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1.
Introduction
Some of the Refsens values in TS 36.101 [1] have been derived based on simulations that assume a fixed amount of coupling in dB between a UE transmit antenna and a UE receive antenna. The conducted Refsens test defined in the RAN5 Test specification TS 36.521-1 [2] is carried out with high isolation between the antennas, so any antenna-related effect of the Transmitter on the receiver is not included.

There have been several requests to include the effect of antenna coupling in the RAN5 Test case. This Tdoc investigates the feasibility in practical Test equipment.
2. Background
2.1 RAN5 Connection diagrams

Practical automated Test systems are designed to cover a range of tests of the UE transmitter and receiver, whilst maintaining a signalling connection with the UE. RAN5 specification TS 36.508 [3] contains an Annex with many connection diagrams, used to illustrate the logical connections for specific tests, one at a time. A practical Test system however has to cover all the tests. The diagram below is a synthesis of several of these diagrams, to illustrate the required functionality.

· Basic connections to serving cell

· Other cells or other RATs for RRM tests

· Downlink interferers for tests such as Blocking

· Uplink analysis equipment for tests such as EVM and spurious emissions
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As these diagrams are used to illustrate the logical connections for tests, some of the components are idealised. For example, for the two components in the brown box TS 36.508 [3] states in Annex A:
Circulator: The signal, entering one port, is conducted to the adjacent port, indicated by the arrow. The attenuation among the above mentioned ports is ideally 0 and the isolation among the other ports is ideally ∞. 

Splitter: a splitter has one input and 2 or more outputs. The signal at the input is equally divided to the outputs. The attenuation from input to the outputs is ideally 0 and the isolation between the outputs is ideally ∞. 

A similar assumption is made about combiners:

Combiner: a combiner has one output and 2 or more inputs. The signals at the inputs are conducted to the output, all with the same, ideally 0 attenuation.  The isolation between the inputs is ideally ∞.
It is clear that although idealised components can be used in diagrams and in modelling, practical test system hardware uses real components that have loss, VSWR, imperfect isolation and values that vary with frequency. There are also key requirements on signal levels at the UE that constrain the losses that can be introduced in the combining / splitting part of the RF interface:
· Maximum Blocker level

· Maximum input level

· Minimum Spurious emission level to be measured

· Signal to noise ratio to measure EVM

We note that this diagram is for the simplest possible UE connections, with one transmit antenna and two receive antennas, each of which covers all bands.
2.2 Antenna coupling
Drawing antenna coupling paths on the connection diagram shows that the introduction of coupling introduces loss at the most critical point in the system:
· The test system would have to generate a higher Maximum wanted input level

· Analysis of the measured signal would have a worse noise figure
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3. UE Antenna configurations
RAN5 specification TS 36.508 [3] recognises that UEs may have more complex antenna configurations. For example, UEs that support CA with a high band and a low band can have separate antennas for each band.

In the notation used in the diagram below, _p means PCC and _s means SCC. For example, Tx/Rx1_p and Rx2_p are the main and diversity receive antennas respectively for the PCC.
The significance of this is that when considering antenna coupling, each of the Tx antennas would have a coupling loss to each of the Rx antennas, which in the case shown involves 6 paths:

· Tx/Rx1_p to Tx/Rx1_s

· Tx/Rx1_p to Rx2_p

· Tx/Rx1_p to Rx2_s

· Tx/Rx1_s to Tx/Rx1_p 

· Tx/Rx1_s to Rx2_p

· Tx/Rx1_s to Rx2_s

The antenna coupling scenario can therefore be much more complicated than the red components shown in section 2. Crucially, the signals would have to be split more than 2 ways, and more than 2 signals have to be combined. The losses of such splitters are necessarily larger, and a coupling loss of 10dB becomes impossible even with ideal components. Adding gain in these paths would rapidly escalate the complexity.     
Figure group A.34: Connection for Rx tests for CA with additional Interferer / CW
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Figure A.34a: Connection for Rx tests for CA with additional Interferer / CW (separate connectors)

