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1 Introduction
Removing the high limit of Pcmax has been discussed in last RAN4 meeting to increase the max power and the WF [1] is agreed. 
The motivation of removing the Pcmax high limit is explained in [2] which is to allow UE with 23+26 or 26+26 to transmit power higher than PC2 26dBm. And the impact to spec is meant to be only change Pcmax_h, as can be seen below [2]. It seems once the Ppowerclass is removed from the spec, then UE can transmit power as high as it could. Meanwhile, the initial feedbacks seems also many aspects it could impact and companies are invited to do more analysis to see whether this kind of approach is good enough to be specified in RAN4 specs.
[image: image1.png]One example is provided in [1]; a very simple modification do the spec

* Ppouerciass 1S removed from Peyay 4 for ULCA
* Poowerciass IS 26 dBm for PC2 and would normally set the upper bound of Py, to no higher than 26 dBm
* Peyax,caremains in case of regulatory or other constraints that need to be applied by the network
* 3 Demax,c remains so that the Pey,y will be bound by the sum of the individual cell groups
* Pcuax L 1S unmodified
* MPR and A-MPR are still available to meet emissions

* The UEin UL CAiis not required to transmit higher max power since Pgy,y , is not increased, but is
allowed to since Py 4 is increased





This paper share some views on this topic.
2 Discussion

2.1 Power class
Currently in RAN4 the power class is defined as a typical value and bounded by +/- tolerance. Let’s assume PC2 power range is 26+2/-3 (23~28dBm), and UE is considered to meet PC2 power requirements once its max transmit power is within this range. Now, if the Ppowerclass is removed from Pcmax_h, then UE can transmit power that is higher than 28dBm and achieve 29dBm or even higher which is not compatible with the power class definition anymore. If we still call this UE is PC2 then the power class definition has to be changed, that means the change is not only Pcmax_h, rather it will change the fundamental definition of power class.
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Observation 1:    Remove Ppowerclass from Pcmax_h, will allow UE transmit power higher than 28dBm which is not compatible with current power class definition.

How to change the power class definition to accommodate the idea of removing Ppowerclass from Pcmax needs more thinking. The straight forward approach might be removing the upper tolerance from the power class definition then it means there is only lower boundary of transmit power, i.e. PC2 is ≥26dBm (-3dB), and PC3 is ≥23dBm (-3dB). It can be seen that the powers are overlapped with different power classes, then how to interpret the power class of UE transmit with 28dBm?
Observation 2:    Remove power class upper limit will make power levels overlapping among different power classes, and the interpretation of power classes need to be clarified.

Another issues is the power class between 2T and 1T. This is the notorious discussion in the past Rel-15 discussions. And the conclusion at least for Rel-16 and onwards is that UE shall achieve same power class between UL MIMO and single antenna transmission. If here we make UE transmit at 29dBm under 2T, but only allow UE to transmit at 26dBm under 1T. Does the principle of same UE power class still hold even we call them both PC2? If this is acceptable, then does PC2 UE transmit 26dBm under 2T and 23dBm under 1T is also acceptable?
Observation 3:    If PC2 UE is allowed to transmit at 29dBm with 2T, but only 26dBm with 1T, then whether PC2 UE is also allowed to transmit 26dBm with 2T but only 23dBm with 1T?
2.2 Conformance tests
As is well known, many requirements are tested under the max power, like emission requirements. During conformance testing, the max power will be checked at the first stage, only when the power is met then emissions will be further checked. This is how the conformance test cases are defined, and test platform are developed. 
If the max power range is changed, the RAN5 test cases and test platforms also need to be changed since the max power criteria is not same. Even though currently companies only propose for inter-band UL CA HPUE, but afterwards the same logic might also be applied to CA/DC PC3, SA PC3/PC2 and NSA PC3/PC2 etc. If this is the intention, then the impacts to the already existing systems are not trivial and need to be taken into account carefully.
Observation 4:    If removing Ppowerclass also is planned for CA/DC PC3, SA PC3/PC2 and NSA PC3/PC2, then the impacts to the already existing systems/specifications are not trivial and need to be taken into account carefully.
2.3 Power enhance approaches
It also has been mentioned in the original proposal discussion paper [2] that to allow 26+26/26+23 UE transmit power higher than 26dBm is to define a new power class. This is a typical and safe approach, but the only question is whether it is really deserved to define a new power class for only 1 or 2 dB enhancement? Currently in RAN4 the power class is about 3dB step which is already a trade-off between flexibility and complexity. More power class seems not a charming approach.
Observation 5:    Current 3dB power step for PC1.5/2/3 is already a trade-off between flexibility and complexity, defining more power classes among them is not a good approach.
The existing PC2 power class is 26 +2/-3, the power range is 23~28dBm. UE with two PC2 PAs, the typical max sum power is below 29dBm considering the massive production PA reliability. 
Typically in NR UE design, to compensate the high front end insertion loss caused by large number of bands and band combinations to be supported, PAs will transmit much higher powers than LTE. This makes the two PC2 PAs actually don’t have much power room left. And further to compensate the complex antenna design and large efficiency loss, UEs usually will boost the transmit power to get better OTA performance which makes PC2 output power already achieves 27dBm or even higher. 
It means the room for power enhancement by removing the upper limit actually is only around 1.5dB which is not a big improvement. 
Observation 6:    The room for power enhancement by removing the upper limit is only around 1.5dB considering the PA reliability in massive production and also the already power boosting to compensate RFFE IL and antenna efficiency loss.

