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Introduction
In the RAN#90 e-meeting, a new work item was agreed [1] upon to introduce PC2 for FDD bands. In this contribution we study the impact PC2 operation on the RE front-end in terms of performance, reliability and thermal aspects.
Discussion
Work item [1] objectives are copied here:
The objectives of the core part are as follows:
1) Study the applicable scheme(s) for new power class 2 UE for one NR FDD band to comply with the SAR limits with 26dBm UE Tx power, the example band for this study is NR band n1 and n3. 
a. Study candidate SAR solutions, e.g. P-MPR, duty cycle capability, etc.
b. Study regulatory requirements related to 26dBm Tx power in FDD bands including SAR.
Note: Prioritize studies for the existing SAR solutions.
2) Study interference issues (e.g. self-desense, cross device coexistence…). 
a. Study RF requirements for PC2 UE in FDD band, including self-desense requirements, Tx requirements such as A-MPR, and so on.
b. Study adjacent channel co-existence for FDD band.
c. Investigate issues related to in-device interference, if identified.
3) Study UE implementation related issues such as RF component feasibility to support 26dBm output power in band n1 and n3 at first. Other example FDD bands are not precluded, if needed.
4) Evaluate system performance gains on spectrum efficiency, and other metrics if needed could also be taken into account, to support NR FDD HPUE.
It is clear that most of these objectives impacting the UE design are related to the RF front-end technology and its ability to maintain performance at 3dB higher power. Although PC2 is already proven for TDD bands, it is under a well-defined duty-cycle regime that enables to gage the thermal and reliability behavior of the RF FE components, so the management of the SAR aspects of Objective 1 will greatly influence the feasibility of the RF FE components.
Compared to PC2 TDD, it should also be noticed that the filter technology is more critical for FDD bands where higher Q, tighter thermal control is needed for bands with short duplex distances and gaps. In that respect, out of the example bands only band 3 is of significance since band 1 with its larger duplex distance is relatively easy. But low FDD bands are also a concern.
Observations:
· Duplexer technology is critical for PC2 FDD band performance and feasibility and heavily depends on thermal aspects
· Example bands should focus on small duplex distance and gap and cases with high insertion losses from a thermal point of view
· Band 3 should be the focus instead of band 1
· Low FDD band for PC2 should be considered also
PC2 Power Amplifier Aspects
PC2 power amplifiers are commonly available for TDD bands today, especially in band 41. Reaching higher power is not a major issue for the mainstream PA technologies used in the UE, but the thermal and battery current aspect should be managed from both a peak and average power point of view. It is essential that the long term average power stays close to 23dBm while duty-cycle at 26dBm and the duration at 100% duty-cycle are bounded not only for SAR reasons, but also for the thermal and battery current handling.

While in NR, some TDD PC2 cases are implemented using two PC3 PAs, it has been limited to frequencies above 2.5GHz where two good antennas are available, for FDD bands that are lower, the duplication of duplexers and the availability of two good UL antennas is not favorable to such architecture.

From a performance point of view even with the additional1dB higher ACLR linearity, PC2 power amplifiers are within 1-2% of their PC3 counterparts in terms of PAE.

Proposal on PC2 Power amplifier:
· Only single antenna / power amplifier architecture is considered for FDD PC2
· Long term average power should be close to 23dBm for both SAR and thermal / power consumption aspects
· Default 26dBm duty-cycle and duration shall be bounded accordingly and account for DTX
· 31 dB ACLR is assumed
Duplexer Aspects
From a filter prospective, TDD PC2 is proven for band n41, especially for BAW technology. Nevertheless, the SAW and BAW filters reliability relates to thermal aspects, but also the peak and average power, as those dictate the current and voltage swings in the resonators. With the insertion losses, the filter also has to dissipate more power and to manage the related thermal rise uses larger devices. In some challenging FDD bands, the insertion losses may be higher thus increasing the required thermal dissipation capability.

In contrast to TDD bands, FDD bands have bigger challenges in terms of performance in order to achieve the proper TX-RX isolations and TX-Ant rejections, especially for small duplex gaps. One aspect is related to how stable the filter characteristics are with temperature. Both TC SAW and BAW have rather good thermal coefficients, but with a 3dB increase in power and the associated additional thermal rise, the variation of the filter will increase.

