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1. Introduction

The EN-DC High Power UE including 1 LTE FDD band and 1 NR TDD band has been discussed in last RAN4 meeting. A wayforward to summarize the initial aspects for the FDD+TDD EN-DC was approved [1].
For the PC2 FDD-TDD HPUE

- Consider re-using MaxUplinkDutyCycle mechanism with weighting function between LTE and NR to constrain the overall weighted Tx duty cycle

- The PC2 FDD-TDD HPUE will fallback to PC3 if the network configuration exceed the MaxUplinkDutyCycle

- How to apply the uplink duty cycle capability can be further studied

- Further study the following solutions to meet the overall uplink duty cycle for the PC2 FDD-TDD HPUE, starting from case 1

- Option 1: Reduce Tx time for LTE FDD UL

- 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 UL

- Other options are not precluded

- Companies are encouraged to check if option 1 and option 2 are applicable in the SAR requirement

- Study the Rx desense requirements for DC_3_n78, starting from case 1

- The power combinations for Rx desense requirements are agreed as follows.
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In this contribution, we further discuss some issues based on the guideline from the approved wayforward.
2. Discussion
2-a. The applicability of the SAR requirement
Several solutions for the PC2 FDD-TDD HPUE to meet the SAR requirement were discussed during last RAN4 meeting. As addressed in the wayforward, one option is to reduce Tx time for LTE FDD UL, another option is to reduce Tx power for LTE FDD UL. However, some questions were raised, whether the solutions can be applied when testing the SAR requirement.
Here we would like to show some evidence that we believe both options can be applied in the SAR test.
First, the Specific Absorption Rate (SAR) requirements and regulations in different regions have been studied in ETSI TR 134 925 V3.0.0 [2]. In the TR, the characteristics of the SAR test procedure were summarized as below.
Section 4.2.2 in TR 134 925 V3.0.0: 
	The most important characteristics of this procedure are: 
• Automatic E-field probe measurements using isotropic miniature probe. 
• Adult-sized and anatomically shaped plastic shell head model filled with a liquid that simulates human head tissue. Hand excluded. 
• Test in a normal use position. Measurements at both left and right ear. 
• Test with antenna both fully extended and fully retracted (if applicable). 
• Measurements at maximum output power and at three frequencies (low, center, high) of all used bands and with all different antennas. 
• Internal RF transmitter and power supply (no external connections).
 • No time averaging unless the radio signal has a deterministic power variation (for example TDMA signals which have well defined duty factors). For CDMA a CW signal may be used.
 • The total measurement uncertainty should be less than about 30%. 
• The device is in compliance with the exposure guidelines if the measured maximum SAR value is less than localized SAR limit.


Since the text above is just the summary from the study. Below we provide the related section of the FCC document for SAR requirement.
FCC document 47 CFR Ch. I (10–1–11 Edition) section § 2.1091: 
	§ 2.1091 Radiofrequency radiation exposure evaluation: mobile devices. 
-- text omitted --

(1) For purposes of analyzing mobile transmitting devices under the occupational/controlled criteria specified in §1.1310 of this chapter, time-averaging provisions of the guidelines may be used in conjunction with typical maximum duty factors to determine maximum likely exposure levels.

(2) Time-averaging provisions may not be used in determining typical exposure levels for devices intended for use by consumers in general population/uncontrolled environments as defined in §1.1310 of this chapter. However, ‘‘source-based’’ time-averaging based on an inherent property or dutycycle of a device is allowed. An example of this is the determination of exposure from a device that uses digital technology such as a time-division multiple-access (TDMA) scheme for transmission of a signal. In general, maximum average power levels must be used to determine compliance.


Based on the information above, it is observed that though in general, the maximum output power needs to be set in the SAR test, but “source-based” time-average is allowed based on an inherent property or duty cycle of a device. It is clear that by specifying a deterministic way to reduce Tx time for LTE FDD UL in PC2 FDD-TDD HPUE, “source-based” time-average method can be applied. So regarding whether reducing Tx time or Tx power for LTE FDD UL can be used to address the SAR issue, we believe that both options can be applied.
Observation 1: Regarding whether reducing Tx time or Tx power for LTE FDD UL can be used to meet the overall uplink duty cycle for the PC2 FDD-TDD HPUE with the consideration of the SAR issue, both options are applicable in the SAR test procedure.
Proposal 1: to confirm that both reducing Tx time or Tx power for LTE FDD UL can be applied for the PC2 FDD-TDD HPUE to address the SAR issue.
2-b. MaxUplinkDutyCycle mechanism for PC2 FDD-TDD HPUE
In the wayforward [1], it is agreed to consider re-using MaxUplinkDutyCycle mechanism with weighting function between LTE and NR to constrain the overall weighted Tx duty cycle for the PC2 FDD-TDD HPUE. Here we repeat some part of the discussion for the MaxUplinkDutyCycle mechanism from our previous contribution [4]. 
The MaxUplinkDutyCycle mechanism can be applied for the PC2 FDD-TDD HPUE with the following equation from [5].
·  DutyEN = DutyLTE *( PLTE/ P26) + DutyNR *(PNR/ P26), DutyEN  ≤ MaxUplinkDutyCycle
PLTE, PNR, P26 represent the maximum linear power (mW) of LTE, NR, and EN-DC power class 2 respectively; DutyLTE, DutyNR, DutyEN represent the normalized uplink duty cycle of LTE, NR and EN-DC respectively. MaxUplinkDutyCycle represents the upper limit for the UL duty cycle of PC2 EN-DC.
Note that this mechanism can be applied to the solutions including reducing LTE UL time, reducing LTE UL power , and reducing both LTE UL time and UL power. Same equation can also be applied to both 23+23 dBm and 23+26dBm PC2 FDD + TDD HPUE. 
 Regarding how to setup the UE capability for the uplink duty cycle, we think one capability for the EN-DC overall maximum uplink duty cycle is enough to describe how much power UE can handle to meet the SAR requirement. With the knowledge of the duty cycle and the maximum power for LTE and NR, UE can easily check whether current setting can meet the overall maximum uplink duty cycle. If we set different UL duty cycle capabilities for LTE and NR, the two capabilities will be dependent on each other and might lose some flexibility for the overall operation.
Proposal 2: One capability for the overall EN-DC maximum uplink duty cycle is considered for the MaxUplinkDutyCycle mechanism in the PC2 FDD-TDD HPUE operation.
2-c. Solutions to meet the overall UL duty cycle
In the agreed wayforward, two options has been considered to meet the overall UL duty cycle.