Further consider the power consumption and thermal issues which already been challenging for 2T PC2 UEs, transmitting even higher power for PC2 UE is not a good choice from UE performance perspective.
Observation 7:    Power consumption and thermal issues already been challenging for 2T PC2 UEs, transmitting even higher power is not a good choice from UE performance perspective.
No matter removing the upper limits or introducing new power class, the benefits seem not big enough but potential impacts to the specifications are big. If companies still have much interest in this power enhancement, maybe one alternative but small change could be considered, i.e. introduce a 2dB or 3dB power boosting UE capability similar as the capability introduced in switched UL transmission (or super UL) topic. PC2 UEs that can transmit higher power can report this power boosting power capability but the power class is still PC2. With this approach, the impact is small meanwhile the purpose of allowing UE transmit higher power can be achieved.
Observation 8:    No matter removing the upper limits or introducing new power class, the benefits seem not big enough but potential impacts are big.
Observation 9:    Another alternative is to introduce a 2dB or 3dB power boosting UE capability similar as the capability introduced in switched UL transmission (or super UL) topic while keeping PC2 definitions.
In summary, there are still aspects needs to be further considered and the impacts evaluated. Removing the upper limits of Pcmax_h is not trivial even the intention is understood. Common understanding and thorough analysis will be needed.
Proposal 1:         It is proposed to do more analysis on the impacts and achieve common understanding before removing upper limits of Pcmax.

Proposal 2:         Consider introducing 2dB or 3dB power boosting UE capability while keeping PC2 definitions to allow UE transmit higher power levels.

3 Conclusion

Power class

Observation 1:    Remove Ppowerclass from Pcmax_h, will allow UE transmit power higher than 28dBm which is not compatible with current power class definition.

Observation 2:    Remove power class upper limit will make power levels overlapping among different power classes, and the interpretation of power classes need to be clarified.

Observation 3:    If PC2 UE is allowed to transmit at 29dBm with 2T, but only 26dBm with 1T, then whether PC2 UE is also allowed to transmit 26dBm with 2T but only 23dBm with 1T?

Conformance tests

Observation 4:    If removing Ppowerclass also is planned for CA/DC PC3, SA PC3/PC2 and NSA PC3/PC2, then the impacts to the already existing systems/specifications are not trivial and need to be taken into account carefully.
Power enhance approaches
Observation 5:    Current 3dB power step for PC1.5/2/3 is already a trade-off between flexibility and complexity, defining more power classes among them is not a good approach.
Observation 6:    The room for power enhancement by removing the upper limit is only around 1.5dB considering the PA reliability in massive production and also the already power boosting to compensate RFFE IL and antenna efficiency loss.

Observation 7:    Power consumption and thermal issues already been challenging for 2T PC2 UEs, transmitting even higher power is not a good choice from UE performance perspective.
Observation 8:    No matter removing the upper limits or introducing new power class, the benefits seem not big enough but potential impacts are big.
Observation 9:    Another alternative is to introduce a 2dB or 3dB power boosting UE capability similar as the capability introduced in switched UL transmission (or super UL) topic while keeping PC2 definitions.
Proposal 1:         It is proposed to do more analysis on the impacts and achieve common understanding before removing upper limits of Pcmax.
Proposal 2:         Consider introducing 2dB or 3dB power boosting UE capability while keeping PC2 definitions to allow UE transmit higher power levels.
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