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1. Background
In this contribution we propose inclusion into the 37.815 an update of Option 6 (same as the Option 2 “Reduce Tx power for LTE FDD UE” in the WF [1] that is used interchangeably). The modifications compared to the earlier proposal in [2] are that
1. the EN-DC power-class measurement procedure is not modified, i.e. the standard method for measurement over 1 ms is retained for [image: image2.png]EN—DC
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2. an increased EN-DC power above 23 dBm requires EN-DC PC2 indication

3. the total EN-DC power is capped at 26 dBm

4. a EN-DC PC3 indication means legacy FDD-TDD EN-DC operations (EN-DC power capped at 23 dBm)

The performance for UEs equipped with two PC3 PA is unchanged, while there is a slight reduction of the total power for UEs implemented with a PC2 in the TDD band since the total power is capped at 26 dBm. Additional UE capability signalling is not needed, and standard radio requirements apply. Moreover, the actual duty cycle need not be estimated by the UE and the method can be extended to UEs not supporting dynamic power sharing (the duty cycle used for determining the total EN-DC power is based on RRC signalling).
The objectives of the study on power class 2 (1 LTE FDD band + 1 NR TDD band) for EN-DC bands in Rel-16 are:

· Study how to introduce the new power class 2 (1 LTE FDD band + 1 NR TDD band) for EN-DC bands in Rel-16
· Study and define the power class for EN-DC under different power combination such as 23dBm LTE FDD+23dBm NR, 23dBm LTE FDD+26dBm NR in table 4.2-1.
· Table 4.2-1: Example of power class definition
	Case number
	EN-DC total power
	LTE maximum power
	NR maximum power

	Case 1
	26dBm
	23dBm
	23dBm

	Case 2
	26dBm
	23dBm
	26dBm

	NOTE1:
for case 1 and case 2, the duty cycles of NR TDD can be different.
NOTE2:
RAN4 study starts from case 1, but case 2 is not precluded.


· Study and define applicable scheme (UE Tx duty cycle) to prevent exceeding local regulatory limits such as SAR

· The example band combination for this study is DC_3A_n78n.
RAN4#90 agreed a way forward for PC2 FDD-TDD UE in [1]. One of the 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 provide a text proposal on Option 2 above for the associated TR 37.815 using the published version 0.0.1 as baseline. The text proposal is an update of [2] in accordance with the modifications above.
Next, we recall the discussion on the determination of the UL duty cycle from [2].
2. The duty cycle for Option 2 (a k a Option 6)  

TDM patterns are not necessarily needed for determination of the UL duty cycle for power-control purposes and concurrent UL transmissions on FDD and TDD can be supported for any EN-DC configuration. This also removes any requirements on BS coordination of TDM patterns between the CGs.
The UL duty cycle for setting the configured maximum power can be determined by the UE by considering
· the common TDD U/D patterns configured by RRC (static)

· dedicated UE patterns configured 
· SFI (slot format indicator) if sent
The actual UL transmissions determine the duty cycle. However, the UE can obtain an upper bound on the duty cycle by counting the UL slots/symbols and considering any flexible symbols as uplink, at least when a common pattern is configured (alternatively by subtracting all downlink slot/symbol durations from the pattern periodicity). This upper bound can be used for setting the configured maximum output power and can be determined in advance at the configuration of the NR serving cell.
The case for which a common U/D pattern is configured is the most straightforward. This pattern is indicated by the field tdd-UL-DL-ConfigurationCommon of the IE ServingCellConfigCommon in SIB1, which mean that an upper bound on the duty cycle can be determined already at EN-DC configuration. 
If in addition the UE is configured with a dedicated pattern by RRC signalling, this would not affect the upper bound if this bound includes the flexible symbols as potential uplink transmissions as described above.

For a case of Option 2 wherein the configured total maximum output power for EN-DC [image: image4.png]EN—DC
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 is dependent on the UL duty cycle, e.g. specified as follows (see the 38.101-3 v15.6.0 for more details):
For band combinations with the SCG in a TDD the UEs supporting dynamic power sharing 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 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.

The UE can determine the duty cycle uD for the configured maximum output power as follows (for a single CC)
The UE determines the 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. 

