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1.  Introduction 
Since the WIs relevant to 8+28 CA were approved [1][2], there have been a couple of comments that performance of 8+28 might not be so good due to difficulties in quadplexers such as [3]. Two filter simulation results presented so far [4] unfortunately tend to be on the poor performance side and a request for optimization was expressed in the last meeting [5]. This paper is intended to seek for reasons on relatively poor performance of the B8+B28 quadplexer based on the discussions with filter vendors and addresses switch issue raised in [5].
2.  How a quadplexer works
When the separation of two bands of interest is small like L-L or H-H, we tend to rely on a quadplexer instead of a standalone diplexer and B8+B28 is also the case. A quadplexer is a parallel connection of (B8 and B28) duplexers as depicted in Figure 1. Simplified explanation is described below.
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Figure 1: Example of quadplexer configuration

2.1  Duplexer

A duplexer in general needs a phase shifter or two, as in a red box of the figure above. Considering Rx signal coming from the antenna port, the ideal situation is that all the received signal goes to Rx port and none to Tx port. This is realized if Rx port looks perfectly impedance-matched in the frequency of interest while Tx port looks “open” or perfectly mismatched in the frequency.  For Tx signal, Tx -> antenna should be matched but mismatched in Tx -> Rx direction to make all the Tx signals going toward the antenna port. The phase shifter is to create such a situation or as close as possible. 
If condition of matched or open is deteriorated or compromised, a portion of Tx/Rx signal goes into Rx/Tx port and this causes loss of signals (leakage), becoming a part of “insertion loss” of the duplexer. In principle, perfectly matched or open can be attained at a spot of frequency so performance loss occurs more or less in other region of the band. The current parts specification might pick up the worst value within the range of frequency of interest.

2.2  Quadplexer
When a quadplexer is configured with parallel connection of two duplexers, new demands come to the phase shifter(s) to make Tx and Rx portion of the other band open in addition to its original requirements. The phase shifters should then be modified to accommodate these requirements but normally it is impossible to attain all on matched or open at the same time, especially when the bandwidths of target bands are broad. 
In [5], it was commented that B8+B28 should be easier because of their relatively larger inter-band distance but a real problem might be in relatively large bandwidths both in B8 and B28 that make uniform treatment difficult. 

[Observation -1]  Broader bandwidths are a reason for inadequate quadplexer performance in Band 8 and Band 28.
3.  Possibility for optimization 
3.1 　Quadplexer
Based on the mechanism above, additional insertion loss (IL) would come from two factors, individual (additional) parts in phase shifters and leakage of wanted signal to the other ports. Unfortunately there is a trade-off: to reduce leakage, phase shifters should be further precise with additional parts/complexity but this could be at the cost of increased IL and vice versa. In addition, due to the limitation of parts structure, it seems hard to introduce complicated phase shifters. 
It seems hard also to consider trade-off between other factors such as isolation because some of the figures shown in [4] are on the border so a compromise, if happens, might mean performance loss such as in REFSENS. 
One possibility is to limit operation to smaller IL portion (or tune for certain range of a band) as discussed in [6]. But this is not suited for (1/3+)8+28 since operators’ demands for frequency ranges would largely be diversified. 
[Observation -2]  Optimization of quadplexer seems hard considering broader and diversified demands of Band 8 and Band 28.

3.2 　Elimination of switches in Band 8 paths
Another point raised in [5] was the possibility to eliminate switches in Band 8 paths to select B28A/B28B duplexers. Upon discussion with UE vendors, the result is unclear: it may be or may not be possible. 
Firstly, two branches of B28 are implemented in RF as if these are two separate bands. So B8+B28 CA is the same as two L-L CAs like B8+B20 and B8+B27 supported simultaneously. Only difference is that it is impossible to drop one of these CAs, like supporting B8+B28A but B8+B28B not. Thus, as long as an implementation permits to support two B8+Low Bands CAs, there is no difference from B8+B28 case. As demand has not been raised so far in RAN4 whether extra relaxation for a switch is required for simultaneous support of two L-L CAs sharing a common band, e.g. B8+B20 and B8+B27, there seems to be no need to discuss about an extra switch to throw B8 path to B28A/B28B.
From UE vendor standpoint, on the other hand, a concern is in the number of available switch ports when the possibility of an extra switch is excluded in RAN4 requirement. As noted above, an extra switch should be reserved for this purpose when B8+B28 is supported but this depends on how many bands/CAs/RATs are to be supported in the UE and its architecture assumed.
In this sense, although it may be quite possible to eliminate switches from implementation standpoint, it may be slightly risky to assume this way in the context of minimum requirement fashion of 3GPP standard. 

[Observation -3]  The elimination of switch in B8 seems hard from the standpoint of minimum requirement in RAN4.
4.  Filter evaluation
For Vendor C in [4], it was found that they need more time to rework their B8 and B28A/B duplexers to create a quadplexer so it seems that they cannot catch up with the WI schedule. Then we have invited the other vendor (D) to run evaluation on whether the current values can be justified or improved based on their products (only commited to B8+B28B). The result is expected by RAN4#76-bis in Sophia Antipolis. 
There has been a couple of outstanding issue so far such as:

1) A proposal (Vendor A in [4]) does not offer sufficient cross-band isolation (worst : 40dB) .

2) In general, additional ILs obtained were not small, say 1.5 – 2dB in the worst band.

We’ like to hear group’s view on those.
5.  Conclusion
This contribution explains technical complexities relevant to B8+B28 quadplexers and updates current status. It seems hard to eliminate IL further or optimize circuitry judging from feedbacks obtained so far. Prime observations are: 
[Observation -1]  Broader bandwidths are a reason for inadequate quadplexer performance in Band 8 and Band 28.
[Observation -2]  Optimization of quadplexer seems hard considering broader and diversified demands of Band 8 and Band 28.
[Observation -3]  The elimination of switch in B8 seems hard from the standpoint of minimum requirement in RAN4.
Because a filter vendor cannot catch up with the current schedule, we have arranged the 4th vendor (Vendor D) to prepare simulation data. We plan to conclude technical evaluation by RAN4#76-bis in Sophia Antipolis.
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