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1 Introduction
In RAN#67, the study on scope of 4RX requirements for UE was concluded. Based on the conclusions, a new work item was agreed [1]. As part of the WI, receiver requirements for 4RX single band usage (i.e. single-carrier and non-CA deployment) are being investigated. There are some discussions regarding CA for 4RX capable UEs. In this contribution, we provide our understanding on how to handle the CA cases with respect to 4AP UE WI. 
2 UE receiver architecture when CA is used along with 4AP UE
In order to demonstrate the filter arrangements for the receiver branches, we provide two examples of front-ends for4RX capable UEs supporting CA for low-high band aggregation and super high-band aggregation. There are obvious similarities with the 2RX AP case.
2.1 Low-high band CA with 4RX capable UE

In Figure 1, we show an example of low-band aggregation with 4RX capable UE. In this example, band X is the low band and band Y is the high band. There can be two ports in Band X and four ports in Band Y. In this case, two additional antennas for Band Y are needed. These two additional diversity antennas are assumed to be of different type as the other two low/high band antenna covering both X and Y, as shown in the left side of the figure. 
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Figure 1 An example of UE architecture for low-high band aggregation with 4RX UE capability

It is worth noticing here that there may be other ways of achieving the aggregation with 4RX capability. 
2.2 Aggregation with super-high band with 4RX capable UE
In Figure 2, we provide an example of aggregation with super-high band in 4RX capable UE. Similar to previous example, band X is the low band, band Y is high band and band Z is a super-high band. Also, similar to previous example, two additional antennas can cover the high-band and super-high band. 
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Figure 2 Aggregation with super-high band in 4RX capable UE

3 How to handle CA for 4RX capable UE?

For REFSENS testing, a cable is connected to each one of the four ports. For UEs supporting CA, one key difference compared to the non-CA capable is that the four ports will (may) have different filter arrangements depending on the CA support. The additional components in the RF path for any antenna introduced for CA support will give rise to additional insertion loss that affects the REFSENS. This is similar to 2RX ports. Different port arrangements were already the case in Rel-8 for which the diversity branch is different. For the minimum requirements in Rel-8, this was resolved by assuming that each port had the same noise performance. Afterwards, additional receiver relaxations (ΔRib) were added to account for CA support (Rel-10).  The same can be followed for 4RX UE, and then the necessary relaxation for 4RX can be added on top of it.

Hence, based on the above discussions, we propose the following for REFSENS: 

Proposal-1: For the first version of the specification, we specify REFSENS for non-CA assuming identical noise performance on each RX branch.

Proposal-2: In the next step, the additional relaxation DRIB can be added to include CA support according to the actual front-end arrangement. 

Following the proposal 2 and looking at examples in Figure 1 and Figure 2, we can probably adopt the same relaxations for 2RX and 4RX which would greatly simplify the work, thus assuming the same type of CA filter arrangements for the 4RX case.

4 Conclusion
We have briefly discussed two possible UE architectures for 4RX UE support for CA. Based on the discussions, we propose the following:

Proposal-1: For the first version of the specification, we specify REFSENS for non-CA assuming identical noise performance for each RX branch.

Proposal-2: In the next step, the additional relaxation DRIB can be added to include CA support according to the actual front-end arrangement for the CA band combination. 
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