4. Alternatives in specific scenarios
Some scenarios exist where the uplink is active in a lower frequency band and the transmitter harmonics fall within the higher band downlink transmission bandwidth. These are noted in TS 36.101 [1] Table 7.3.1A-0a, for example Band 3 uplink 2nd harmonic falls within Band 42 downlink, and the Refsens value is degraded.
This could be simulated in a RAN5 test by directly applying a Test-equipment generated signal representing the uplink 2nd harmonic as an interferer to the downlink. For example the Band 3 uplink 2nd harmonic exception is allowed to be -30dBm according to TS 36.101 [1] Table 6.6.3.2-1 Note 2 and Table 6.6.3.1-2. Assuming a 10dB antenna coupling loss, the Band 3 uplink 2nd harmonic can be applied as an interferer at -40dBm to the UE Band 42 receive antennas.
In terms of Test system hardware, this is more feasible to implement than a direct antenna coupling path. 
5. Coupling loss uncertainty
RAN4 modelling of antenna coupling is based on a fixed value, and assumes no variability. When a test case is implemented in RAN5, RAN5 specifies an uncertainty for all critical parameters of the Test equipment. As coupling loss is critical, it would need to be specified in the form Coupling loss = xdB ±ydB, where x is the nominal value and y is the uncertainty.

As the test system should not fail a good UE, the minimum value of coupling loss should never be less that the core requirement set by RAN4. In practice this means that the test system has to design for a nominal value Coupling lossnom = (Coupling losscore +y)dB, so that Coupling lossmin ≥ Coupling losscore.
5.1 Mismatch uncertainty
In practice, mismatch uncertainty will exist at both ends of the coupled path:

· Mismatch uncertainty between UE Tx antenna connection and Test system

· Mismatch uncertainty between Test system and UE Rx antenna connection 

There is a difficulty here because the VSWR at the UE antenna connection is unspecified, so the mismatch uncertainties, likely to form a major component of ±ydB, are unbounded. As explained above, the nominal coupling loss has to be set ydB higher than Coupling losscore, but y is undefined. We note also that Coupling lossmax can be up to (Coupling losscore +2y)dB.
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5.2 Frequency flatness
Practical splitters and combiner have values that vary with frequency. Typically, losses increase with frequency. As any coupling network must ensure that Coupling lossmin ≥ Coupling losscore, including at low frequency, at high frequencies Coupling lossmax will increase further, and is likely to mean that the UE is tested under conditions significantly easier than the simulation, making the test of little value. 
6. RAN5 uncertainties
The additional components required to simulate antenna coupling will worsen the VSWR at the test equipment UE connector. This in turn will increase the uncertainty of any RAN5 measurement which involves absolute Tx or Rx levels, and is likely to require an update of most uncertainties in TS 36.521-1 Annex F. The consequence of this is that all the related Test limits would also need to be updated.
For test systems that also perform RRM measurements, worse VSWR would also affect RRM uncertainty in TS 36.521-3 Annex F. There are probably above 200 RRM test cases in TS 36.521-3, most of which are supported by a Test Tolerance analysis spreadsheet to derive the Test limits. A requirement to update these would involve a significant and prolonged effort in RAN5.

7. Summary 

Implementation of a defined coupling loss in conducted signal test system raises a number of concerns:

· The addition of coupling components at the UE interface makes some existing tests unviable
· A variety of coupling networks would be required in practice to cover the range of UE antenna configurations, making the target coupling loss unrealizable

· The coupling loss uncertainty would be undefined, risking the pass/fail verdict being meaningless
· It is unlikely that the coupling loss could be controlled well enough to make the test useful
· Increased uncertainties for existing tests would require significant and prolonged effort in RAN5
Certain scenarios can however be simulated in a conducted signal test system:

· Uplink signal harmonics can be applied as an interferer to the UE receive antennas
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