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1	Introduction
This contribution provides UE considerations for UE’s that support both 4RX AP and CA.

2	Discussion
The RF front end gets more complex when UE supports inter-band CA. Although there is no direct “formula” for the degree of complexity, it tends to increase as the number of supported band combinations and/or the number of aggregated carriers increases. 3GPP has derived the CA requirements based on “single-antenna” design, meaning there is one main antenna and one diversity antenna. By doing this 3GPP has guaranteed implementation flexibility.

Introduction of 4RX AP will naturally increase the number of (cellular) antennas and signal paths in the UE. This of course increases RF front-end complexity compared with 2RX AP.

We envision that in future the same UE’s will support both multiple CA combinations and 4RX. To put these two together is a massive exercise. In this contribution we will consider if something special should be accounted in the specifications to support both of these.
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[bookmark: _Ref434571644]Figure 1 4RX architecture
Figure 1above illustrates simplest form of 4RX architecture for FDD (duplexer) or TDD (Filter+switch). Frequency sets some constraints on the device form factor and size, for instance supporting low bands (<1GHz) is not feasible with current technologies in mobile handsets. In fact, the support of high bands (>1GHz) is not straightforward either. In order to make use of 4RX in practice (=over the air) the antenna performance needs to be at good level. There are not too many places for additional antennas where good antenna performance can be achieved as the circuit boards of modern handsets are already very crowded. Because of that, the traces tend to get longer for at least some of the four antennas resulting in higher trace loss. Due to practical constraints it is quite likely that the antennas that don’t have TX will suffer from longer traces.

Observation1: In 4RX the antenna placement is challenging and may lead into higher IL due to increased trace losses
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[bookmark: _Ref434582234]Figure 2 4RX+CA architecture
Figure 2 above illustrates quite simple example of RF front end when UE supports 2-band inter-band CA and in addition 4RX for these bands. One can see that a diplexer is used for each antenna to divide the signal before band filters. 

In short, supporting both inter-band CA and 4RX does not reduce the amount of RF front-end components in baseline cases. Thus the losses present in CA are also present in 4RX mode.

Observation2: Supporting both inter-band CA and 4RX does not reduce the amount of RF front-end components in baseline cases. The losses present in CA are also present in 4RX mode.

Based on these observations we can conclude that if UE supports both 4RX and CA, the losses and thus ΔTIB and ΔRIB should be at least on the same level for 4RX+CA UE as they are for CA UE. Especially ΔRIB faces some pressure because of potentially longer traces and higher IL.

Proposal1: ΔTIB and ΔRIB for a UE that supports CA+4RX should be at least on the same level as they are for UE that supports CA only. RAN4 should seek ways to account longer traces 

One alternative to account this additional loss would be to compensate it in 4RX REFSENS. In previous meeting there was a lot of discussion about REFSENS in general, about margins in 2RX and then about the difference between 2RX and 4RX REFSENS. Contribution [1] showed a simulation that shows the difference is about 2.5dB. 

In previous meeting the group agreed to define two deltas between 2RX REFSENS and 4RX REFSENS, one for the easy bands and one for the difficult bands. As presented in [1], the gain for 4Rx compared with 2Rx is only 2.5 dB when RF part is considered ideal, i.e. the gain and noise figure for the 4 Rx are well balanced. The same conclusion can be reached in DEMOD gain. However, as the 4 Rx RF paths can’t be well balanced because of the PCB routing, different filter usage, switching, etc, we estimate 2 dB gain is a reasonable assumption for 4Rx REFSENS considering both BB and RF. We also conducted measurements for 4Rx REFSENS, and they show even smaller gain than our estimation. Therefore our suggestion is to define a delta of 2.5dB for the easy bands and a delta of 2dB for the difficult bands. This proposal accounts also the longer trace losses and addresses online comments about margins in 2RX.

Proposal2: 4RX REFSENS delta to 2RX REFSENS is 2.5dB for the easy bands and 2dB for the difficult bands





3	Conclusion
Considerations on the UE architecture and REFSENS for UE’s that support both 4RX AP and CA were provided with the following observations and proposals.

Observation1: In 4RX the antenna placement is challenging and may lead into higher IL due to increased trace losses
Observation2: Supporting both inter-band CA and 4RX does not reduce the amount of RF front-end components in baseline cases. The losses present in CA are also present in 4RX mode.

Proposal1: ΔTIB and ΔRIB for a UE that supports CA+4RX should be at least on the same level as they are for UE that supports CA only. RAN4 should seek ways to account longer traces in ΔRIB.
Proposal2: 4RX REFSENS delta to 2RX REFSENS is 2.5dB for the easy bands and 2dB for the difficult bands
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