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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
WI [1] was approved, in which PC3 SUL band + PC2 NR TDD band SAR issue is one of the topic.

	For SUL configurations with power class 2 on NUL and power class 3 on SUL, specify the scheme, which is not based on UE implementation only, to comply with SAR limits 
1) The power class under consideration is shown below
	UE power class on SUL band
	UE power class on NR TDD band

	23dBm
	26dBm


2) Design the UE capability report signalling



This paper continue discuss this aspect.

2 Discussion
2.1 The normal handling of SAR
Up to now reporting of maxUplinkdutycycle is widely used in many HPUEs, like SA, TDD+TDD EN-DC, FDD+TDD EN-DC. The main idea is to make NW aware of this UL scheduling restriction and allow UE to do power back off when the scheduled UL duty cycle exceeds this capability.

In SA, HPUE will report maxUplinkdutycycle capability per band. In TDD+TDD EN-DC, the maxUplinkdutycycle capability is reported for NR TDD band based on the LTE TDD UL/DL configuration got in SIB. And in FDD+TDD EN-DC one of the solution under discussion now is reporting the maxUplinkdutycycle capability for NR TDD band based on the predefined two reference UL duty cycle in FDD band.

Observation 1:   Reporting of maxUplinkdutycycle was widely used to solve HPUE SAR issues.

2.2 Possibility of reusing EN-DC SAR solutions

The SUL+NR TDD band in principle can also rely on some kind of maxUplinkdutycycle capability considering the characteristics of SUL+ NR band. For example, SUL and NR band are switched transmission, or in other words, non-simultaneous transmission. 

· Firstly, let’s see whether the TDD+TDD EN-DC scheme can be reused

The TDD+TDD EN-DC scheme is rely on the fixed LTE TDD UL duty cycle. But considering SUL band transmission is dynamically scheduled by DCI, the TDD+TDD EN-DC scheme which requires the SUL band fix its UL transmission duty cycle seems cannot be applied directly.

Observation 2:   In TDD+TDD EN-DC, the maxUplinkdutycycle was reported based on fixed LTE TDD UL/DL configuration.

Observation 3:   SUL is DCI dynamic scheduling transmission, and there is no fixed UL duty cycle.

Observation 4:   The TDD+TDD EN-DC SAR scheme cannot be reused directly.


· Then, let’s see the FDD+TDD EN-DC scheme

The FDD+TDD EN-DC scheme which report NR TDD band duty cycle capability is based on two reference FDD band duty cycle also has some noticeable drawbacks since the reported capability is only correct when FDD band is scheduled at the reference duty cycle. It is apparently unrealistic to ask FDD NW always transmit at the two reference duty cycle (40% and 70%). This makes the UE reported NR TDD duty cycle capability in most of the time is inaccurate and degrade the system performance. It was considered a stop gap solution to complete the FDD+TDD EN-DC SI especially considering the SI was extended for several meetings and even now the WI still has much difficulty in make decision on the final SAR solution. Therefore, it is proposed not to directly reuse this legacy solution from the beginning instead SUL should be fully considered.

Observation 5:   The FDD+TDD EN-DC scheme is based on two reference FDD band duty cycle which makes the reported NR TDD capability can only be accurate in these two FDD duty cycle points.

Proposal 1:        SUL SAR solutions should be fully considered rather than directly reuse the legacy TDD+TDD or FDD+TDD EN-DC duty cycle SAR solutions due to possible degraded system performance.

2.2 Alternative SUL SAR solutions

Comparing to EN-DC HPUE, the SUL band combination has its special power transmission characteristics:
· The SUL band and NR band are non-simultaneous transmission
· The power class defined for SUL band and for NR band separately
· NR TDD band already reports the maxUplinkdutycycle in SA

Observation 6:   SUL has its own special characteristics, i.e. non-simultaneous transmission with NUL, separate power class defined, and already reported NR TDD band duty cycle capability.

With above three conditions, the most straightforward approach is to reuse the maxUplinkdutycycle in NR TDD band, and further take SUL impact into account like asking UE further report the maxUplinkdutycycle for SUL band, and then combine these two capability together. 

Observation 7:   One straightforward approach is to reuse the NR TDD band maxUplinkdutycycle, and further report the maxUplinkdutycycle for SUL band, and then combine these two capability together.

