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Introduction
At the latest RAN plenary meeting, RAN#93-e, the new WID on high power UE (power class 2) for NR FDD band was approved even though its preceded study item could not find any solutions to handle the expected issues. The WID captures objectives of defining additional requirements such as specifying MSD requirements for NR FDD band n1 and n3 PC2 as follows [1]. 
	The objectives of the core part are as follows, taking all the outcome from SI captured in TR 38.861 into account,
1) Specify RF requirements for n1 and n3 to support both 1Tx and 2Tx architecture
2) Specify UE maximum output power, Tx power tolerance for band n1 and n3.
3) Specify A-MPR requirements for band n1 and n3 if needed
4) Specify PC2 MSD requirements for NR band n1 and n3.
· Investigate HD-duplex solution which targets at reduce MSD.
Note 1: The ability to define 1Tx and 2Tx requirements is subject to data availability.  If sufficient data is not available and/or agreement cannot be reached, the work item can be closed as long as one set of requirements is defined.
Note 2: The applicability of requirements and optional or mandatory for features can be further discussed.
Note 3: Ensure that the UE RF requirements of power class 2 UEs shall comply with those of power class 3 when the maximum transmit power is limited to 23dBm by gNB configuration.


As the progress will be checked in RAN#94-e, we have tried to determine the benefit of the FDD PC2 introduction in the view of the practical implementation, e.g., P-MPR, power consumption, etc., which could not be checked during the study item. In this contribution, we provide our views based on the result of the examination for further discussion in this meeting.
Discussion
As summarized in the TR 38.861 [2], the UE implementation-based mechanism, i.e., P-MPR, which is now considered as the default method for every high-power UE (HPUE) already in 3GPP, is proposed as the only scheme to accommodate the SAR limits of the NR PC2 FDD HPUE. An optional method of reporting duty-cycle capability was also discussed, but there is no conclusion reached. Since the P-MPR is expected to be widely used for the FDD PC2 than now for its PC3 to ensure the SAR compliance, we have taken a look at the current averaged transmitted power for a certain period. Table 1 represents a part of a SAR test report as an example.
Table 1: An example of SAR test reports
	Technology / Band
	Antenna
	[bookmark: _Hlk85727213]Plimit (1) (worst)
	Pmax (2)

	NR FDD n1
	A
	18.5
	23.8

	NR FDD n1
	B
	19.0
	23.5

	NR FDD n3
	A
	18.5
	23.8

	NR FDD n3
	B
	19.0
	23.5

	NOTE 1: Power level that corresponds to the exposure design target after accounting for all device design related uncertainties
NOTE 2: Maximum output power


