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1 Background
This contribution is an amended resubmission of [4] endowed with numerical examples.

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). 
2 SAR guidelines on uplink duty cycle and power reduction
We start by considering guideline for SAR measurements. The FCC has published guidance for SAR measurements of LTE devices in [2]. It is recognised that other regions may employ alternative methods but we assume that the basic principles are similar and would also carry over to NR. 
Use of a duty cycle only applies to TDD 
The procedures apply to both Frequency-Division Duplex (FDD) and Time-Division Duplex (TDD) systems.  SAR must be tested using a fixed periodic duty factor according to the highest transmission duty factor implemented for the device and supported by the defined 3GPP LTE TDD configurations.  When it is unclear, a KDB inquiry is recommended to determine the SAR test requirements.
Power reductions must per “permanent”
4.3. Maximum power reduction (MPR) 

It must be clearly identified if Maximum Power Reduction (MPR) is implemented and whether it is an optional or permanent feature, i.e., built-in by design.  MPR may be considered during SAR testing only when the maximum output power is permanently limited by the MPR implemented within the device, according to the RB (resource block) configurations specified in 3GPP/LTE standards.  Regardless of network requirements, only those RB configurations allowed by 3GPP for the channel bandwidth and modulation combinations may be tested with MPR active.  Configurations with RB allocations less than the RB thresholds required by 3GPP must be tested without MPR.  A-MPR (additional MPR) must be disabled during SAR testing, except when there is prior confirmation from the FCC; for example, to implement power reduction according to certain acceptable network signaling (NS) conditions.
but there are provisions for additional power reductions needed for SAR compliance. The duty cycle used must be the maximum supported
5.4. Time-Division Duplex (TDD) test configurations

SAR must be measured with a fixed periodic duty factor corresponding to the highest transmission duty factor implemented for the device according to the UL-DL configurations defined by 3GPP.8  The transmission duty factor must take into account UpPTS duration in the special sub-frame.9  The applicable cyclic prefix configuration that results in the longest UpPTS duration should be used to determine the transmission duty factor and applied to the SAR measurement setup to ensure the measured SAR is compensated correctly.10  The parameters used to compute the SAR measurement duty factor must be clearly explained in the SAR report to support the test results. […]
This implies
1. Use permanent power reduction like FDD to enable higher power for TDD during bursts
2. Duty cycle restriction for TDD but the requirement to meet SAR requirements (PC2 would not be possible with 26 dBm during bursts for the UL-heavy combinations. 
3 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.

Numerical examples: 

· for PLTE = 22 dBm and uD = 0.4 the configured total output power be set at 24.1 dBm in case the NR power class is 23 dBm, the NR power can be increase from 16 to 22.1 dBm with LTE at full power as compared to the provisions of the current specification.

· for PLTE = 21 dBm and uD = 0.4 the configured total output power be set at 24.9 dBm in case the NR power class is 23 dBm, the NR power can be increase from 16 to 22.6 dBm with LTE at full power as compared to the provisions of the current specification.

This represents a significant performance improvement on the SCG.

4 Power class 3
The changes above could be introduced at one for PC3. We then assume a maximum duty cycle uD = 0.4, which cover NR UL-DL configurations corresponding to LTE config 1 and 2). An example: for PLTE = 21 dBm and uD = 0.4 the NR power during TDD bursts can be increased by 4 dB and the configured total output power be set at 24.9 dBm, a 1.9 dB increase for PC3.
The changes would look like follows. The upper tolerance limit is verified by a measurement over two radio frames for SAR compliance, the lower tolerance limit can be reduced if the actual duty cycle of the RMS is less than 0.4. However, the lower limit must be met in case the power is measured according to the standard procedure over 1 ms:
6.2B.1.3
Inter-band EN-DC within FR1

For inter-band EN-DC of LTE 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) unless otherwise stated. 
For band combinations with an SCG in a TDD band the total maximum output power averaged over a period of measurement period of at least two radio frames (20 ms) shall meet the requirements in Table 6.2B.1.3-1 with the lower tolerance limit of the maximum output power reduced. The total output power shall meet the lower tolerance limit with a measurement period of at least one subframe (1 ms) without averaging over radio frames. The maximum output power on each CG shall be in accordance with [36.101] and [2] with a measurement period of 1 ms for the respective power classes supported.
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.