An example is shown below:

Define:
· DutyTDD= maxUplinkdutycycle for TDD band
· This is the already defined duty cycle capability in Rel-15, which is the maximum UL duty cycle that can be scheduled for NR TDD band under 26dBm

· DutySUL = maxUplinkdutycycle for SUL band
· This is the newly defined duty cycle capability for SUL band under 26dBm
· This capability is half of the max duty cycle that can be scheduled when SUL transmit at 23dBm

· Ttdd
· This is the scheduled duty cycle for TDD band

· Tsul
· This is the scheduled duty cycle for SUL band

When SUL transmit at 23dBm, NR TDD transmit at 26dBm, then

· NR TDD transmit time percentage: 

· SUL band transmit time percentage: 


Then when the following time averaged duty cycle capability is not met, UE will do power class back off as other HPUE has done.



In this simple approach, what needs to be defined is the maxUplinkdutycycle for SUL band, and reuse the already reported NR TDD band duty cycle capability.

The benefit is NR TDD and SUL band can be scheduled with much more flexibility and no longer need to be restricted to one or two duty cycles.

Observation 8:   With SUL band duty cycle capability further reported, the SUL+NR TDD SAR can be solved by simple time average of the SUL band and NR TDD band duty cycle capability.

Observation 9:   NR TDD and SUL band can be scheduled flexibly and no longer be restricted to one or two fixed duty cycles.


Proposal 2:        Report maxUplinkdutycycle for SUL band under 26dBm.

Proposal 3:        Restrict the SUM of scheduled UL transmission time for SUL band and NR band below the time averaged duty cycle capability as below.


In which 
· DutyTDD is the already defined duty cycle capability for NR TDD band in Rel-15;
· DutySUL is the newly defined duty cycle capability for SUL band under 26dBm;
· Ttdd is the scheduled duty cycle for TDD band;
· Tsul is the scheduled duty cycle for SUL band;
· TDD% is the NR TDD transmit time percentage comparing to the total transmit time;
· SUL% is the SUL transmit time percentage comparing to the total transmit time; 


3 Conclusion

2.1 The normal handling of SAR

Observation 1:   Reporting of maxUplinkdutycycle was widely used to solve HPUE SAR issues.

2.2 Possibility of reusing EN-DC SAR solutions

Observation 2:   In TDD+TDD EN-DC, the maxUplinkdutycycle was reported based on fixed LTE TDD UL/DL configuration.

Observation 3:   SUL is DCI dynamic scheduling transmission, and there is no fixed UL duty cycle.

Observation 4:   The TDD+TDD EN-DC SAR scheme cannot be reused directly.

Observation 5:   The FDD+TDD EN-DC scheme is based on two reference FDD band duty cycle which makes the reported NR TDD capability can only be accurate in these two FDD duty cycle points.

Proposal 1:        SUL SAR solutions should be fully considered rather than directly reuse the legacy TDD+TDD or FDD+TDD EN-DC duty cycle SAR solutions due to possible degraded system performance.

2.2 Alternative SUL SAR solutions

Observation 6:   SUL has its own special characteristics, i.e. non-simultaneous transmission with NUL, separate power class defined, and already reported NR TDD band duty cycle capability.

Observation 7:   One straightforward approach is to reuse the NR TDD band maxUplinkdutycycle, and further report the maxUplinkdutycycle for SUL band, and then combine these two capability together.

Observation 8:   With SUL band duty cycle capability further reported, the SUL+NR TDD SAR can be solved by simple time average of the SUL band and NR TDD band duty cycle capability.

Observation 9:   NR TDD and SUL band can be scheduled flexibly and no longer be restricted to one or two fixed duty cycles.

Proposal 2:        Report maxUplinkdutycycle for SUL band under 26dBm.
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Proposal 3:        Restrict the SUM of scheduled UL transmission time for SUL band and NR band below the time averaged duty cycle capability as below.


In which 
· DutyTDD is the already defined duty cycle capability for NR TDD band in Rel-15;
· DutySUL is the newly defined duty cycle capability for SUL band under 26dBm;
· Ttdd is the scheduled duty cycle for TDD band;
· Tsul is the scheduled duty cycle for SUL band;
· TDD% is the NR TDD transmit time percentage comparing to the total transmit time;
· SUL% is the SUL transmit time percentage comparing to the total transmit time; 


