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1 Introduction
In RAN4#98bis-e meeting, the SAR schemes for UE power class 2 NR inter-band CA and SUL configurations were discussed and a WF [1] was approved with the following candidate options for SAR schemes:

· Duty Cycle based solutions
· Report the total duty cycle capability per band combination with SARratio factor consideration and not need to report SARratio
· The Dutycycle threshold calculation procedure is based on formula (1), which is to be specified in the spec.
· DutyNR, x *( PNR,x/ P26)*SARratioNR, x + DutyNR, y *(PNR, y/ P26)* [SARratioNR, y ] ≤ Duty threshold (1)
· How to define the SARratio will be further discussed, considering but not limit to the following options
· Option 1: The SARratio calculation formula (2) could be a reference
[Formula (2): SARratioNR, x = 50%/DutycycleNR, x   ; SARratioNR, y =                            50%/DutycycleNR, y]

· Option 2: Depend on UE implementation
· “Blind scheme” solution can be discussed further
In this contribution, the issues in RAN4#98bis-e WF for PC2 inter-band NR CA with 2UL are discussed and the proposed solutions are introduced.
2 Discussion

In the SAR solution of SA single band, the maxUplinkDutyCycle-PC2-FR1 per band is specified [2]. When the duty cycle capability is not reported, the default duty cycle is 50%. Based on implementation, UE can report the max duty cycle capability to comply with the regulation. For each band, the antenna location, radiation pattern and switching need to be considered in the max duty cycle report. In the SAR compliance test, the ‘worst’ case is verified. For the antenna switching case, the SAR is verified for each antenna, and the max duty cycle is reported based on the ‘worst’ antenna.
	maxUplinkDutyCycle-PC2-FR1

Indicates the maximum percentage of symbols during a certain evaluation period that can be scheduled for uplink transmission so as to ensure compliance with applicable electromagnetic energy absorption requirements provided by regulatory bodies. This field is only applicable for FR1 power class 2 UE as specified in clause 6.2.1 of TS 38.101-1 [2]. If the field is absent, 50% shall be applied. Value n60 corresponds to 60%, value n70 corresponds to 70% and so on. This capability is not applicable to IAB-MT.
	Band
	No
	N/A
	FR1 only


Observation: The max duty cycle per band maxUplinkDutyCycle-PC2-FR1 is specified. And the factor impacted SAR is already considered per band. 
For the inter-band CA, the total SAR effect is the combination of SAR effect of each band. UE reports totally duty cycle per band combination based on formula (1):

DutyNR, x *( PNR,x/ P26)*SARratioNR, x + DutyNR, y *(PNR, y/ P26)* [SARratioNR, y ] ≤ Duty threshold (1)

The SAR effect on each band keeps the same no matter in single band or CA. Since the antenna location, antenna radiation pattern and antenna switch are already considered in max duty cycle report per band. It should be noted that SARratioNR here does not have be signaled, it can be derived from single band capability as formula (2) and the default value is 1 when some of bands don’t support PC2 or the maxUplinkDutyCycle-PC2-FR1 is not reported.

SARratioNR = 50%/DutycycleNR (2)

In this way, there is potential benefit in reducing SAR compliance effort. As the example shown in[3], for CA_n1A-n78A, in band n78 the maxUplinkDutyCycle-PC2-FR1 is reported as 60% as an assumption when supporting PC2, and in Band n1 no dutycycle is reported since Band n1 doesn’t support PC2. Then taking into the formula (2), the SARratioNR, n1 = 1; SARratioNR, n78 = 5/6. 
Assume total duty threshold is 50%, UE will meet SAR limits in there are 2 extreme cases:
 a) when UE transmit 100% dutycycle in band n1 and 0% dutycycle in band n78;
 b) when UE transmit 0% dutycycle in band n1 and 60% dutycycle in band n78;

 c) between case a) and case b).  

For the smartphone compliance, each band SAR compliance will be verified. In this example, the extreme cases a) and b) are verified in the single band SAR compliance. For the inter-band CA, at least the SAR verification for case a) and case b) can be avoided.
Proposal 1: To reuse the SA signal band SAR solution and save signaling overhead, SARratioNR = 50%/ maxUplinkDutyCycle-PC2-FR1 and the default value is 1 when some of bands don’t support PC2 or the maxUplinkDutyCycle-PC2-FR1 is not reported.
To further simply, the formula (1) can be specified as the following:
DutyNR, x *( PNR,x/ P26)*SARratioNR, x /SARratioNR, y  + DutyNR, y *(PNR, y/ P26)* [SARratioNR, y ] ≤ Duty threshold/SARratioNR, y  (1a)

However, in the formula (1a), the total duty cycle capability (Duty threshold/SARratioNR, y ) become complicated, and more than 2 UL band CA may be supported in the future. Formula (1a) will become more complicated. Considering the forward compatibility, the square bracket in formula (1) is proposed to removed.

Proposal 2: Considering more than 2 UL band CA supported in the future, the square bracket in formula (1) is proposed to removed.
Proposal 3: Considering the UE implementation flexibility, the candidate values for total duty cycle can be listed as {n50, n60, n70, n80, n90, n100, full_duty}, 50% is proposed as default.
3
Conclusions

In this contribution, we discussed the SAR solution for the PC2 UE inter-band CA and make the following proposals. 

Observation: The max duty cycle per band maxUplinkDutyCycle-PC2-FR1 is specified. And the factor impacted SAR is already considered per band. 
Proposal 1: To reuse the SA signal band SAR solution and save signaling overhead, SARratioNR = 50%/ maxUplinkDutyCycle-PC2-FR1 and the default value is 1 when some of bands don’t support PC2 or the maxUplinkDutyCycle-PC2-FR1 is not reported.
Proposal 2: Considering more than 2 UL band CA are supported in the future, the square bracket in formula (1) is proposed to removed.
Proposal 3: Considering the UE implementation flexibility, the candidate values for total duty cycle can be listed as {n50, n60, n70, n80, n90, n100, full_duty}, 50% is proposed as default. 
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