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1 Introduction

HPUE has been introduced in Rel-15. In order to solve SAR issue, the UE capability maxUplinkDutyCycle was introduced which indicate the maximum UL time duration that HPUE can be used. If the scheduled UL duty cycle exceeds maxUplinkDutyCycle in certain time window, UE maximum power capability will be restricted to power class 3. 
At RAN4#87, several questions were raised about this mechanism:

1) When UE power class is changed from PC2 to PC3 there will be 3dB UL power gap. Whether this will cause UL connection failure in the real network?
2) When UL duty cycle exceeds UE capability, does UE power class has to change from PC2 to PC3?
2 Discussion
2.1 Power class change and UL radio connection failure
We consider two network deployment scenarios, one is deployed according to PC2, and the other is deployed according to PC3.
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Figure 1 Power class and UL coverage
· Scenario 1: Network is deployed according to PC2 UE
If UE is in the cell edge, and 26dBm is needed to keep UL connection. Usually, RB allocation and MCS are low. Now, UE power class is changed then 3dB power density gap in the BS side will happen which causes BS unable to decode UE signals. Once this happens, BS will try to reduce UE MCS and RB allocation to let UE do retransmission, however, as mentioned before there is no room for the BS to do so as the RB allocation and MCS at cell edge is already very low. After several times retransmission failure, the UL connection failure will happen.

If UE is in the cell centre, retransmission with lower RB allocation and MCS is expected and most likely no connection failure will happen.
· Scenario 2: Network is deployed according to PC3 UE
HPUE will always has enough power for UL transmission. UL connection failure caused by power class change is not expected.
Observation 1: UL connection failure caused by UE power class change may only happen in the cell which is deployed according to PC2 UE and also the HPUE is at the cell edge location.
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Figure 2 SAR/OTA human body testing
During the discussion in #87 meeting, there is opinions say that the 3dB power loss here is same to OTA loss caused by human body. We agree both scenarios will cause UE power back off, however, they are different in the real network. The human body loss is considered in OTA test requirements. When deploy the network, the link budget calculation is needed, and UE OTA requirements will be considered, i.e. the power change caused by human body already included in the network link budget. That’s why we seldom see connection failure happens when people hold the UE to make a call.
Observation 2: UE OTA power changes caused by human body already considered in network link budget calculation and will not cause UL connection failure which is different from HPUE power class change.
As discussed above, the connection failure caused by UE power class change will only happen in the network deployed according to HPUE. In other words, normal PC3 UE will not exist otherwise they will face problems in accessing to the network.
Observation 3: The connection failure caused by UE power class change will only happen in network deployed according to PC2 UE power class.
2.2 PC change should be mandatory or optional?
In last RAN4 meeting, there are some discussions about whether UE power class change shall be mandatory when the UL time duration scheduled by network exceeds UE capability. And at the end of last meeting there is no time for this discussion, then the word [may] is introduced in the spec to make this topic open for further discussion. The spec is as below.
	If a UE supports a different power class than the default UE power class for the band and the supported power class enables the higher maximum output power than that of the default power class:

-
if the field of UE capability maxUplinkDutyCycle is absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than 50%  (The exact evaluation period is no less than one radio frame); or

-
if the field of UE capability maxUplinkDutyCycle is not absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle as defined in TS 38.331 (The exact evaluation period is no less than one radio frame); or

-
[may] apply all requirements for the default power class to the supported power class and set the configured transmitted power as specified in sub-clause 6.2.4;


The main reason of trying to make it mandatory is that this mechanism is key for HPUE to meet SAR requirements. On the other side, people are worried about the frequent power class change will make UE status unstable as UE may only calculate UL duty cycle at 10ms time level.
Below, we will discuss further on why this mechanism should be mandatory.

· Why this mechanism should be mandatory?
As we all known, UE has to meet SAR requirements and here we would like to further emphasize the difficulties HPUE will face. There are two SAR testing scenarios, one is Head SAR the other is Body SAR. 
For Head SAR testing, UE will be put near head phantoms and let UE transmit its maximum power, then measure the SAR. Usually proximity sensor is used to detect the UE operating scenario and then decide using PMPR to reduce transmit power to meet SAR requirements. The sensor can be put in the upper front of UE. Therefore, for Head SAR testing power class back off is not necessarily mandatory.
However, for Body SAR testing the situation is different. UE is required to test SAR under six sides, i.e. front, back and four edges. Unfortunately, proximity sensor cannot be used in the four edges. Power class fall back will be the key to meet SAR requirements in this condition. This is the problem HPUE is facing, if the power class fall back function is not be used then there will be no HPUE in the market.
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Figure 3 Head and Body SAR testing

Observation 4: UL duty cycle calculation and power class fall back mechanism is key for UE to meet SAR requirements. Without mandating HPUE power class fall back to PC3 when UL time duration exceeds UE capability will make UE fail SAR testing and finally makes HPUE not be used in the network.
Proposal: Mandating HPUE fall back to power class 3 when UL duty cycle exceeds UE capability and remove the [may] from the spec.

3 Conclusion

Observation 1: UL connection failure caused by UE power class change may only happen in the cell which is deployed according to PC2 UE and also the HPUE is at the cell edge location.

Observation 2: UE OTA power changes caused by human body already considered in network link budget calculation and will not cause UL connection failure which is different from HPUE power class change.
Observation 3: The connection failure caused by UE power class change will only happen in network deployed according to PC2 UE power class.

Observation 4: UL duty cycle calculation and power class fall back mechanism is key for UE to meet SAR requirements. Without mandating HPUE power class fall back to PC3 when UL time duration exceeds UE capability will make UE fail SAR testing and finally makes HPUE not be used in the network.
Proposal: Mandating HPUE fall back to power class 3 when UL duty cycle exceeds UE capability and remove the [may] from the spec.
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