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Title: 	EN-DC duty Cycle for FR1
Document for:	Approval

Background (only for info) 
FR1 NR HPUE SAR solution

Several solutions have been introduced in [1][2][3]:
Option 1: PC2 UE will fall back to PC3 when the scheduled UL duty cycle exceeds maxUplinkDutyCycle. 
Option 2: Modify the MPR definition for PC2 to increase by 3 dB when the scheduled UL duty cycle exceeds maxUplinkDutyCycle.
Option 3: Apply the P-MPR when the scheduled UL duty cycle exceeds maxUplinkDutyCycle.

In RF chairman minutes:
Agreement: RAN4 takes the option 1 for Rel15.

FR1 EN-DC HPUE scope
Intra-band EN-DC combinations in TS38.101-3:
[bookmark: _Toc518912812]6.2B.1.1	Intra-band contiguous EN-DC
The following UE Power Classes define the total maximum output power for any transmission bandwidth(s) of the CG(s) configured.
The maximum output power is measured as the total maximum output power across the UE antenna connector(s). The period of measurement shall be at least one sub frame.
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

	NOTE 1:	If all transmitted resource blocks over all component carriers are confined within FUL_low and FUL_low + 4 MHz or/and FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB



[bookmark: _Toc518912813]6.2B.1.2	Intra-band non-contiguous EN-DC
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

	NOTE 1:	If all transmitted resource blocks over all component carriers are confined within FUL_low and FUL_low + 4 MHz or/and 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:	Only single switched UL is supported in Rel.15



RAN2 status
In RAN2, power class 2 was supported in band combinations in TS38.331 as below.
BandCombination ::= 				SEQUENCE {
	bandList						SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BandParameters,
	featureSetCombination				FeatureSetCombinationId,
	...，
	powerClass-v15xy					ENUMERATED {pc2}					OPTIONAL
}


Open issues

FR1 EN-DC HPUE SAR
Question: 
· Do we need to define solutions for intra-band EN-DC HPUE SAR issue in RAN4 spec?
Discussion:
[bookmark: _GoBack]
Agreement:
RAN4 will specify solutions to EN-DC HPUE SAR issue in the spec.

TDD EN-DC UL/DL config

In [7], following agreements were made for EN-DC synchronous and asynchronous definitions in Rel-15:
	· 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.



Question: Does NR UL duty cycle will always be same as LTE?


Discussion:
Chair: The subframe for LTE is DL then in NR it will be DL, and also if the LTE subframe is UL then NR symbols will be UL. But for the special subframe in LTE, NR can use UL or DL.
CMCC: The GP in special subframe in LTE can be used to UL/DL in NR.

Agreements:
NR UL duty cycle will not always be same as LTE.

Solutions
Potential solutions:
· Option 1: Reuse solution in NR SA HPUE. 
From [4]: 
	· Based on the discussion in single band NR HPUE, the maxUplinkDutyCycle mechanism potentially can be reused in EN-DC HPUE. One difference is that LTE and NR are simultaneously transmission in EN-DC HPUE.

· EN-DC HPUE is restricted to intra-band contiguous or non-contiguous scenario. From UE design perspective, most likely LTE and NR will use the same antennas. SAR effects is expected to be same for LTE and NR when the power is same.

· For single band NR HPUE, the maxUplinkDutyCycle defined is related to the 26dBm maximum output power. With similar logic, maxUplinkDutyCycle can also be defined for intra-band EN-DC HPUE with total power transmit at 26dBm.

· The averaged UL duty cycle scheduled for LTE and NR should not exceed maxUplinkDutyCycle capability.





	· PLTE*DutyLTE + PNR*DutyNR = P26*DutyEN < SAREN
· PLTE + PNR = P26
· DutyEN = DutyLTE*( PLTE/ P26) + DutyNR *(1- PLTE/ P26)  => Weighted Average
· DutyEN  ≤ maxUplinkDutyCycle

· If PLTE = PNR = 23dBm
· Then DutyEN = (DutyLTE + DutyNR)/ 2
· (ULNR-max + ULLTE)/2  ≤ maxUplinkDutyCycle



· Option 2: Use MPR solution.
· Note: There is no MPR definition in the spec for EN-DC.

