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1 Introduction

Intra-band EN-DC HPUE has been introduced in the spec in n41. About how to make sure UE will not exceed the SAR requirements have been discussed in [1] and [2] in Chengdu meeting. This paper further discussed about this issue.
Table 6.2B.1.1-1: Maximum output power for EN-DC (continuous sub-blocks)

	DC configuration
	Power class 2 (dBm)
	Tolerance

(dB)
	Power class 3

(dBm)
	Tolerance

(dB)

	DC_(n)71B
	
	
	23
	+2/-3

	DC_(n)41AA
	26
	+2/-21
	23
	+2/-21


Table 6.2B.1.2-1: Maximum output power for EN-DC (non-continuous sub-blocks)

	DC configuration
	Power class 2

(dBm)
	Tolerance

(dB)
	Power class 3

(dBm)
	Tolerance

(dB)

	DC_3A_n3A(2)
	
	
	23
	+2/-3

	DC_41A_n41A
	26
	+2/-21
	23
	+2/-21


2 Discussion
2.1 Reuse LTE solution
During the EN-DC duty Cycle for FR1 adhoc, several issues have been discussed and it was recognized that in RAN4#84bis meeting, the WF on synchronous and asynchronous definitions for LTE-NR DC in Rel-15 was agreed [3], in which the UL/DL configuration synchronization was required for intra-band EN-DC to avoid the UL/DL interference.
	· For TDD-TDD case, 

· Synchronous DC operation as well as NR DL/UL resource assignment to avoid DL/UL interference with LTE TDD is needed for intra-band LTE-NR DC.


Since the “gap” in the LTE special sub-frame can be used for NR UL or DL transmission. It is recognized that the NR UL duty cycle will not always be same as LTE. How much difference it will be need to be evaluated.
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In LTE, there are 9 special sub-frame configurations. If the GP and UpPTS in special subframe are used for NR UL transmission, then the max UL percentage of among all the sub-frame configurations will be 78.6% as shown in table 1.
Table 1 LTE special sub-frame configurations and the max UL percentage

	Special sub-frame Config
	DwPTS
	GP
	UpPTS
	Max UL percentage if GP is used for UL transmission in NR

	0
	3
	10
	1
	78.6%

	1
	9
	4
	
	35.7%

	2
	10
	3
	
	28.6%

	3
	11
	2
	
	21.4%

	4
	12
	1
	
	14.3%

	5
	3
	9
	2
	78.6%

	6
	8
	3
	
	35.7%

	7
	10
	2
	
	28.6%

	8
	11
	1
	
	21.4%


By taking the special sub-frame “Gp” and “UpPTS” into account, the max NR UL percentage will be as shown in the last column of table 2. Under LTE configuration 0, 1 and 6 the UL percentage will exceed 50%.
Table 2 NR max UL percentage of all the configurations
	UL/DL
configuration
	Sub-frame number
	LTE UL percentage
	Max NR UL percentage considering “S” sub-frame

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	
	

	0
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U
	62.9%
	75.7%

	1
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D
	42.9%
	55.7%

	2
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D
	27.9%
	40.7%

	3
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D
	31.4%
	37.9%

	4
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D
	21.4%
	27.9%

	5
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D
	11.4%
	17.9%

	6
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D
	52.9%
	65.7%


For intra-band EN-DC HPUE, the total power is 26dBm, and there is no limitation of the power in each RAT, i.e. there is possibility that LTE maximum power will achieve 26dBm. Therefore, following LTE HPUE logic, excluding UL/DL configuration 0 and 6 seems to be reasonable.
For LTE UL/DL configuration 1, if all the power is on LTE then the averaged UL duty cycle is 43%, if all the power is on NR then the averaged UL duty cycle is 55.7%, i.e. the power weighted averaged UL duty cycle for intra-band EN-DC will between 43% and 55.7%. There is risk that UE will fail SAR requirement in UL/DL configuration 1.
Observation 1: There is risk that UE will fail SAR requirement in LTE UL/DL configuration 1 due to the weighted average UL duty cycle is in the range of 43% and 55.7%. The UL/DL configuration 1 is widely used in current TD-LTE network which is impossible to exclude this configuration.
Observation 2: Reuse LTE solution to avoid exceeding SAR regulation requirements by excluding certain UL/DL configurations is not feasible.
2.2 Reuse SA solution
Currently, the EN-DC HPUE is only defined for intra-band and SAR effects is expected to be same for LTE and NR when the power is same. In [1] and [2], reuse the SA maxUplinkDutyCycle capability was studied and the UL duty cycle for EN-DC intra-band can be calculated by the weighted average manner. The calculation is reproduced below from the meeting minutes [2].
	Define:
· PLTE is LTE linear power;

· PNR is NR linear power;

· P26 is the EN-DC power class 2 maximum linear power;
· DutyLTE is the LTE UL duty cycle;
· DutyNR is the NR UL duty cycle;
· DutyEN is the EN-DC weighted average UL duty cycle;
·  maxUplinkDutyCycle is the maximum UL duty cycle for intra-band EN-DC UE to support power class 2 in band x;
Then:
· PLTE*DutyLTE + PNR*DutyNR = P26*DutyEN
· PLTE + PNR = P26
· DutyEN = DutyLTE *( PLTE/ P26) + DutyNR *(1- PLTE/ P26)
· DutyEN  ≤ maxUplinkDutyCycle


The EN-DC UL duty cycle needs to be weighted by LTE and NR power to compensate for the different power levels in LTE and NR. When the EN-DC UL duty cycle exceeds the maxUplinkDutyCycle UE capability, power class fall back could be used to avoid exceeding SAR regulation requirements.
Observation 3: It is possible to reuse NR SA solution to handle intra-band EN-DC HPUE SAR issue.
Based on the above analysis, it is proposed to add UL duty cycle restrictions to intra-band EN-DC HPUE. The corresponding CR is [4], and the maxUplinkDutyCycle UE capability in RAN2 needs to be added to EN-DC band combinations.
Proposal 1: Reuse the maxUplinkDutyCycle mechanism to solve intra-band EN-DC HPUE SAR issue, and inform RAN2 to extend maxUplinkDutyCycle UE capability to EN-DC intra-band combinations.

3 Conclusion
Observation 1: There is risk that UE will fail SAR requirement in LTE UL/DL configuration 1 due to the weighted average UL duty cycle is in the range of 43% and 55.7%. The UL/DL configuration 1 is widely used in current TD-LTE network which is impossible to exclude this configuration.

Observation 2: Reuse LTE solution to avoid exceeding SAR regulation requirements by excluding certain UL/DL configurations is not feasible.
Observation 3: It is possible to reuse NR SA solution to handle intra-band EN-DC HPUE SAR issue.

Proposal 1: Reuse the maxUplinkDutyCycle mechanism to solve intra-band EN-DC HPUE SAR issue, and inform RAN2 to extend maxUplinkDutyCycle UE capability to EN-DC intra-band combinations.
The corresponding CR is R4-1814955.
The corresponding draft LS to RAN2 is R4-1814956.
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