The P^EN-DC, the average nominal power should be 23 dBm over at least two radio frames. The configured total power is specified as follows:
P_EN-DC_Total is the dB value of  [image: image9.png]PEN-DC
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, which is used in [38.213] and PEMAX, EN-DC is  p-maxUE-FR1-r15 value signaled by RRC and defined in [36.331];
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, PEMAX,EN-DC}


PEN-DC,tot_H (p,q) = MIN{10 log10 [pLTE + MIN{pPowerClass, NR , (pPowerClass, EN-DC – 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.
The RMC is based on config 2 so the lowest average measured over 20 ms is 
pLTE + 0.2(pPowerClass, EN-DC – pLTE )
in case the configured power is set at minimum. This means that the lower tolerance of the power class should be reduced by

 T = PPowerClass, EN-DC – 10 log10 {pLTE + 0.2(pPowerClass, EN-DC – pLTE )}

due to the averaging. This would be captured by a table note as follows:

	EN-DC configuration
	Power class 3

(dBm)
	Tolerance

(dB)

	DC_1A_n28A
	23
	+2/-3

	DC_1A_n40A
	23
	+2/-35

	DC_1A_n51A
	23
	+2/-35

	DC_1A_n77A
	23
	+2/-35

	DC_1A_n78A

DC_1A_n84A_ULSUP-TDM_n78A

DC_1A_n84A_ULSUP-FDM_n78A
	23
	+2/-35

	DC_1A_n79A
	23
	+2/-35

	DC_2A_n5A
	23
	+2/-31

	DC_2A_n66A
	23
	+2/-31

	DC_2A_n71A
	23
	+2/-3

	DC_2A_n78A
	23
	+2/-35

	DC_3A_n7A
	23
	+2/-31

	DC_3A_n28A
	23
	+2/-31

	DC_3A_n40A
	23
	+2/-31

	DC_3A_n51A
	23
	+2/-31,5

	DC_3A_n77A
	23
	+2/-31,5

	DC_3A_n78A

DC_3A_n80A_ULSUP-TDM_n78A,

DC_3A_n80A_ULSUP-FDM_n78A
	23
	+2/-31,5

	DC_3A_n79A

DC_3A_n80A_ULSUP-TDM_n79A,

DC_3A_n80A_ULSUP-FDM_n79A
	23
	+2/-31,5

	DC_3A_n82A
	23
	+2/-31

	DC_5A_n40A
	23
	+2/-31,5

	DC_5A_n66A
	23
	+2/-31

	DC_5A_n78A
	23
	+2/-35

	DC_7A_n28A
	23
	+2/-31

	DC_7A_n51A
	23
	+2/-31,5

	DC_7A_n78A

DC_7C_n78A
	23
	+2/-35

	DC_8A_n40A
	23
	+2/-31,5

	DC_8A_n77A
	23
	+2/-35

	DC_8A_n78A

DC_8A_n81A_ULSUP-TDM_n78A,

DC_8A_n81A_ULSUP-FDM_n78A
	23
	+2/-35

	DC_8A_n79A

DC_8A_n81A_ULSUP-TDM_n79A,

DC_8A_n81A_ULSUP-FDM_n79A
	23
	+2/-35

	DC_11A_n77A
	23
	+2/-35

	DC_11A_n78A
	23
	+2/-35

	DC_11A_n79A
	23
	+2/-35

	DC_12A_n5A
	23
	+2/-3

	DC_12A_n66A
	23
	+2/-3

	DC_18A_n77A
	23
	+2/-35

	DC_18A_n78A
	23
	+2/-35

	DC_18A_n79A
	23
	+2/-35

	DC_19A_n77A
	23
	+2/-35

	DC_19A_n78A
	23
	+2/-35

	DC_19A_n79A
	23
	+2/-35

	DC_20A_n8A
	23
	+2/-3

	DC_20A_n28A

DC_20A_n83A
	23
	+2/-3

	DC_20A_n51A
	23
	+2/-35

	[...]
	
	

	DC_66A_n71A
	23
	+2/-3

	DC_66A_n78A, DC_66A_n86A_ULSUP-TDM_n78A,
DC_66A_n86A_ULSUP-FDM_n78A
	23
	+2/-35

	NOTE 1:
For thetransmission 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.
NOTE 5:
For measurements averaged over a measurement period of at least 20 ms with reference measuement channels specified in sub-clause A.2.2 in [36.101] for the MCG and subclause A.2 3 in [2] for the SCG, the lower tolerance limit for power class 3 is reduced by T = PPowerClass, EN-DC – 10 log10 {pLTE + 0.2(pPowerClass, EN-DC – pLTE )} with pLTE the linear value of the configured PLTE ≤ PPowerClass, EN-DC


If the duty cycle 0.4 is exceeded the UE can reduce its configured maximum, down to the previous limit.
5 Proposal
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. It is proposed that changes can be implemented for PC3 already in Rel-15; an accompanying CR is supplied in [3].
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