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Introduction
In the last RAN4 meeting it was raised in [1] that there may be potential SAR issues with UL + SUL transmission on FR1, especially for the SUL related band combinations where PC2 UE is allowed for uplink transmission . Number of companies in the last RAN4 meeting expressed the need for studying this issue further. In this contribution we study and discuss the issue further.
Discussion
For FR1 maxUplinkDutyCycle-PC2-FR1 is defined for higher UE power class 2 with the values {60%, 70%, 80%, 90%, 100%} and default value of 50%. For FR1 also UE fallback behaviour and minimum requirements are specified in TS38.101-1 so that the FR1 PC2 UE fallbacks to lower UE power class PC 3 if the percentage of uplink symbols transmitted within a given evaluation period is larger than than the maximum UL duty cycle supported by the UE for FR1 PC2. With these mechanisms the UE is able to ensure that it will meet SAR requirements for single carrier UL or also UL CA where simultaneous UL transmission is used and the UE is able to monitor its transmission for the combined UL CA transmission. 
However, in case of NR UL and SUL uplink it is specified that these two UL transmissions may not occur at the same time. It is also currently specified for SUL in the section 6.2C.1	 of TS38.101-1 that “For single carrier configured transmit power, as the UL carrier and SUL carrier is a same cell, the configured transmit power is specified for each UL carrier in a serving cell. The configured transmit power requirement for serving cell is applied for each UL carrier.” This independent configured transmit power requirement definition for SUL means that UE could be scheduled to transmit more than it is capable of doing while still meeting its SAR related requirements. For instance when the PC2 UE is designed to meet the SAR requirements with a certain maximum UL duty Cycle support, which signalled from the UE to the network in the UE capability maxUplinkDutyCycle-PC2-FR1, and P-MPR, this same maxUplinkDutyCycle-PC2-FR1 UE capability is no longer valid when NR UL is combined with NR SUL transmission. Instead the UE would need to be designed for the combined UE NR UL and NR SUL transmissions especially for PC2 UEs to make sure that the UE always meets the SAR requirements and also follows the network UL scheduling decisions. For this reason RAN4 should also consider joint UE transmission requirements for NR SUL and NR UL with PC2 UE operations.
For resolving this potential SAR issue with SUL operations with PC2 UEs we have identified at least the following options listed in Table 1. In the table initial pros and cons analyses are provided but further RAN4 studies are still needed before deciding the solution(s).
[bookmark: _Ref7444419]Table 1: Options for resolving potential SAR issue with NR UL + SUL and PC2 UE
	Solution
	Solution description
	Pros
	Cons

	Option A
	New maxUplinkDutyCycle UE capability signaling is defined for the joint NR UL + SUL operations with PC2 UE. This would enable the UE to inform the network what maxUplinkDutyCycle it can support both for PC2 NR UL and SUL while still meeting all the SAR requirements
	With this joint UE maxUplinkDutyCycle capability signaling for PC2 UE with NR UL and SUL it would be possible to schedule UL data both with NR UL and SUL as originally designed. The solution may not necessarily be changed in the next release
	New RRC UE capability signaling is needed which may not be feasible in Rel-15

	Option B
	In Rel-15 SUL and SUL band combinations are not supported with NR bands where PC2 UEs are supported
	Simple solution, which would not create any backwards compatibility issues with Rel-15 UEs and base stations.  
	SUL is not supported in Rel-15 for the SUL related band combinations, which allow PC2 UEs. Different solution is needed in Rel-16.

	Option C
	UE transmission requirements like UE configured transmitted power requirements for SUL are revised for the case of NR UL and SUL for PC2 UE so that the UE is required to consider maxUplinkDutyCycle-PC2-FR1 (indicated for NR UL) when deciding its transmitted power for SUL. 
	No Rel-15 signalling changes are needed
	In practice this option is likely to mean that PC2 UE needs often to use large P-MPR for SUL carrier to make sure SAR requirements are always met with the indicated maxUplinkDutyCycle-PC2-FR1 UE capability for NR UL carrier. This solution may mean in practice that SUL is not useable or at least beneficial in cases where PC2 UEs are allowed for a given band combination



In [2] potential Rel-16 solutions for resolving potential SAR issues for EN-DC FDD-TDD High Power UE are identified. It would be attractive from the system operations perspective if similar Rel-16 solutions would be defined for this SUL + NR UL with PC2 UE and EN-DC FDD-TDD PC2 UE. However, this is not sufficient for the case of SUL and NR UL with PC2 UE as it is important at least to clarify in the specification what cases are possible in Rel-15 if any. Furhermore, if some PC2 UE NR UL + SUL cases are supported in Rel-15, it is important to define suitable solutions for always ensuring that the UE can meet its SAR requirements and the network has real understanding of UE’s capabilities e.g. in terms of max UL duty cycle support. 


Conclusions
In this contribution we have identified different options for resolving potential SAR issues with NR UL + SUL transmissions on FR1 SUL related band combinations where PC2 UEs are allowed. The table below presents different options and their pros and cons.
	Solution
	Solution description
	Pros
	Cons

	Option A
	New maxUplinkDutyCycle UE capability signaling is defined for the joint NR UL + SUL operations with PC2 UE. This would enable the UE to inform the network what maxUplinkDutyCycle it can support both for PC2 NR UL and SUL while still meeting all the SAR requirements
	With this joint UE maxUplinkDutyCycle capability signaling for PC2 UE with NR UL and SUL it would be possible to schedule UL data both with NR UL and SUL as originally designed. The solution may not necessarily be changed in the next release
	New RRC UE capability signaling is needed which may not be feasible in Rel-15

	Option B
	In Rel-15 SUL and SUL band combinations are not supported with NR bands where PC2 UEs are supported
	Simple solution, which would not create any backwards compatibility issues with Rel-15 UEs and base stations.  
	SUL is not supported in Rel-15 for the SUL related band combinations, which allow PC2 UEs. Different solution is needed in Rel-16.

	Option C
	UE transmission requirements like UE configured transmitted power requirements for SUL are revised for the case of NR UL and SUL for PC2 UE so that the UE is required to consider maxUplinkDutyCycle-PC2-FR1 (indicated for NR UL) when deciding its transmitted power for SUL. 
	No Rel-15 signalling changes are needed
	In practice this option is likely to mean that PC2 UE needs often to use large P-MPR for SUL carrier to make sure SAR requirements are always met with the indicated maxUplinkDutyCycle-PC2-FR1 UE capability for NR UL carrier. This solution may mean in practice that SUL is not useable or at least beneficial in cases where PC2 UEs are allowed for a given band combination



In our view it is important that RAN4 decides and clarifies in the specifications if NR UL + SUL is supported for PC2 UEs in Rel-15 and if so, specifies suitable solution in Rel-15 for ensuring PC2 UE SAR compliance in case of NR UL and SUL. 
In our view for Rel-16 it would be beneficial to consider similar solutions as for EN-DC FDD-TDD PC2 UE. 
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