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1 Background
RAN4#90 agreed a way forward for PC2 FDD-TDD UE in [1]. One of the agreed items is a further study of the following solutions to meet the overall uplink duty cycle for the PC2 FDD-TDD HPUE, starting from case 1 [power classes]: 

· Option 1: Reduce Tx time for LTE FDD UE

· Restrict LTE FDD UL transmission by TDM patterns can be considered as the starting point for option 1
· Option 2: Reduce Tx power for LTE FDD UE

In this contribution we consider option 2, which can in fact also be used to increaser the TDD power during bursts also for PC3. Our idea is to borrow FDD power “permanently” and use the TDD duty cycle to maintain an average total power level not exceeding 23 dBm (nominal). 
In this contribution we reiterate some of the calulations made for the corresponding case for PC3 in [2]. For a discussion of SAR compliance, see [2].

2 Borrow power from FDD and utilize the TDD duty cycle
In view of the SAR measurement procedures, the TDD power during bursts can be increased by borrowing power from the FDD UL, i.e. reduce its power “permanently”, and assume a maximum duty cycle for the TDD UL allowed for SAR measurements. For PC2 there is a duty cycle capability whereas for PC3 we assume a certain maximum duty cycle < 0.5, which would still enable a UL-DL configuration corresponding the U/D Configuration 1 for LTE. 
For verification of the power class, the upper tolerance limit (+25 dBm for PC3) is the maximum at which the unwanted emissions requirements are met and is relevant for SAR for PC3 (for PC2 a duty cycle must be assumed). Analoguos with the SAR measurement we propose that the upper limit of the EN-DC power class is verified by averaging the power over at least one radio frame (10 ms). The average nominal power should not exceed 23 dBm for both PC3 and PC2.

The lower tolerance limit (+20 dBm for PC3) is the power capability at which unwanted emissions requirements and in-channel requirements must be met, and could still be verified per subframe (1 ms).

First we set PLTE < 23 dBm. Then the maximum NR power must be set such that the total average power over a radio frame does not exceed 23 dBm, i.e.
PPowerClass, EN-DC  -ΔPPowerClass,
where ΔPPowerClass = 3 dB for PC2 and ΔPPowerClass = 0 dB for PC3. Assuming a maximum duty cycle uD then the NR maximum power during bursts must not exceed 
Pmax,NR = 10 log10 MIN {pPowerClass, NR , (pPowerClass, EN-DC /ΔpPowerClass, – pLTE ) / uD, pEMAX,EN-DC}

where lower-case notion are in linear scale (the maximum power should not exceed the power class of the NR CG). This means that the total average power will be less than

10 log10 {pLTE + uD (pPowerClass, EN-DC /ΔpPowerClass, – pLTE ) / uD} = PPowerClass, EN-DC  -ΔPPowerClass 

assuming a TDD duty cycle uD in the measurement (RMC) and that the power on the NR CG is  not constained by the power class.

The above implies that the configured total EN-DC power could be set up to
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 ≤  MIN{10 log10 [pLTE + MIN{pPowerClass, NR , (pPowerClass, EN-DC  / ΔpPowerClass, – pLTE ) / uD}], PEMAX,EN-DC}

In case the TDD duty cycle is less than uD the average total power is reduced (over at least a radio frame), but the average NR power should not exceed

Pavg,NR ≤ 10 log10 MIN {pPowerClass, NR , (pPowerClass, EN-DC /ΔpPowerClass, – pLTE ), pEMAX,EN-DC}

In case the TDD duty cycle exceeds uD the maximum NR maximum power during the bursts should be reduced down to 

(pPowerClass, EN-DC  / ΔpPowerClass – pLTE )

attained at 100% TDD duty cycle. This means that the average total power is still PPowerClass, EN-DC  - ΔPPowerClass and the configured EN-DC power be set to
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  ≥  MIN{ PPowerClass,EN-DC  - ΔPPowerClass, PEMAX,EN-DC}
which is the existing requirement. The procedure is illustrated in Figure 1.
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Figure 1: using FDD power to increase the TDD power during bursts for any power class.

The above means that the total configured EN-DC power FDD-TDD band combination can be set as follows:
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 ≤  PEN-DC,tot_H
where
PEN-DC,tot_L (p,q) = MIN{ PPowerClass,EN-DC, - ΔPPowerClass, PEMAX,EN-DC}

PEN-DC,tot_H (p,q) = MIN{10 log10 [pLTE + MIN{pPowerClass, NR , (pPowerClass, EN-DC /ΔpPowerClass – pLTE ) / uD}], PEMAX,EN-DC}
The lower limit serves two purposes:

1. the UE may reduce the NR power if the actual duty cycle exceeds uD
2. the existing requirement for Rel-15 is not tightened (the UE can still use the lower limit).
It is remarked that the power reduction by PLTE is UE specific and only applies when the UE is configured with EN-DC. At cell edge the UE can be reconfigured for LTE-only operations without power limit.

3 Power class 2
The duty cycle must be decreased to increase the maximum output power for PC2. The duty cycle capability must be at least 50%, then the gain is limited (same as PC3 then) perhaps increase the lower limit to e.g. 0.2 (config 2). 
Numerical examples for a PC2 NR with a 20% duty cycle
· for PLTE = 22 dBm and uD = 0.2 the configured total output power be set at 25.6 dBm in case the NR power class is 26 dBm, the NR power can be increase from 16 to 23.2 dBm with LTE at full power as compared to the provisions of the current specification.

· for PLTE = 21 dBm and uD = 0.2 the configured total output power be set at 26.9 dBm in case the NR power class is 26 dBm, the NR power can be increase from 16 to 25.6 dBm with LTE at full power as compared to the provisions of the current specification.

This represents a significant performance improvement on the SCG.

For PC2 the configured power would be specified as
For band combinations with the SCG in a TDD the UEs supporting dynamic power sharing can configure the total maximum transmission power within the range
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 ≤  PEN-DC,tot_H
where 


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


PEN-DC,tot_H (p,q) = MIN{10 log10 [pLTE + MIN{pPowerClass, NR , (pPowerClass, EN-DC / ΔpPowerClass – pLTE ) / uD}], PEMAX,EN-DC}

for sub-frame p on CG 1 overlapping with physical channel q on CG 2 with pLTE, pPowerClass, NR and pPowerClass, EN-DC the respective linear values of PLTE, PPowerClass for NR and PPowerClass, EN-DC  while uD is the UL duty cycle on the SCG with uD = 0.4 for EN-DC power class 3 [and uD = 0.2 or according to the field maxUplinkDutyCycle-PC2-FR1 for power class 2].
4 Conclusion
For FDD-TDD band combinations, the power during TDD burst can be increased by reducing the FDD power “permanently” (PLTE) and and utilize the TDD duty cycle in a power measurement averaged over at least a radio frame. 
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