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1. Introduction
The most significant issue confronting the specification of PC2 FDD-TDD EN-DC is a mechanism to mitigate SAR.  This contribution provides further discussion on this topic.
2. Discussion

In 3GPP specifications, two approaches have been taken to help the UE conform to SAR requirements when its supported maximum output power exceeds 23 dBm.  The first approach is UE-centric in the form of P-MPR.  The second approach is network-dependent and is based on restricting the uplink duty cycle.  Note that the two approaches are not mutually orthogonal; in other words, UE-centric P-MPR is always available.
2.1. P-MPR

P-MPR allows for power reduction in scenarios where simultaneous transmission on multiple RATs can cause SAR  emissions or self desense or in scenarios where proximity detection indicates that output power should be reduced to meet SAR.  There is no bound on allowed P-MPR power reduction – i.e., P-MPR can be so large that effectively the UE does not transmit at all – and no guidelines on if and how it should be used other than the following
P-MPRc is the allowed maximum output power reduction for

a)
ensuring compliance with applicable electromagnetic energy absorption requirements and addressing unwanted emissions / self desense requirements in case of simultaneous transmissions on multiple RAT(s) for scenarios not in scope of 3GPP RAN specifications;

b)
ensuring compliance with applicable electromagnetic energy absorption requirements in case of proximity detection is used to address such requirements that require a lower maximum output power.

The UE shall apply P-MPRc for serving cell c only for the above cases. For UE conducted conformance testing P-MPRc shall be 0 dB

NOTE 1:
P-MPRc was introduced in the PCMAX,f,c equation such that the UE can report to the eNB the available maximum output transmit power. This information can be used by the eNB for scheduling decisions.

NOTE 2:
P-MPRc may impact the maximum uplink performance for the selected UL transmission path.

Therefore, P-MPR is entirely autonomous to the UE and is implementation-specific.  The fact that P-MPR is UE autonomous allows for the UE to conform to SAR regulations without external configuration or control by the network since regulatory bodies often will not accept conformance if it is conditioned on external control.  UE designers have developed implementation-specific SAR algorithms using P-MPR to enable conformance.  
One concern recently raised [1] is that proximity detection may not be sufficient to trigger P-MPR when the number of sensors is limited and the requirement is imposed along all six faces of the device.  In that case, proximity detection is not robust and reliable, i.e., the device may be in close proximity to human head, but the detector cannot sense.  Therefore, either proximity detection should be improved or other implementation-specific SAR algorithms may be needed assuming that network-assisted solutions are not available or cannot be relied upon for regulatory conformance.  
2.2. Uplink duty cycle restriction

The other method by which SAR compliance is facilitated in 3GPP specifications is by limiting the uplink transmission duty cycle.  This method relies upon network configuration or scheduling, either directly defined in the specification where only a subset of UL/DL TDD configurations are allowed or by UE signaling a maximum uplink duty cycle capability with the expectation that the network will schedule uplink for that UE accordingly.  The advantage of this network-assisted method is that conditions allowing SAR to be met do not depend on the reliability of proximity sensing.  The disadvantage of this method is that the uplink duty cycle is reduced even if the UE is not located in close proximity to a human body and the uplink duty cycle may be artificially restricted for devices with superior SAR performance.  Another disadvantage to this method is that regulatory bodies have not generally accepted a principle that UE compliance to SAR is dependent upon proper network configuration or scheduling.  This is especially true if the network configuration or scheduling is “optional”; i.e., in response to a request from the UE on maximum uplink duty cycle rather than codified as a basestation requirement.  However, the dependency on network configuration can be alleviated if the device implements a P-MPR algorithm in addition to the uplink duty cycle restriction.  In fact, 3GPP recognizes that uplink duty cycle restrictions alone may not be sufficient for the device to meet SAR.  Thus, P-MPR is always allowed by the specifications regardless of any uplink duty cycle scheduled.  Moreover, 3GPP specifications allow a UE to fall-back to a lower power class, i.e., from PC2 to PC3, in the event that the uplink duty cycle exceeds that which is needed for the device to meet SAR.
2.3. Potential solutions
A number of proposals [2],[3],[4],[5] were presented to restrict the uplink duty cycle for PC2 FDD-TDD EN-DC by using a TDM-pattern HARQ timeline for SUO feature on the FDD cell group.  However, a concern was raised that such a scheme would not be acceptable to regulators to validate SAR compliance since it relies on network configuration.  Indeed, past experience with regulators has shown that a scheme where the UE relies on external configuration or scheduling by the network is generally not used for conformance testing.  Instead, the regulators seek to ensure that the device meets SAR in the worst possible situation for which it might be configured; i.e., with full transmit duty cycle on FDD.  To address this, another scheme was suggested [1] whereby instead of duty cycle restriction the UE transmit power on the FDD cell group would be reduced below 23 dBm while the UE is configured for EN-DC; however, it is not clear how the power reduction would be enforced.  One way could be to signal the P_LTE parameter in the cell, however, this suffers a similar drawback of relying on network configuration for the UE to meet SAR.  Therefore, a method to lower the power in the FDD cell group is needed that is UE-autonomous rather than signaled, configured, or scheduled by the network.  

The conditions for a solution are

1. UE autonomous,

2. Allows for limited proximity sensing (i.e., not available on all 6 faces of the device),

3. Allows for flexible SAR designs.

The UE autonomous condition can be met by always allowing P-MPR in addition to any other mechanisms that may be introduced.  The condition to allow for limited proximity sensing can be met by allowing P-MPR power reduction without conditioning on proximity detection.  The condition on flexibility can be met by UE signaling a maximum uplink duty cycle capability.  Therefore, a potential solution is to define a UE signaled MaxUplinkDutyCycle capability for the FDD cell that the network can then use to configure the TDM-pattern.  In addition, the UE is allowed to take P-MPR and that P-MPR is not conditioned on proximity detection.  One disadvantage with this solution is that it allows a defective UE to always reduce power under the guise of SAR, even if not within close proximity to a human body.  Good UE designs are expected to implement more advanced proximity detection and SAR mitigation algorithms and in fact, are already in existence today.    

3. Conclusion

The method of reducing uplink duty cycle to facilitate SAR compliance has been used extensively in 3GPP, for LTE, NR FR1 and NR FR2.  It is natural to include this method with a UE signaled MaxUplinkDutyCycle capability at least as a partial solution for FDD-TDD EN-DC as well.  However, due to uncertainties in regulatory approval for methods that rely upon network configuration or scheduling, a UE autonomous power reduction option must also be part of the solution.  In fact, this is P-MPR and has always been available to the UE to comply with SAR.  To accommodate UE’s that may not be able to rely upon robust proximity detection, the P-MPR should be modified to remove its dependence on proximity detection.
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