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1. Introduction
In last RAN #82 meeting, an SI RP-182895 has been approved about high power UE for EN-DC with 1 LTE FDD Band + 1 NR TDD band. Since many issues related to HPUE are common across different combinations, the study item is to study the possibility of introducing power class 2 for EN-DC with 1 LTE FDD band + 1 NR TDD band in Rel-16, and applicable scheme to avoid SAR regulation problems, not precluding following the similar approach adopted for LTE or NR only HPUE in RAN4. However, considering E-UTRA and NR need sharing the transmit power in EN-DC mode, SAR solutions for high power UE for EN-DC may be different from those for NR SA and LTE only, besides introducing max UL duty.  
· 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.

	
	EN-DC total power
	LTE maximum power
	NR maximum power

	Case 1
	26dBm
	23dBm
	23dBm

	Case 2
	26dBm
	23dBm
	26dBm


Note: for case 1 and case 2, the duty cycles of NR TDD can be different.
· 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
· RF component reuse and sharing between power class 3 and power class 2 and for bands of similar frequency ranges shall be considered.  
· The example band combination for this study is DC_3A_n78.
In this document, we discuss the possibility and applicability for high power UE for EN-DC with 1 LTE FDD band + 1 NR TDD band.
2. Discussion
In Rel-15, for NR SA, high power UE was introduced for NR TDD band n41, n77, n78 and n79 as an optional feature. Meanwhile, for NR NSA UE, power class 2 is also supportable for some specific intra-band EN-DC combinations (e.g., DC_41A_n41A and DC_(n)41AA), while only power class 3 is available with MOP 23dBm for inter-band EN-DC of LTE and NR in FR1 for Rel-15. 
In order to avoid HPUE exceeding SAR regulation requirements, the maxUplinkDutyCycle was introduced in RAN4 spec as a per band capability. If UL duty cycle scheduled for HPUE exceeds the maxUplinkDutyCycle, then UE is allowed power class back off to avoid SAR problem. And for intra-band ENDC HPUE, restrictions were approved to be introduced in draft CR R4-1816621, which still followed the method of UL duty cycle for LTE HPUE.
For inter-band EN-DC, UE Power Class is defined as the maximum output power (MOP) for any transmission bandwidth within the aggregated channel bandwidth of DC band combination. If that is the case, for high power UE only total maximum output power is required as 26dBm. Generally, it is suggested that RAN4 just focus on Case 1 with 23dBm LTE FDD+23dBm NR maximum power in Rel-16. Due to the issues related to power balance/power control are still in a difficult discussion in RAN1/RAN2 and obvious limitations to UE implementation, there seems no opportunity for Case 2 with LTE maximum power 23dBm plus NR maximum power 26dBm to be defined in Rel-16. Only for EN-DC combination indicating single UL operation, Case 2 may become possible with single Tx on either NR or LTE considering UL duty restrictions, which could have low priority in later phase of this SI. 
Proposal 1: RAN4 shall focus on Case 1 with 23dBm NR maximum power in Rel-16. 
Observation 1: Case 2 with UE supporting only single UL transmission could have low priority and be studied in later phase.
Table 1: Two cases for maximum power of inter-band EN-DC HPUE
	
	EN-DC total power
	LTE maximum power
	NR maximum power

	Case 1
	26dBm
	23dBm
	23dBm

	Case 2
	26dBm
	23dBm
	26dBm


Thus, RAN4 can take in consideration that, such capability of single-UL-Transmission maybe need be mandatory for specific EN-DC bands e.g., DC_3_n78 with MSD problems. To avoid the high risk for such EN-DC UE implementation, we respectfully asks RAN4 to further optimize the solution, e.g. to consider making such UE capability of single-UL-Transmission mandatory in Rel-16.
Proposal 2: For Rel-16 UE, such capability of single-UL-transmission would need be mandatory for specific EN-DC bands, especially for high risk band e.g. DC_3_n78.

Table 2: MOP for exemplary inter-band EN-DC (two bands)

	DC configuration
	Power class 3

(dBm)
	Tolerance

(dB)
	Single UL 

	DC_1A_n77A
	23
	+2/-3
	DC_1_n77

	DC_1A_n78A
	23
	+2/-3
	No

	DC_1A_n79A
	23
	+2/-3
	No

	DC_3A_n77A
	23
	+2/-3
	DC_3_n77

	DC_3A_n78A
	23
	+2/-3
	DC_3_n78

	DC_3A_n79A
	23
	+2/-3
	No


Above are some exemplary combinations of inter-band EN-DC with two bands with 1 LTE FDD band plus 1 NR TDD band from Table 6.2B.1.3-1 and 5.2B.4.1-1 in 38.101-3. It is clear that single UL is already allowed for UE supportable of two band combinations as DC_1_n77, DC_3_n77 and DC_3_n78, which is an optional feature for Rel-15 UE. And for DC combination, different optional capabilities are defined such as single UL Transmission, dynamic Power Sharing and TDM-pattern. All related capabilities of inter-band EN-DC UE should be considered to meet the regulation requirement of SAR in Rel-16.
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Figure 1: UE capability information elements — MRDC-Parameters
Especially，for EN-DC configurations with UL/DL channel assignments that single UL is allowed, UE should meet the requirement of SAR requirement for all possible TDM patterns. How TDM pattern is defined and how to evaluate the total transmission power of UE supporting single UL with different TDM-patterns should be studied and clarified. And RAN1 and RAN2 should be informed of the impact on TDM-pattern if needed.
Proposal 3: Study the impact of TDM-pattern on SAR requirement for high power EN-DC UE supporting single UL, and send an LS to RAN1/2 to ask the impact on TDM-pattern if needed.
In addition, for inter-band EN-DC HPUE supporting simultaneously transmission, power sharing scheme and transmission mode may be varied conditionally. Especially, whether UE supports dynamicPowerSharing and when single UL is allowed, need to be discussed case by case. 
Based on the discussion for single band NR HPUE, the maxUplinkDutyCycle mechanism potentially can be reused for inter-band EN-DC HPUE. How to define the maxUplinkDutyCycle need to be further investigated, which may also have some impact on RAN1 or RAN2 spec.
Proposal 4:  MaxUplinkDutyCycle mechanism should be considered to be reused for inter-band EN-DC, and how to define it for different cases need to be further investigated.
3. Conclusion
We propose RAN4 can take the proposals in this document into account.
Observation 1: Case 2 with UE supporting only single UL transmission could have low priority and be studied in later phase.
Proposal 1: RAN4 shall focus on Case 1 with 23dBm NR maximum power in Rel-16. 
Proposal 2: For Rel-16 UE, such capability of single-UL-transmission would need be mandatory for specific EN-DC bands, especially for high risk band e.g. DC_3_n78.

Proposal 3: Study the impact of TDM-pattern on SAR requirement for high power EN-DC UE supporting single UL, and send an LS to RAN1/2 to ask the impact on TDM-pattern if needed.
Proposal 4:  MaxUplinkDutyCycle mechanism should be considered to be reused for inter-band EN-DC, and how to define it for different cases need to be further investigated.
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