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1 Introduction
RAN4 has been discussing the mandatory support and procedure how to clarify on which bands the UE shall be required to support PCell in different CA configurations. In addition to the agreement in RAN4#74bis way forward document (R4-152433 [1]), RAN4#75 way forward (R4-153930 [2]) listed one of the targets as to discuss further about the mandatory support for the configurations in table 7.3.1A-0a.  
In RAN4#75, Microsoft discussion (R4-152854) presented implementation challenges and practical problems in mandatory support for the configurations in table 7.3.1A-0a. In the meeting discussion the performance impact, in particular in the case of using a harmonic trap filter (HTF), was questioned.  
This document provides an example of an implementation using HTF with CA_4A-12A and a sensitivity impact while using active antenna tuner, including a proposal for these configurations mandatory/optional PCell support. 
2 Harmonics impact in Table 7.3.1A-0a configurations
Table 7.3.1A-0a defines those CA cases where transmitter harmonics fall within the downlink transmission bandwidth assigned in a higher band (HB), which are considered as exceptions to the sensitivity requirements by relaxed limits. 

A common UE implementation to overcome this issue, the use of HTF and active antenna tuner and SCell receiver performance impact, is discussed in this chapter. 
2.1 Necessary upgrades and antenna interface
In RF front end (RFFE), the necessary upgrades include additional low pass filtering, choose of more linear components and using separately shielded low band PA. These changes increase the cost and size slightly, but are relatively straightforward from the design point of view.
In antenna interface the main drawback is that the use of active antenna tuner becomes challenging, because tuner is directly at the antenna interface and harmonics generated in tuner cannot be filtered. This leads to compromises between antenna size and/or antenna performance, which more often than not, are impractical and unacceptable.
Observation 1: RF front end upgrades are fairly straightforward, but the use of active antenna tuner requires compromises in antenna size and performance.
2.2 Sensitivity measurement setup
· PCell = Band 12 
· UL channel center frequency = 710 MHz
· PCell UL power = +23 dBm 
· Allocation = 8 RBs at high end of the channel
· Band 4 sensitivity measurement is swept from low channel to high channel with 500 kHz step
· Radiated measurement absolute TRS level is not calibrated and conclusions should be drawn based on relative levels only
· Measurement is taken to one direction (relative levels are correct)
2.3 CA_4A-12A Sensitivity Measurement
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In the measurement figure, the red dots show the radiated measurement results where, the off balance distributions in the middle are in the range where harmonics are. 

From the blue dots, it can be seen that the conducted measurement would pass using a harmonic trap filter, but there is a large impact in the radiated performance shown in red. As mentioned in 2.1, this is because the tuner is directly at the antenna interface and harmonics generated in tuner cannot be filtered. Harmonics could be possible from other components as well, however, the antenna tuner is more likely to be the main source of interference. 
Corrections to the implementation are possible, but there is no guarantee on how long it takes and whether the impact can be reduced enough for acceptable performance. 

Observation 2: The radiated performance in high band can be very problematic with table 7.3.1A-0a, and most likely it doesn’t make sense to implement PCell support on the low band when the UE design requires the use of an antenna tuner. 
2.3 Product implementation of Class A2 configurations
From the product development schedule point of view it is very challenging to plan PCell support for the harmonic exception cases reliably, because simulating harmonic levels (including all possible components and coupling routes) is not accurate. 
The final performance cannot be found out before the end of the product program, when the actual HW can be measured. In that phase, it is very unlikely (i.e. too late) that fundamental design changes, such as changing the antenna interface, can be done. This includes changes in antenna mechanics for allowing different, more linear, tuneable matching network design.
So, it is possible to meet the requirements in Table 7.3.1A-0a, however, the design, complexity and other RF performance requirements of the product would more often than not, force the manufacturer to leave the CA configuration completely out from the product if PCell is mandatory in both/all of the bands. 

Observation 3: In these cases where such performance exists, with table 7.3.1A-0a, if PCell is mandatory in both/all bands the only option is to drop the CA configuration completely from the product.
3 Conclusion

Using a standard UE implementation to reach the limits defined in 7.3.1A-0a has been found unfeasible, forcing often to use impractical solutions. 

Proposal: In order to not limit the device implementation in regards to Table 7.3.1A-0a configurations only to certain types of device designs and therefore, potentially reduce support for these configurations, the proposal is to make PCell support optional in CA configurations in Table 7.3.1A-0a.
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