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1    Introduction
RAN4 has discussed the TDD UL/DL configuration issue for power class 2 NR UE in order to satisfy the SAR requirements for two meetings [1] [2]. Last meeting, a way forward was approved [1], and one potential solution is provided to solve the SAR problem: setting appropriate UL duty cycle, e.g. less than [50%]. 
In this contribution, we provide our analysis on the solution to satisfy SAR requirements for NR HPUE.
2    Discussion
2.1 Global SAR requirements 
Currently, there are two typical SAR requirements around the world. 
· Type1: 1.6W/Kg, applied in US, Korea, Australia etc.
· Type2: 2.0W/Kg, applied in China, Europe, Japan etc.
Meanwhile, some countries mandate UE to execute SAR verification, while other countries do not mandate UE to execute SAR verification.
Depending on different UE design and implementation, the SAR performance could be different from UE to UE. Therefore, there are several possible UE types.
· Type A UE: can meet both type1 and type2 SAR requirements with all UL/DL configurations
· Type B UE: can meet type2 SAR requirement with all UL/DL configurations and type1 SAR requirement with some UL/DL configurations.
· Type C UE: can only meet type2 SAR requirement with some UL/DL configurations (e.g. uplink duty cycle<80%) and type1 SAR requirement with some UL/DL configurations (e.g. uplink duty cycle<50%)
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Figure 1: SAR performance of different UEs
Proposal 1: It is proposed to design a wise solution considering the different SAR requirements and UE implementations.
2.2 LTE HPUE solution to satisfy SAR requirements
During the work item of LTE band 41 HPUE, SAR issue was raised before the work item closed. In order to meet FCC SAR requirement, RAN4 decided to restrict some TDD UL/DL configurations to solve this issue. Compared to 23dBm, power class 2 UE has 3dB power boosting. So restricting the uplink transmission duty cycle to 50% for HPUE is a simple solution to guarantee the SAR performance. However, there is no linear relationship between SAR value increase and terminal output power increase. Furthermore, the impact of different UE implementation on SAR performance should also be considered. Therefore, the 50% uplink duty cycle need to be re-evaluated in NR considering different SAR requirements and UE implementations.
Observation 1: The 50% uplink duty cycle used in LTE HPUE should be revisited in NR considering different SAR requirements and UE implementations.
In E-UTRA, if uplink/downlink configuration 0 or 6 is configured in the cell, HPUE will do power back off according to section 6.2.5 in 36.101, i.e. PPowerClass – ΔPPowerClass . However, even uplink/downlink configuration 0 or 6 is configured by the network, it does not mean that all the uplink subframes are scheduled for certain UE in reality. Hence, fixed power back off in certain uplink/downlink configurations for E-UTRA HPUE is not a good solution. 
Observation 2: From UE perspective, setting fixed power back off in certain uplink/downlink configurations or fixed uplink duty cycle restriction is not reasonable.
	PCMAX_L,c = MIN {PEMAX,c – TC,c,  (PPowerClass – ΔPPowerClass) – MAX(MPRc + A-MPRc + ΔTIB,c + TC,c + TProSe, P-MPRc)}
	PCMAX_H,c = MIN {PEMAX,c,  PPowerClass – ΔPPowerClass}
where
-	PEMAX,c is the value given by IE P-Max for serving cell c, defined in [7];
-	         PPowerClass is the maximum UE power specified in Table 6.2.2-1 without taking into account the tolerance specified in the Table 6.2.2-1;
-	         ΔPPowerClass = 3 dB for a power class 2 capable UE operating in Band 41, when P-max of 23 dBm or lower is  indicated or if the uplink/downlink configuration is 0 or 6 in the cell; otherwise, ΔPPowerClass = 0 dB
-	MPRc and A-MPRc for serving cell c are specified in subclause 6.2.3 and subclause 6.2.4, respectively;
-	TIB,c is the additional tolerance for serving cell c as specified in Table 6.2.5-2; TIB,c = 0 dB otherwise;
-	TC,c = 1.5 dB when NOTE 2 in Table 6.2.2-1 applies;
-	TC,c = 0 dB when NOTE 2 in Table 6.2.2-1 does not apply;
-	TProSe = 0.1 dB when the UE supports ProSe Direct Discovery and/or ProSe Direct Communication on the corresponding E-UTRA ProSe band; TProSe = 0 dB otherwise.


