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1
Introduction

This input summarizes the finding on the REFSENS calculation and antenna isolation so far and suggests a WF.
2
Antenna isolation and REFSENS
From previous inputs to this subject, we understand:
1. There is a mismatch of the calculated to the measured REFSENS value. That has been shown and highlighted in many measurement results for various bands during the last few years: R4-122684, R4-122238, R4-145060, R4-155866.
2. We know that for conducted mode measurement there is no such coupling over-the-air as the antennas are disconnected. It is unlikely that the sum of all the possible couplings in the UE causes an equivalent coupling of 10 dB as assumed in the REFSENS calculation at the antenna ports. The test equipment does also not introduce such high coupling.
3. There are many coupling paths possible in the terminal, see figure below. The mobile designer and/or component designer have to make sure that such coupling does not degrade the performance of the terminal. 

For CA with MSD we have seen in the past that various companies introduced different paths where coupling can occur, see e.g. R4-73AH-0048, R4-73AH-0101, R4-141741, etc. This is not a good way in general how RAN4 should handle this as the specifications should not depend on individual RF/architecture designs. A more general rule is needed to guarantee that a minimum performance can be maintained without going into detail various mobile designs where coupling depends on the actual design.
Unwanted coupling between the modules and the components can be over the PCB board (multi-layer PCB), over the die of integrate circuits or even via radiation.
4. REFSENS is conducted mode measurement and should not be mixed with OTA or TRP/TRS measurements. No need to reintroduce over-the-air tests
Observation 1: Coupling in the UE depends on the actual design and layout of the RF architecture. RAN4 does not define their specification on any specific RF architecture. A more general way for the conducted mode REFSENS calculation is needed for single carrier and especially for CA with MSD. 

Proposal 1: The antenna ports (disconnected antennas) could be a reference point for the maximum allowed overall coupling in the UE in order to calculate REFSENS
Proposal 2: The actual value for the maximum allowed coupling can be obtained from REFSENS measurements on real devices. This is similar to OTA and TRP/TRS test where the values are known from measurements.
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Figure 1:  Simplified UE block diagram with discrete components highlighting different coupling paths within modules and between components, which can occur over PCB, the die in integrated circuits or even radiated coupling

3
Way Forward
In order to address the concerns above and match the conducted mode measurement better with the REFSSENS calculation we suggest the following WF:
1. Ad text to TS 36.101 that for disconnected antennas such antenna coupling does not exist (basically clarify the we are not doing OTA)

2. Use antenna ports as reference point for the maximum allowed coupling when calculating REFSENS. 
· Maximum coupling between main path and secondary path

· Maximum coupling between main Tx and Rx path 

3. Study actual coupling values in terminals from REFSENS measurements on various bands. In Rel-14 start TR as DOCOMO suggested in R4-156016