· Option 3: Use P-MPR solution

· Other solutions

· 

Discussion:
Chair: Can we reuse the SA HPUE solutions to solve ENDC intra-band HPUE SAR issue?
Qualcomm: Is Plte and Pnr dB values or liner value?
Chair: Should be linear value.
CMCC: How to handle LTE=26, and NR=23, Total=26dBm?
Chair: The total should be 26dBm for power class 2.
Qualcomm: The assumption should be for intra-band ENDC.
Chair: Yes.
Ericsson: Is this solution only for 26dBm?
Chair: Yes, only for PC2.
Ericsson: When doing the test does LTE need to be configured beyond config 0 and 6? P-MPR should also be allowed to be used.
Qualcomm: Is this valid for UE support dynamic power sharing or not?
Chair: It can be used for both dynamic and non-dynamic power sharing.
Ericsson: We agree with chair.
CMCC: In LTE the maximum config is 50% which means config 0 and 6 will be not allowed to be used for HPUE. Does this will be available in this method?
Chair: Yes.
Qualcomm: In reality the power UE transmits may be lower than 26dBm, like AMPR may be used which could be even 3dB.
Chair: This limitation of UL duty cycle is only for the maximum power.
Sprint: The duty cycle should not impact the AMPR. Need to check.
Ericsson: The config of LTE already defined as config 0 and 6. We need to take into account when defining the behavior. We need further study the impact to other things.
Qualcomm: If we do not define solutions will there be problems?
Chair: There is some discussions already in the past that this solution is needed for meeting SAR issue.
Qualcomm: We should not rush to a solution. Need further study.
Chair: Yes.
Ericsson: We can use the configurations other than 0 and 6, which is easier. And NR duty cycle less than 50% and behiviour when duty cycle exceeds can be discussed next meeting. Then we have baseline requirement for the spec.
Chair: It is possible for testing, but not for UE in the real network.

Agreement:
Further study is needed.

Draft CRs
From [5]: 
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

	NOTE 1:	If all transmitted resource blocks over all component carriers are confined within FUL_low and FUL_low + 4 MHz or/and FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB



If a UE supports a different power class than the default UE power class for the EN-DC band combination and the supported power class enables the higher maximum output power than that of the default power class:
-	if the field of EN-DC UE capability maxUplinkDutyCycle is absent and the averaged LTE and NR percentage of uplink symbols transmitted in a certain evaluation period is larger than 50%  (The exact evaluation period is no less than one radio frame); or
-	if the field of EN-DC UE capability maxUplinkDutyCycle is present and the averaged LTE and NR percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle as defined in TS 38.331 (The exact evaluation period is no less than one radio frame); or
-	if the IE p-maxUE-FR1  as defined in TS 38.331 [7] is not provided; or
-	if the IE p-maxUE-FR1 as defined in TS 38.331 [7] is provided and set to the maximum output power of the default power class or lower;
-	apply all requirements for the default power class and set the configured transmitted power as specified in sub-clause 6.2B.4;
-	else (i.e the IE p-maxUE-FR1 as defined in TS 38.331 [7] is provided and set to the higher value than the maximum output power of the default power class and the averaged LTE and NR percentage of uplink symbols transmitted in a certain evaluation period is less than or equal to maxUplinkDutyCycle as defined in TS 38.331; or the IE p-maxUE-FR1 as defined in TS 38.331 [7] is provided and set to the higher value than the maximum output power of the default power class and the averaged LTE and NR percentage of uplink symbols transmitted in a certain evaluation period is less than or equal to 50% when maxUplinkDutyCycle is absent. The exact evaluation period is no less than one radio frame):
-	apply all requirements for the supported power class and set the configured transmitted power class as specified in sub-clause 6.2B.4;

Discussion:

Agreement:

LS To RAN2
· [bookmark: _Hlk526756855]From [6]: 
	1. Overall Description: 
RAN4 has introduced the FR1 intra-band EN-DC power class 2 in Band n41 in Rel-15 and noticed this power class has also been supported by RAN2 TS38.331 spec. In order to solve intra-band EN-DC power class 2 UE SAR (Specific Absorption Rate) issue, RAN4 agreed to extend the UE capability of maxUplinkDutyCycle to power class 2 EN-DC band combinations. The definition and usage of maxUplinkDutyCycle in intra-band EN-DC is similar as previous LS R4-1805786 and R4-1808197 with following difference:
· The intra-band EN-DC power class 2 UE maxUplinkDutyCycle capability is reported to indicate the maximum averaged LTE and NR percentage of uplink transmission time that can be scheduled within certain window length to ensure compliance with applicable electromagnetic energy absorption requirements provided by regulatory bodies.
· When the averaged LTE and NR percentage of uplink transmission time scheduled by the network within certain window length is larger than its capability, the requirements for FR1 intra-band EN-DC power class 2 are not applicable, and the corresponding requirements for a FR1 power class 3 UE shall apply.
· The maxUplinkDutyCycle can be reported as a per band combination capability for intra-band EN-DC power class 2 UE.



Discussion:


Agreement:
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