Alternatively, the total EN-DC can be specified as follows, enforcing a higher total output power subject to the tdd-UL-DL-ConfigurationCommon. indicated in system information,
For band combinations with the SCG in a TDD the UEs supporting dynamic power sharing 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 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.

This can in fact also be applied for UEs not supporting dynamic power sharing.
3
Proposal

It is proposed to include the text proposal below in the latest version of the TR 37.815. The method is referred to as “Scheme X” in the TP.
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6
SAR limits
6.1
General
Another way of defining an applicable scheme (UE Tx duty cycle) to prevent exceeding local regulatory limits such as SAR is the reduce the FDD power and use the common U/D pattern on the TDD to increase the power during TDD bursts whilst till meeting a 23 dBm average power needed for facilitating SAR compliance.
6.2
Case1 of power class 2

6.2.x
Scheme X (Reduce Tx power for LTE FDD UE)
In view of the SAR measurement procedures, the TDD (SCG) power during bursts can be increased by reducing power on the FDD UL (MCG), i.e. reduce its power “permanently”, and use a Tx duty cycle for the TDD UL based on the common U/D configuration sent in system information for increasing the total EN-DC power for EN-DC PC2 case 1 and case 2. 
The FCC has published guidance for SAR measurements of LTE devices in [3]. It is recognized 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 that when the UE is configured with EN-DC
1. a permanent power reduction like FDD can be used to enable higher power for TDD during bursts

2. together with a Tx duty cycle restriction for TDD to meet SAR requirements by setting the total power during TDD bursts such that the total (nominal) EN-DC power does not exceed 23 dBm averaged over at least one radio frame.
The “permanent” restriction PLTE is removed (released) when the EN-DC connection is released. A duty-cycle restriction on the FDD band is not needed, which facilitates compliance with existing guidance for SAR testing.
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 facilitating SAR for PC3. For PC2 a duty cycle must be assumed such that the average nominal power does not exceed 23 dBm. The EN-DC power class can be verified by a standard measurement per subframe (1 ms). The same applies to the maximum power per burst per CG to verify compliance with LTE and NR power classes. The following applies for both Case 1 and Case 2 in Table 4.2.1.

First we set PLTE < 23 dBm. For EN-DC PC2, 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 EN-DC PC2 and ΔPPowerClass = 0 dB for EN-DC PC3. Assuming a maximum duty cycle uD, then the NR maximum power during bursts must not exceed, with lower-case notions are in linear scale,
Pmax,NR = 10 log10 MIN {pPowerClass, NR , (pPowerClass, EN-DC /ΔpPowerClass, – pLTE ) / uD},
while making sure that the maximum power does not exceed the power class of the NR CG. This means that the total average power would 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 constrained by its power class.

In case the actual TDD UL duty cycle is less than uD the average total power is reduced, but the average NR power should not exceed

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

The above implies that the configured total EN-DC power during TDD bursts could be set up to
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 ≤ MIN{10 log10 [pLTE + MIN{pPowerClass, NR , (pPowerClass, EN-DC /ΔpPowerClass – pLTE ) / uD}], PPowerClass,EN-DC, PEMAX,EN-DC}
In case the TDD UL duty cycle exceeds uD when SFI is sent, then the maximum NR maximum power during the bursts could be reduced to 

(pPowerClass, EN-DC  / ΔpPowerClass – pLTE )

that is attained at 100% UL duty cycle. This means that the average total power is still PPowerClass, EN-DC  - ΔPPowerClass and the configured EN-DC power is set to
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  ≤  MIN{ PPowerClass,EN-DC  - ΔPPowerClass, PEMAX,EN-DC}
which is the existing limit in Rel-15. The procedure is illustrated in Figure 1.
[image: image13.png]FDD

Puuwx® = 10 10810 MIN {PPowerCiass, R , (PPowerClass, EN-DC / APPowerClass, ~ PLTE ) / UD, PEMAXEN-DC}

Pagxr < 10 10g10 MIN {prowerClass, NR , (PPowerClass, EN-DC / APPowerClass, — PLTE ), PEMAYX.EN-DC}

Pire





Figure 1: using FDD power to increase the TDD power during bursts for any power class.