Proposal 2: The uplink duty cycle restriction and power back off mechanism should be re-evaluated in NR HPUE.
2.3 Key performance indicators in 5G
For 2020, new applications are increasingly being delivered over IMT, including e-Government, public protection and disaster relief communication, remote education, linear and on-demand audio-visual content, and e-health [3]. These applications require higher data rate and lower latency. A flexible frame structure is very important to support these services. 
Restricting the uplink/downlink configurations or uplink duty cycles (less than 50%) for NR HPUE will loss the flexibility of NR and may lead to the consequence that the requirement of some 5G applications cannot be met. Hence, we think restricting uplink/downlink configurations for all NR HPUEs (i.e. same solution as LTE) to satisfy SAR requirement is not a preferable solution.
Observation 3: NR HPUE needs to support more flexible uplink/downlink configurations in order to satisfy the requirements of new applications in 5G.
3    Potential solutions
3.1 Solution 1
First, UE needs to declare the maximum supported uplink duty cycle in a certain evaluation period during the SAR verification depending on its capability. The value of maximum supported uplink duty cycle in a certain evaluation period can be different for a HPUE to satisfy different SAR requirement (e.g. type 1 or type 2 SAR requirement). Then, UE needs to report its capability to help the network make the right scheduling decision. To make it simple, UE could obtain the latest local SAR requirement from the network, e.g. indicating SAR requirement in system information, and only report the corresponding capability to the network.
If the number of uplink symbols/slots in a certain evaluation period scheduled by the network is beyond the UE capability, which is considered to be the corner case, the UE is allowed to do power back off up to its implementation.
In solution 1, RAN4 does not need to evaluate and define the allowed uplink duty cycle to satisfy the SAR requirements. Due to the limited time in Release-15, this solution will save a lot of time for RAN4 discussion and evaluations.
Observation 4: Solution 1 has high flexibility on HPUE uplink resource usage and can help to reduce RAN4 workload.
3.2 Solution 2
In solution 2, RAN4 needs to further evaluate and define the allowed maximum uplink duty cycle in a certain evaluation period to satisfy certain SAR requirement. Different from E-UTRA, it is proposed to define different maximum uplink duty cycle values for typical SAR requirements. For example, RAN4 evaluate and define 60% for type 1 SAR requirement and 80% for type 2 SAR requirement as stated in section 2.1. This solution may reduce the uplink restrictions for countries apply either type 1 or type 2 SAR requirement. 
In addition, similar as solution 1, UE could obtain the local SAR requirement from network and make the decision of power back off when the number of uplink symbols/slots in a certain evaluation period scheduled by the network is beyond the specified value.
Observation 5: Solution 2 can help reduce the restriction for countries using either type 1 or type 2 SAR requirements to some extent, but still has low flexibility.
Proposal 3: RAN4 is kindly asked to further evaluate the SAR issues considering the difference of SAR requirement and UE implementations. One of the above two candidate solutions could be selected to solve this issue.
4    Conclusion
In this contribution, we provide our analysis on the solution to satisfy SAR requirements for HPUE. The observations and proposals are provided as follows:
Observation 1: The 50% uplink duty cycle used in LTE HPUE should be revisited in NR considering different SAR requirements and UE implementations.
Observation 2: From UE perspective, setting fixed power back off in certain uplink/downlink configurations or fixed uplink duty cycle restriction is not reasonable.
Observation 3: NR HPUE needs to support more flexible uplink/downlink configurations in order to satisfy the requirements of new applications in 5G.
Observation 4: Solution 1 has high flexibility on HPUE uplink resource usage and can help to reduce RAN4 workload.
Observation 5: Solution 2 can help reduce the restriction for countries using either type 1 or type 2 SAR requirement to some extent, but still has low flexibility.
Proposal 1: It is proposed to design a wise solution considering the different SAR requirements and UE implementations.
Proposal 2: The uplink duty cycle restriction and power back off mechanism should be re-evaluated in NR HPUE.
Proposal 3: RAN4 is kindly asked to further evaluate the SAR issues considering the difference of SAR requirement and UE implementations. One of the above two candidate solutions could be selected to solve this issue.
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