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1	Introduction
The in the ENDC_UE_PC2_FDD_TDD WI discussions for managing SAR have focused primarily on Duty Cycle based approaches to managing SAR. However, these have some downsides. As another option, Ericsson has proposed a blind approach where the network can “permanently” reduce the LTE power by setting  PLTE < 23 dBm. This approach has some advantages, but also disadvantages. As a compliment to these two approaches, we would like to propose the inclusion of a “UE-based” approach to SAR management as an option. 
2	Discussion
[bookmark: _GoBack]The duty cycle approaches extend the concept of duty cycle based PC2 that has been used in LTE.  However, with FDD+TDD EN-DC, limiting the duty cycle on the LTE FDD uplink has the downside of increasing latency of the FDD UL. Since one of the advantages of FDD is low latency, increasing latency but giving FDD a duty cycle is a downside. Also, for EN-DC the eNB and gNBs are not necessarily co-located as they are in CA, so coordination between the FDD and TDD scheduling may not be practical. 
The Ericsson blind approach has the advantage that power higher than 23 dBm can be supported even if the LTE duty cycle is 100%. This has the advantage of keeping the low latency of FDD, but it has the downside of limiting the uplink power on LTE, which shrinks the cell size. Usually this is not desirable. 
As an alternative which can complement the other two approaches, we would like RAN4 to leave an option for a UE based approach to SAR, where the UE would be in charge of managing its average transmit power in order to ensure that the SAR limits are not exceeded without any duty cycle management or LTE power restrictions from the network. 
2.1 UE based approach to SAR management for PC2
In RAN4 specs there is never any concern about SAR for UEs that maintain 23 dBm Power Class 3 output power in FR1. So, one way that a UE-based approach for FDD+TDD HPUE SAR management could work is that a UE could manage its transmission power to ensure that the average transmit power does not exceed 23 dBm. We will describe one such method that the UE could us.
In order to maintain a maximum average transmit power of 23 dBm, the UE could first calculate the average FDD LTE power in an interval. That interval could be over one 10 ms TDD LTE radio frame time, or If the TDD NR carrier is aligned with LTE UL/DL configurations 0, 1, 2 and 6 that have a 5 ms downlink to uplink switch point periodicity the UE could use a 5 ms interval. After calculating the average FDD LTE power in interval n, the UE would linearly subtract that from 23 dBm in order to calculate how much average power is left for transmission on NR. 
Here is an example with a 50% TDD duty cycle. If the FDD side transmitted no power in interval 0, then in interval 1 the UE could transmit up to 26 dBm with a 50% duty cycle. If in interval 1 the FDD LTE side used 20 dBm power, then in interval 2 the TDD side could use 20 dBm average. So with a 50% TDD duty cycle the TDD side could transmit at 23 dBm for 50% of interval 2.  If in interval 2 the FDD LTE side used 23 dBm continuously, the TDD side could use no power in interval 3. What this example does not show is that the NR power would also need to be reduced based on the concurrent instantaneous LTE transmission power based on EN-DC Dynamic Power Sharing in order to keep the total LTE+NR transmission power at or below 26 dBm for a PC2 EN-DC UE. For example, in interval 1 the NR power would need to be reduced linearly by 20 dBm to 24.8 dBm in in order to keep the total UE power below 26 dBm as shown in orange in Figure 1.
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Figure 1 Example 1 UE based FDD+TDD EN-DC SAR management with 50% TDD duty cycle
Here is an example with a 25% TDD duty cycle. If the FDD side transmitted no power in interval 0, then in interval 1 the UE could transmit up to 26 dBm with a 25% duty cycle. If in interval 1 the FDD LTE side used 20 dBm power, then in interval 2 the TDD side could use 20 dBm average. So with a 25% TDD duty cycle the TDD side could transmit at 26 dBm for 50% of interval 2.  If in interval 2 the FDD LTE side used 23 dBm continuously, the TDD side would be limited to 23 dBm in interval 2 and the TDD side could use no power in interval 3. As with the previous example, this example does not show is that the NR power would also need to be reduced based on the concurrent instantaneous LTE transmission power based on EN-DC Dynamic Power Sharing in order to keep the total LTE+NR transmission power at or below 26 dBm for a PC2 EN-DC UE.
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Figure 2 Example 2 UE based FDD+TDD EN-DC SAR management with 25% TDD duty cycle
Now let’s consider a third example where the LTE is transmitting continuously although with very low power. In this case with a 50% TDD duty cycle NR would be able to transmit at close to 26 dBm, despite the 100% FDD LTE duty cycle. 
[image: ]
Figure 3 Example 3 UE based FDD+TDD EN-DC SAR management with 50% TDD duty cycle and low power on LTE
As these examples show, it is possible for a UE based SAR management scheme to enable a UR to maintain 23 dBm average transmission power in order to meet SAR emission limits. This approach allows for efficient usage of the uplink power without complicated scheduling restrictions or power limitations on the LTE uplink. Therefore, it would be beneficial if RAN4 allows a UE based approach for managing SAR for power class 2 FDD+TDD EN-DC. 
Proposal 1: RAN4 should keep the option open for UE Based SAR management for Power Class 2 FDD+TDD inter-band EN-DC. 
3	Conclusions 
Proposal 1: RAN4 should keep the option open for UE Based SAR management for Power Class 2 FDD+TDD inter-band EN-DC. 
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