The total EN-DC can be specified as follows, enabling a higher total output power subject to the common U/D configuration indicated in system information,

For band combinations with the SCG in a TDD the UEs supporting dynamic power sharing 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 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.
This can in fact also be applied for UEs not supporting dynamic power sharing. 
The UE must indicate EN-DC PC2 capability in order to increase the [image: image17.png]EN—DC
PEN-D



 , should EN-DC PC3 be indicated then
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 = MIN{ PPowerClass,EN-DC – ΔPPowerClass, PEMAX,EN-DC}
results regardless of pLTE and duty cycle consistent with legacy behavior. For EN-DC PC2 the same level results when uD = 1 regardless of any PLTE configuration. A fallback to this threshold could also be allowed when e.g. SFI is sent as discussed above.

The UL duty cycle uD for setting the configured maximum power can be determined by the UE by considering

· the common TDD U/D patterns configured by RRC (static)

· dedicated UE patterns configured 

· SFI (slot format indicator) if sent

The actual UL transmissions determine the duty cycle. However, the UE can obtain an upper bound on the duty cycle by counting the UL slots/symbols and considering any flexible symbols as uplink, at least when a common pattern is configured (alternatively by subtracting all downlink slot/symbol durations from the pattern periodicity). This upper bound can be used for setting the configured maximum output power and can be determined in advance at the configuration of the NR serving cell.

The case for which a common U/D pattern is configured is the most straightforward. This pattern is indicated by the field tdd-UL-DL-ConfigurationCommon of the IE ServingCellConfigCommon in SIB1, which mean that an upper bound on the duty cycle can be determined already at EN-DC configuration. 

If in addition the UE is configured with a dedicated pattern by RRC signalling, this would not affect the upper bound if this bound includes the flexible symbols as potential uplink transmissions as described above.

The above example could be covered in the specifications as follows:
The UE determines the 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. 

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 (then the PLTE is released).

Next, we present examples of the performance expected using the proposed scheme. Unless otherwise stated, the baseline performance is UE indicating PC3; if PLTE = 22 dBm or the 22 dBm level is reached on the FDD CG without PLTE configuration, then the total output power is 23 dBm and the NR power can reach 16.1 dBm; any higher FDD power would allow dropping. We assume that Xscale = 6 dB.

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. 

We note that

1. a 4 dB increase of the NR CG represents a significant performance improvement on the SCG. Insufficient UL power on the NR CG is one of the biggest problems for achieving good UL performance for EN-DC, the UL power is lower due to concurrent LTE UL transmissons and the NR UL may even be dropped for short control information such as HARQ feedback. 

2. the NR DL performance would improve with improved NR UL feedback performance.

The only changes needed in RAN4 specifications are a modification of the total EN-DC power and specification of the determination of the associated duty cycle in the 38.101-3. There is no impact on the RAN1 and RAN2 specifications. For the conformance test specification, the test configurations for EN-DC PC3 can be reused.
6.2.2
Scheme Y
6.3
Case2 of power class 2

6.3.x
Scheme X (Reduce Tx power for LTE FDD UE)
The considerations in section 6.2.x for case 1 are also apply for case 2.
For both Case 1 and Case 2, a UE must indicate EN-DC PC2 for the band combination. However, a UE indicates NR PC3 for Case 1 and NR PC2 for Case 2 in its NR capability for the relevant NR band, respectively.

Next some numerical examples of the performance of a EN-DC PC2 Case 2 (PC2 on SCG) with a 20% UL 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 increased from 16 to 23.2 dBm with LTE at full power as compared to the provisions of the current specification. There would be no NR dropping.

· for PLTE = 21 dBm and uD = 0.2 the configured total output power be set at 26 dBm, the NR power can be increased from 16 to 24.4 dBm with LTE at full power as compared to the provisions of the current specification (an increase from 18.6 to 24.4 dBm w r t a PLTE = 21 dBm baseline)..

The example duty cycles of 0.4 for Case 1 above and 0.2 for Case 2 would cover several LTE U/D configurations in coexistence scenarios with LTE TDD, notably U/D configurations 1 and 2 without UL in the special subframe.
6.3.2
Scheme Y
7
Rx sensitivity degradation (if applicable)
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