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Introduction
In the last plenary meeting, WID for SAR solutions for SUL and UL CA is revised in [1] aiming at introducing specifications for UE SAR compliance when configured with SUL and UL CA band combinations. So far as until Rel-17, there has been no 3GPP standards for 26dBm HPUE to comply with SAR regulations when configured with SUL band combination. In this work item, RAN4 is expected to introduce signaling and schemes for UE working under SUL band combination to ensure UE SAR compliance with a 26dBm maximum out power on the NUL carrier. The SUL related WID objectives are copied as in the below box.
	The objectives of the core part are as follows:
1) Specify the applicable "SAR scheme" for power class 2 UE to facilitate compliance with the SAR limits for band combinations of power class 2
· For SUL configurations with power class 2 on NUL (normal UL, TDD) and power class 3 on SUL, specify the scheme, which is not based on UE implementation only, to comply with SAR limits 
i. The power class under consideration is shown below
	UE power class on SUL band
	UE power class on NR TDD band

	23dBm
	26dBm


ii. Design the UE capability report signalling
iii. The scheme has to meet SAR limits, e.g., duty cycle, in the section of the requirement for the configured transmit power for SUL (The scheme is expected to be general for all the SUL configurations).
[bookmark: _Hlk45806211]2)	If already specified RAN2 signalling cannot be reused, then RAN4 will request RAN2 by LS to specify the 	necessary signalling for the "SAR scheme" of 1).
	Note: No RAN2 TUs will be requested for this.
3)	Decision on whether power class 2 CA capable UE and SUL capable UE supporting power class 2 using the SAR scheme defined in this WI shall be release independent from Rel-15 or Rel-16 
NOTE 2: No band specific requirements are expected for the SUL configurations.




Actually this is not a novel topic in RAN4. Discussions were carried out in Rel-15 and the conclusion was to leave the SAR compliance operations to UE implementation in Rel-15 and to reconsider the issue in Rel-16. The agreements can be found in [2]. In the last RAN4 meeting, a WF in [3] was approved to drive further discussions.
In this paper, we discuss the related aspects in introducing the standardized SAR compliance signaling and schemes for HPUE that configured with SUL band combinations. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Generic 3GPP approach for HPUE SAR compliance
SAR is one important set of requirements that is valued by many regional and national regulators. Standardized SAR compliance solutions were introduced from the very beginning since after the introduction of HPUE. In NR, the system sees benefits from better utilizations of combining different bands in mainly three ways: EN-DC, CA and SUL band combinations.
In rel-15, a dutycycle UE capability was introduced in order for the PC2 HPUE to indicate its largest capable ratio of UL transmit time duration out of a certain evaluation period of time on a single TDD band. With the help of this signaling, the network is able to know the UE capability of SAR compliance and schedule UL transmissions accordingly. It is recommended that the UE should fallback to PC3 if the network schedules too much UL resources in certain scenarios. This framework serves as the foundation of standardized SAR compliance in NR and is followed in considering TDD-TDD EN-DC HPUE and later FDD-TDD EN-DC HPUE. It is most likely that for SUL and UL CA, similar capability reporting shall be introduced.
In rel-16, TDD-TDD EN-DC HPUE SAR signaling and schemes were introduced. When configured with TDD-TDD EN-DC, a 26dBm HPUE shall report the dutycycle capability on the NR TDD band according to different LTE TDD configurations. The UE has to calculate according to the LTE TDD UL/DL configuration and its ability to comply with SAR regulations the correct value, and to indicate it to the network in the dutycycle capability signaling.
Similarly for SUL-TDD band combinations, we should consider following the existing framework when introducing the standardized SAR compliance for 26dBm HPUE.
UE SAR capability signalling for SUL band combination 
It is important to note that here in this WI, we consider the scenario where UE is configured with a SUL-TDD combination. The UE reports PC2 on the TDD band but only PC3 on the SUL band.
In our understanding, since under SUL band combinations, the UE is not expected to transmit simultaneously on SUL and NUL, it is simple for the UE to report only on the SUL band. Different from the case for FDD-TDD EN-DC SAR reporting where a pair of maximum dutycycles on LTE and NR bands has to be indicated, the UE only needs to report the maximum supported dutycycle Y on SUL band under SUL-TDD configurations. This is because that the UE is able to comply with SAR on the TDD band naturally since the UL dutycycle X of the TDD band is usually less than 50% and all the UE needs to do is to calculate its maximum dutycycle Y on the SUL band with 23dBm MOP given certain TDD configuration. For example, with DDDSU configuration the UL dutycycle X is about 20%. Then there is still 30% margin for a UE to transmit with MOP 26dBm on any bands. When configured with SUL-TDD combination, the UE is able to derive its capability of maximum UL dutycycle with 23dBm MOP on the SUL band and report accordingly. In the above case, the minimum possible Y value is about 60%{ (1-0.2) * 2 = 0.6}. 
One exception is that when either the UE is too incapable or the TDD configuration has too much UL portion that the derived maximum dutycycle Y on the SUL band is minors 0 (Y < 0). In this case, the reference maximum dutycycle on TDD band no longer aligns with the UL dutycycle X by TDD configuration but equals X + Y and of course the power margin for SUL band is left 0. The insight of this approach is that the 26dBm UL transmission on the TDD band is somehow guaranteed and encouraged.
Proposal 1:  UE reports maximum supported UL duty cycle on the SUL band according to the TDD configuration when configured with SUL + TDD combinations.
Power falls back ∆PPowerClass 
For PC2 HPUE operating under SUL-TDD combinations, it only transmits 23dBm on the SUL carrier. This means that even the UE is scheduled 100% on SUL band, there is no risk against violating SAR requirements. Further, SUL transmissions serve the UE as coverage booster thus power fallbacks on SUL band compromise the main benefit. Thus it is natural that the UE should fall back its power only on the TDD band if the condition for fallbacks is met.
Proposal 2: PC2 HPUE only falls back maximum output power on TDD band but not SUL band when operating under SUL-TDD band combinations.
Speaking of the conditions where the UE should fall back maximum output power, it is specified in Rel-16 that for EN-DC combinations the condition is met either when 1) the network configures 23dbm or less Pmax, or 2) the network schedules too much UL resources compared to the UE capability. Thus for SUL band combinations, the condition should follow EN-DC’s framework.
Proposal 3: The condition for UE power fallbacks is met when either 1) the network configures 23dbm or less Pmax or 2) the network schedules too much UL resources, under SUL-TDD band combinations operating with 26dbm MOP.
Conclusions
In this paper, we discuss the related aspects in introducing the standardized SAR compliance signaling and schemes for HPUE that configured with SUL band combinations. 
Proposal 1:  UE reports maximum supported UL duty cycle on the SUL band according to the TDD configuration when configured with SUL + TDD combinations.
Proposal 2: PC2 HPUE only falls back maximum output power on TDD band but not SUL band when operating under SUL-TDD band combinations.
Proposal 3: The condition for UE power fallbacks is met when either 1) the network configures 23dbm or less Pmax or 2) the network schedules too much UL resources, under SUL-TDD band combinations operating with 26dbm MOP.
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