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1. Introduction
A way forward [1] was agreed that proposes a network-based solution with signaling of the uplink capability of a UE as a function of the LTE UL/DL configuration.  Also included in the way forward is that a UE-based solution is for further study.  This contribution discusses both network-based and UE-based solutions and proposes a joint solution that includes signaling of a capability for each EN-DC configuration conditioned on the LTE TDD frame configuration in conjunction with a broadened allowance for P-MPR to account for alterative proximity detection algorithms and capabilities.
2. Discussion

In 3GPP specifications, two approaches have been taken to help the UE conform to SAR requirements – i.e., a network-based approach whereby the UE transmit uplink duty cycle is constrained either by network configuration or by scheduling, and a UE-based approach where the UE can autonomously reduce transmission power or drop scheduled transmissions as needed in order to stay within the required SAR envelope.  It is expected that both of these approaches will continue to be available and will be extended to apply for more complex scenarios such as TDD-TDD EN-DC and NR UL CA.  
Network-based mechanisms

Fundamentally, SAR compliance is a UE obligation.  While network-based mechanisms can assist the UE in meeting SAR, they will never be fully capable of ensuring that the UE meets SAR.  This is especially true since SAR is closely tied to the specific UE design; for example, it has been shown that proximity detection capability varies by design where some designs may not be robust along all six faces of the handset and some designs may not employ proximity detectors at all or by other indirect means, and that the sensitivity of SAR to transmit power may differ depending on the frequency range of transmission and the antenna design [3].  Moreover, SAR is also dependent on how the UE is being operated; for example, SAR will be different if the UE is held next to the user’s head, is used with a Bluetooth headset, or transmitting on NR and WiFi simultaneously as a hotspot, etc.  Therefore, a network-based solution cannot account for all of these conditions that only the UE can be aware of and that may be dynamic in nature.  
Observation:  Only the UE is aware of design and operational constraints on SAR.  The network cannot fully account for these.

Another point illustrating the deficiency in a network-based solution is that the basic principle applied to duty cycle restrictions is an assumption that a 23 dBm transmission at 100% transmit duty cycle is able to fulfil SAR.  Therefore, if the transmission power is doubled compared to 23 dBm, SAR can be maintained if the transmit duty cycle is halved.  More sophisticated formulations of restricting duty cycle according to power class and/or UL/DL configuration have been proposed for EN-DC, but the guiding principle remains the same.  Moreover, the assumption is that the UE will necessarily fail SAR if transmitting above the guideline of 23 dBm with 100% duty cycle.  Therefore, if the equivalent 26 dBm transmission at 50% duty cycle is exceeded, the UE is required to fall back to 23 dBm (PC3) transmission.  However, the assumption is flawed.  It is neither true that the UE will always pass SAR at a reference lower than or equal to 23 dBm with 100% duty cycle, nor is it true that the UE will never pass SAR at a reference higher than that.  
Observation:  The assumption that 23 dBm transmission with 100% duty cycle is a reference point for SAR compliance is only useful as a guideline.  In practice, a UE may fail or pass SAR with transmissions above or below this reference point.
Despite the shortcomings described above, there are merits to network-based mechanisms.  In particular, there is a benefit for the UE to be able to signal its capability to the network, i.e., signaling of MaxULDutyCycle or the equivalent.   In an ideal scenario, the basestation scheduler could take this capability into consideration and schedule uplink grants to the UE according to its capability.  In that case, it is expected that the UE should be able to transmit at PC2 power levels without violating SAR.  Of course, in a less ideal scenario, the basestation may not be able to fully schedule according to the UE’s signaled capability and even if it could, the UE may still be required to take additional measures (i.e., P-MPR) to meet SAR.  Nonetheless, it is expected that the signaling of the UE capability is beneficial overall, even if it is not able to ensure that SAR is met.  If the network is able to schedule accordingly, it is expected that the P-MPR taken by the UE could be smaller and less frequent.  Even if the network is not able to schedule accordingly, the signaling of the capability can give indication to the network on UE behavior.  For example, if the UE lowers power or does not respond to power control up commands, the network may be able to deduce the reason and possibly take corrective measures to prevent a call drop.
Observation:  While network-based mechanisms cannot ensure SAR compliance by the UE, there may still be benefit for the UE to signal its uplink duty cycle capability to the network.
UE-based mechanisms

As indicated above, it is the UE that is obligated to meet SAR as well having the knowledge of its design and operating conditions as they relate to SAR compliance.  Therefore, a UE-based mechanism is required instead of or in addition to any network-based mechanism.  Autonomous UE maximum power backoff, i.e., P-MPR is the only mechanism that allows the UE to ensure SAR compliance since it is not dependent on network response.  
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 drops the transmission or transmits at such a lower power level that the basestation cannot receive the transmission – 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.

It was proposed in [2] to remove the dependency of P-MPR on proximity detection when the UE is transmitting only on a single RAT.  The motivation to remove the dependency on proximity detection is that it may not be reliable along all six faces of the device due to limitations in the efficiency, size, and number of required sensors.  Additionally, some UE designs do not use proximity sensors but instead apply similar logic to deduce whether the UE is located near a human body or head.  For example, the UE may detect that the device is in a call with audio output only on the earpiece.  Since the current specification only allows the UE to apply P-MPR in case proximity detection is used, it would not be able to use P-MPR in the scenarios described above.
Proposal Option 1:  Remove the dependency of P-MPR on proximity detection when the UE is transmitting only on a single RAT.

Proposal Option 2:  Instead of restricting P-MPR to be allowed only in the case when proximity detection is used, allow P-MPR to be used when proximity detection “or other means that the UE may use to deduce vulnerability to electromagnetic energy absorption” are used.

Joint solution

A solution that enables both network-based and UE-based mechanisms is most likely to be optimal in facilitating SAR compliance as well as allowing for the maximum uplink performance.  The signaling of MaxULDutyCycle capability has been agreed to be defined for PC2 TDD-TDD EN-DC as a function of the LTE TDD frame configuration, per band combination.  This is a simple solution that only requires the UE to signal and the basestation to decipher a single value for the EN-DC configuration since the LTE TDD frame configuration is already known.  In addition, the P-MPR modifications – either proposal 1 or proposal 2 – should be adopted.  Therefore, the joint solution including both a simple signaling of capability as well as the allowance for P-MPR provides the necessary tools for the UE to meet SAR requirements while simultaneously maximizing uplink performance.
3. Conclusion

A network-based method of reducing uplink duty cycle to facilitate SAR compliance has been used extensively in 3GPP, for LTE, NR FR1 and NR FR2 and is being considered for HPUE TDD-TDD EN-DC.  However, it is illustrated that a network-based solution cannot ensure that the UE is able to comply with SAR.  Therefore, in addition to signaling the UE uplink duty cycle capability, the autonomous use of P-MPR is also required.  A joint solution including the signaling of a single capability for each EN-DC configuration conditioned on the LTE TDD frame configuration in conjunction with a broadened allowance for P-MPR to account for alterative proximity detection algorithms and capabilities is viewed to be appropriate. 
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