As shown in Table 1, the averaged transmitted power, Plimit, which is calculated by linearly scaling with the measured SAR for a certain period shall be kept for every supported technology and band to comply with the regulatory requirement. Although it also needs to consider the case of that the device does not transmit PUSCH, i.e., OFF power, in the practical deployment, the gap between Plimit and Pmax can be considered as the averaged P-MPR which is now about 4.5~5.3 dB for the worst case of the band n1 and n3. 
Therefore, even if the FDD PC2 is introduced which assumes the dual transmissions as a UE architecture, the total averaged transmitted power shall be kept except the maximum output power. In that sense, the coverage enhancement would be not much to look at in terms of the total energy during a period.
Observation 1: Coverage enhancements with the FDD PC2 would be not much to look at in terms of the total averaged transmitted power.
[bookmark: _Hlk85746210]With regards to the averaged P-MPR, it will be even larger than the current difference between Plimit and Pmax considering all other technologies or bands with the dual transmission for the FDD PC2. If it is so, we do not see the benefit of this high-power UE feature for the FDD band due to the regulatory requirement unless other SAR schemes like a network-based solution are introduced as other HPUEs. This can be addressed why RAN4 should have more time for the optional method of reporting duty-cycle capability in future releases.
Observation 2: Considering the averaged P-MPR will be even larger than the SAR report of Table 1, the benefit of the PC2 for single FDD band is not foreseen unless other optional SAR schemes are introduced as other bands for the HPUE.
In addition, it should be noted that the increased total output power would definitely result in the increased power consumption, which is now the key of the user experience to the network satisfaction together with the data rates and latency. Therefore, UE power saving enhancements can be vital to the success of 5G, and this would be the reason why 3GPP continues its work item of UE power saving from Rel-16. In this regard, the HPUE especially for the FDD band, “always on high-power”, might need a conservative approach taking care of the facts accompanying the large power consumption. According to our initial study, in terms of the power consumption, the FDD PC2 via dual Tx would increase 105 % more than the single Tx of the PC3. Even compared to other dual Tx mechanisms such as EN-DC, the FDD PC2 is estimated by nearly 55 % higher.
[bookmark: _Hlk85643813]Observation 3: The HPUE especially for the FDD band, “always on high-power”, needs taking care of the large power consumption that is estimated by nearly 55 % higher than other HPUEs at least.
For the maximum sensitivity degradation (MSD), as noted in the WI objectives, the MSD requirement will be derived based on the increasing noise level in Rx band by the duplexer isolation and RFIC/PA noise for the PC2 transmission in FDD band instead of defining a solution to handle that. Since the band having a wide channel bandwidth is more likely to be the case of the sensitivity degradation considering the counter IMD problem such as CIM5 impact in its Rx band, it would need additional study to define the MSD. Also, the harmonic issue due to the raised leakage power from the high-power UE operation should be considered for the future combinations if it is updated with the FDD band for PC2. In order to avoid revisiting the requirement in the future like we are doing for “Low MSD”, the sensitivity degradation or harmonic impact due to the FDD PC2 introduction should be widely investigated with the harmonized architecture including 1Tx scenario based on the extensive discussions. Figure 1 describes an example of the general dual Tx architecture for the band n1 and n3.
[image: ]
Figure 1: General dual Tx architecture for the band n1 and n3
[bookmark: _Hlk85833231]Observation 4: In order to avoid revisiting the requirement in the future like “Low MSD”, the sensitivity degradation or harmonic impact should be widely investigated with the harmonized architecture including 1Tx scenario based on the extensive discussions.
When it comes to the RAN4 workload, we do not believe that having a piece of solutions in Rel-17 and strives for the additional solutions for other FDD bands in the future does not really help to implement this feature if the left-over issue cannot be prioritized in Rel-18. It would be much better if RAN4 could have complete solutions on the FDD HPUE for the practical operation in the near future with proper arrangements considering such cross-release situation. On top of that, unless multiple remaining issues described above are resolved, it would be expected that the advantage and disadvantages of this feature will cancel each other out.
Observation 5: Unless multiple remaining issues described above are resolved, it would be expected that the advantage and disadvantages of this feature will cancel each other out.
Therefore, it is our view that RAN4 should postpone the WI to have more time for the complete feature of the FDD HPUE.
Proposal 1: RAN4 should postpone the WI to have more time for the complete feature of the FDD HPUE.
Conclusion
In this paper, we provide our views based on the initial analysis on the benefit of the feature introduction in the view of the practical implementation which have to be discussed in this meeting. Discussed observations and proposals are captured as follows.
Observation 1: Coverage enhancements with the FDD PC2 would be not much to look at in terms of the total averaged transmitted power.
Observation 2: Considering the averaged P-MPR will be even larger than the SAR report of Table 1, the benefit of the PC2 for single FDD band is not foreseen unless other optional SAR schemes are introduced as other bands for the HPUE.
Observation 3: The HPUE especially for the FDD band, “always on high-power”, needs taking care of the large power consumption that is estimated by nearly 55 % higher than other HPUEs at least.
Observation 4: In order to avoid revisiting the requirement in the future like “Low MSD”, the sensitivity degradation or harmonic impact should be widely investigated with the harmonized architecture including 1Tx scenario based on the extensive discussions.
Observation 5: Unless multiple remaining issues described above are resolved, it would be expected that the advantage and disadvantages of this feature will cancel each other out.
Proposal 1: RAN4 should postpone the WI to have more time for the complete feature of the FDD HPUE.
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