As an example, if we take Band 3 (not necessarily the worst FDD band), the duplexer design parameter are shown in Table 1.
Table 1: Band 3 duplexer parameters
	3GPP
Band
	UL Low
	UL High
	DL Low
	DL High
	ULBW
	DLBW
	duplex
	gap
	UL%
	DL%
	gap%

	3
	1710.0
	1785.0
	1805.0
	1880.0
	75
	75
	95
	20
	4.3%
	4.1%
	1.1%



Observation for Band 3 duplexer parameters:
· Duplex gap is only 20MHz which represents ~1% bandwidth
· >50dB TX-RX isolations shall be achieved within that small gap and any additional frequency shift due to PC2 related temperature increase will degrade this performance while to be on par with PC3 performance 3dB higher isolation would be needed to prevent receiver de-sense due to TX noise or receiver non-linearity due to the remaining strength of the UL signal
· Note that duplexer challenge is increased for increased BW and decreased gap, band 2, 3, 8, 25, 26, 28, 71 and 74 are such critical bands
· Further note that many of these mid bands have the additional challenge that they part of quad-plexing up to hepta-plexing cases

From a performance point of view, assuming that the additional variability due to the PC2 thermal aspects is managed, today’s state-of-the-art duplexers achieve better isolation than what was used as an assumption for LTE FDD bands and copied to NR, so an easy way to maintain the PC3 performance for PC2 is to assume an additional 3dB of Tx-Rx isolation compared to the original 50dB.

Proposal on duplexer:
· To assess reliability and thermal behavior of duplexers and ultimately the TX-RX and TX antenna performance assumptions for PC2 REFSENS and band protection:
· Peak and average power and thermal reliability and variability aspect should be studied with band 3 as example band
· Long term average power should be close to 23dBm for both SAR and thermal/power consumption aspects
· Default 26dBm duty-cycle and duration shall be bounded accordingly and account for DTX
· Legacy PC3 assumptions on Tx-Rx isolation and TX-Ant can be re-used for PC2 as a starting point
· FFS if duplexer assumptions can be improved by 3dB to account for state-of-the-art performance depending on reliability and thermal aspects. This can be discussed per band
UE RX and Coexistence Aspects
As discussed above, the state-of-the-art performance of duplexers is better than the numbers used for LTE and NR. Assuming a 3dB better TX-RX isolationsand TX-antenna rejection, the same coexistence and REFSENS performances than PC3 should be achievable for PC2. This is provided that reliability and thermal aspects are well controlled and verified at least for the most demanding bands with small duplex gap like Band 3.

Proposal on UE RX and coexistence: revision of REFSENS and coexistence specification for PC2 should wait for duplexer performance and reliability assessment based on well-defined peak and average power profile.
Conclusions
In this contribution, we provide a high level study of the impact of PC2 FDD operation on RF FE components in term of reliability and performance that will ultimately drive the associated UE requirements. the following proposals are made.

Proposal on PC2 Power amplifier:
· Only single antenna / power amplifier architecture is considered for FDD PC2
· Long term average power should be close to 23dBm for both SAR and thermal / power consumption aspects
· Default 26dBm duty-cycle and duration shall be bounded accordingly and account for DTX
· 31 dB ACLR is assumed

Proposal on duplexer:
· To assess reliability and thermal behavior of duplexers and ultimately the TX-RX and TX antenna performance assumptions for PC2 REFSENS and band protection:
· Peak and average power and thermal reliability and variability aspect should be studied with band 3 as example band
· Long term average power should be close to 23dBm for both SAR and thermal/power consumption aspects
· [bookmark: _GoBack]Default 26dBm duty-cycle and duration shall be bounded accordingly and account for DTX
· Legacy PC3 assumptions on Tx-Rx isolation and TX-Ant can be re-used for PC2 as a starting point
· FFS if duplexer assumptions can be improved by 3dB to account for state-of-the-art performance depending on reliability and thermal aspects. This can be discussed per band

Proposal on UE RX and coexistence: revision of REFSENS and coexistence specification for PC2 should wait for duplexer performance and reliability assessment based on well-defined peak and average power profile.
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