the maximum output power of the default power class of the FDD band or higher and the percentage of NR uplink symbols transmitted in a certain evaluation period is greater than [maxNRDuty1] and [maxNRDuty2] for the respective reference EUTRA configurations [DutyLTE,1] and [DutyLTE,2];
<  fallback to 23 dBm since duty-cycle capability exceeded/absent and PLTE ≥ 23 dBm or not configured >
–
shall apply all requirements for the default power class to the supported power class and set the configured transmitted power as specified sub-clause 6.2B.4.1.3;
–
else if at least one the fields of the UE capability [maxNRDuty1] and [maxNRDuty2] are present and the percentage of NR uplink symbols transmitted in a certain evaluation period is less than or equal to [maxNRDuty1] and [maxNRDuty2] for the respective reference EUTRA configurations [DutyLTE,1] and [DutyLTE,2]; or
–
if the fields of the UE capability [maxNRDuty1] and [maxNRDuty2] are absent
<   PEN-DC up to 26 dBm for EN-DC PC2 >
–
shall apply all requirements for the supported power class and set the configured transmitted power class as specified in sub-clause 6.2B.4.1.3 for band combinations with the MCG in an FDD band and the SCG in a TDD band,;
<   PEN-DC  can be set > 23 dBm for EN-DC PC2 if PLTE < 23 dBm and duty-cycle capability absent; the UE is also allowed to use this lower level (in a range between 23 and 26 dBm) when the duty-cycle capabilities are present but exceeded >
4.1.1.1 with [DutyLTE,1 = 70%] for the default NR power class and [DutyLTE,1 = 40%] for NR power class 2, whereas [DutyLTE,2 = TBD] for the default NR power class and [DutyLTE,2 = TBD] for NR power class 2.
6.2B.1.3a
Inter-band NE-DC within FR1
<   end of changes >
then the total configured output power specified as:
<   start of changes >
Unless stated otherwise, 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 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 and [image: image7.png]EN-DC
PEN-D



 applies.
<  set the PEN-DC > 23 dBm when PLTE < 23 dBm in accordance with the common UL-DL pattern, reduces to 23 dBm if PLTE > 23 dBm or not provided or a common UL-DL pattern not provided >
For band combinations with the MCG in an FDD band and the SCG in a TDD band, UEs supporting dynamic power sharing and EN-DC power class 2 can configure the total maximum transmission power as 
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= MIN{10 log10 [pLTE + MIN{pPowerClass, NR , (pPowerClass, EN-DC /ΔpPowerClass – pLTE ) / uD}],      PPowerClass,EN-DC, PEMAX,EN-DC}

for sub-frame p on CG 1 overlapping with physical channel q on CG 2 with pLTE, pPowerClass, NR, ΔpPowerClass and pPowerClass, EN-DC the respective linear values of PLTE, PPowerClass for NR, ΔPPowerClass and PPowerClass, EN-DC  while uD is the maximum UL duty cycle on the SCG; ΔPPowerClass = 3 dB for EN-DC power class 2 whereas ΔPPowerClass = 0 dB for EN-DC power class 3. If PLTE is greater than the supported power class of the MCG or the IE p-maxEUTRA-FR1-r15 absent
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= MIN { PEMAX, EN-DC ,PPowerClass, EN-DC – ΔPPowerClass }
The UE determines the maximum duty cycle uD for the configured maximum output power as follows:

-
if the UE is only provided with a common pattern tdd-UL-DL-ConfigurationCommon that provides pattern1 an upper bound on the duty cycle is determined by the quotient of 

-
the difference between the total number of symbols for the configuration period of pattern1 for the reference SCS and the total number of downlink symbols of the configuration period

-
and the total number of slots for the configuration period of pattern1 for the reference SCS

-
as indicated by tdd-UL-DL-ConfigurationCommon. 

-
if the UE is only provided with a common pattern tdd-UL-DL-ConfigurationCommon that provides both pattern1 and pattern2 an upper bound on the duty cycle is determined by the quotient of 

-
the difference between the total number of symbols for the configuration periods of pattern1 and pattern2 for the reference SCS and the total number of downlink symbols of both configuration periods

-
and the total number of slots for the configuration periods of pattern1 and pattern2 for the reference SCS

-
as indicated by tdd-UL-DL-ConfigurationCommon. 
· -
   if the UE is configured with the parameter SlotFormatIndicator, uD = 1.
<   PEN-DC up to 26 dBm for EN-DC PC2, the lower limit can be used if the duty-cycle capabilties are exceeded unless Full_duty_supported is indicated >
For band combinations with the MCG in an FDD band and the SCG in a TDD band, UEs supporting dynamic power sharing, EN-DC power class 2 and indicating at least one of the capabilities [maxNRduty1] or [maxNRduty2] can configure the total maximum transmission power as 
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≤ MIN{PEMAX, EN-DC, PPowerClass, EN-DC}
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 as specified above.
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: image21.png]PEN-DC
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, as specified above.

<   end of changes >
A draft CR is provided in [4].

Proposal 3: support for EN-DC power class 2 for FDD-TDD band combination is specified by combining the methods of NR duty-cycle reporting and reduced FDD power.
5 Proposal
We make the following 

Proposal 1: when duty-cycle capabilities are absent, follow the “blind scheme” by reduced power (PLTE) and use of the common UL-DL patterns on the TDD CG.
Proposal 2: when the UL EN-DC scheduling exceeds the UE capability, the blind scheme should be followed.
Proposal 3: support for EN-DC power class 2 for FDD-TDD band combination is specified by combining the methods of NR duty-cycle reporting and reduced FDD power.
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