- Option 1: Reduce Tx time for LTE FDD UL

- 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 UL

- Other options are not precluded

Here we provide the preliminary comparison between option 1 and option 2 with the consideration of the LTE uplink link budget in table 1.
Table 1: Comparison between option 1 and option 2 to meet the overall UL duty cycle for PC2 FDD-TDD HPUE

	Link budget setting for LTE
	LTE frequency 1800MHz, channel BW = 20MHz, Required UL data rate = 1Mbps,
Dense Urban scenario

	UL duty Cycle & power setting
	Overall PC2 maximum UL duty cycle = 50%, TDD NR UL duty cycle = 25% (DL:UL=3:1)
Maximum UL power for NR = 23dBm

	Comparison scheme
	LTE only
(assuming 23dBm LTE UL)
	Option 1
(LTE 23dBm UL with 75% duty cycle)
	Option 2
(LTE 21.74dBm UL with 100% duty cycle)
	LTE + NR EN-DC
(assuming 20dBm LTE UL)

	Cell radius ratio
	1.17826
	1.1028
	1.0995
	1


As in Table 1, both options have similar result in terms of the UL coverage on LTE.
Observation 2: Regarding the UL coverage for reducing Tx time or Tx power for LTE FDD UL in the PC2 FDD-TDD HPUE operation, both options result in similar performance under the scenario in Table 1.
However, regarding whether to choose option 1 or option 2, i.e. to reduce Tx time or reduce Tx power for LTE FDD UL, we prefer option 1, since option 2 can be implicit under the fallback mechanism which means the UE doesn’t need to reduce the Tx power explicitly. With the knowledge of the duty cycle setting for FDD LTE and TDD NR respectively from the network and the assumption that the maximum NR UL power is as same as the NR power class, the UE can derive the maximum available LTE UL power. And the UE is allowed to reduce the maximum power by implementing another ΔPPowerClass_FDD-TDD in the LTE configured maximum output power. The ΔPPowerClass_FDD-TDD here represents the power difference between the original LTE maximum output power 23dBm and the adaptive LTE maximum output power PLTE after the calculation. 
PLTE = [MaxUplinkDutyCycle - DutyNR*(PNR/ P26) ]*P26/DutyLTE,
ΔPPowerClass_FDD-TDD  
= PPowerClass – 10*log(PLTE)  

if PLTE > 0

 = PPowerClass – 0 dBm



if PLTE <= 0

PPowerClass is the maximum LTE UE power for the power class, 23dBm in this case.
But to avoid some weird configuration, the UE shall ignore the configuration and fallback to PC3 operation if ΔPPowerClass_FDD-TDD  is larger than XdB. X can be further discussed.
Note that the network can set the LTE duty cycle to be 100%, and then it is similar as the option 2.
Proposal 3: Consider the following solution to meet the overall maximum UL duty cycle for PC2 FDD-TDD UE:


3-a: Consider a duty cycle setting up to 100% on FDD UL from the network


3-b: An adaptive LTE maximum UL power is considered to meet the overall maximum UL duty cycle with the consideration of setting the maximum NR UL power as same as the NR power class

3-c: Consider to set a parameter in the LTE configured maximum output power for the maximum LTE UL power difference between the original FDD LTE maximum UL power 23dBm and the adaptive LTE maximum UL power
3. Conclusion
In this contribution, we further discuss the EN-DC High Power UE including 1 LTE FDD band and 1 NR TDD band, and some observations and proposals are made below.
Observation 1: Regarding whether reducing Tx time or Tx power for LTE FDD UL can be used to meet the overall uplink duty cycle for the PC2 FDD-TDD HPUE with the consideration of the SAR issue, both options are applicable in the SAR test procedure.

Observation 2: Regarding the UL coverage for reducing Tx time or Tx power for LTE FDD UL in the PC2 FDD-TDD HPUE operation, both options result in similar performance under the scenario in Table 1.

Proposal 1: to confirm that both reducing Tx time or Tx power for LTE FDD UL can be applied for the PC2 FDD-TDD HPUE to address the SAR issue.
Proposal 2: One capability for the overall EN-DC maximum uplink duty cycle is considered for the MaxUplinkDutyCycle mechanism in the PC2 FDD-TDD HPUE operation.
Proposal 3: Consider the following solution to meet the overall maximum UL duty cycle for PC2 FDD-TDD UE:


3-a: Consider a duty cycle setting up to 100% on FDD UL from the network

3-b: An adaptive LTE maximum UL power is considered to meet the overall maximum UL duty cycle with the consideration of setting the maximum NR UL power as same as the NR power class

3-c: Consider to set a parameter in the LTE configured maximum output power for the maximum LTE UL power difference between the original FDD LTE maximum UL power 23dBm and the adaptive LTE maximum UL power
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