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1. Introduction

In the last RAN4 #75 meetings and RAN Plenary #67 meeting, WF on the antenna isolation was agreed[1] to study the isolation or coupling level between main and diversity antennas  as below. 
· RAN4 shall study the “antenna coupling” /”antenna port coupling” which is needed for the MSD/REFSENS calculation.  RAN4 is expected to resolve the MSD technical discrepancies before end of Release 13.
· Based on specific operator requests (on a per band-combination basis), the values of the completed CA combinations with MSD issues shall be reconsidered (based on normal RAN4 approval procedure) for Release 14 specifications, to align with the corrected MSD assumption.
· The general principle is that MSD calculation for ongoing CA combinations with MSD problems shall be based on the corrected MSD assumption in Rel-13.
· The current MSD values in the brackets that are captured in the submitted CR for CA B3+B40 at RAN#68 (RP-150668 and RP-150673) are accepted and the CRs are approved to close the two CA Wis. Further inputs for CA B3+B40 at RAN4#76 will be taken into account in finalizing the MSD values.
In this contribution, we provide our view on antenna isolation of LTE UE.
2. How to define UE sensitivity in LTE-A
For MSD analysis, RAN4 consider 10dB antenna isolation to define CA UE sensitivity levels. But interested operators have concerned on the antenna isolation level in conducted test. They expected that the antenna isolation could be reached at least 50dB between main and diversity antennas in the conducted test mode.
 To study this discrepancy, we trace back in rel-10 LTE-A CA UE. For the MSD analysis of B4+B17 with 1UL/2DL CA, RAN4 consider 10dB to define UE sensitivity level by 3rd harmonics problem of B17 [2]. And also, the antenna isolation level was considered for MSD analysis of dual uplink CA [3] for all class A4 CA band combinations. 
The MSD level can be derived by combining the received signal level in main and diversity antenna as below for example
· MSD level = REFSENS - MRC diversity gain between Main ant. and Diversity ant. Signal level
= -97dBm/CBW –(-89.4dBm) = -7.6dB
· Main ant. Signal level : Thermal noise + Interference level of IMD3/4/5 products
E.g.)  10*log[10^ (-10.4)+ 10^(-8.0)] = -79.98dBm 
· Diversity ant. Signal level : Thermal noise + (Interference level of IMD3/4/5 products of Main path+ Antenna isolation level)
E.g.) 10*log[10^ (-10.4)+ 10^(-9.0)] = -89.83dBm

· MRC combined Signal level : -90.26dBm
If we consider 50dB isolation level, then diversity antenna signal level is -103.98dBm. The MRC combined signal level is -104dBm, therefore the derived MSD level can be 0dB. 

But this level is not realistic REFSENS level for small form-factor UE in real field. TS36.101 represent on the main UE RF requirements for LTE UE regardless of wired or wireless environments. For the REFSENS test configuration, if we modify the antenna isolation level as 50dB, then the REFSENS requirements is valid only for the conducted test mode. And also it is not possible to achieve the level in mobile communication environments. Furthermore, RAN4 do not have an appropriate REFSENS requirement for mobile phone in each operating bands.

Therefore TS36.101 does not represent major UE RF requirements for LTE system.

Observation1: If RAN4 modify the antenna isolation with 50dB for REFSENS test in TS36.101, there was no an appropriate REFSENS requirements for mobile communication environments.

3. Candidate solutions for Antenna isolation issues
The antenna isolation issues can be critical impact on the UE REFSESN requirements. If new antenna isolation levels are defined in RAN4 meeting, then the REFSENS values of the completed CA combinations with MSD issues shall be reconsidered [1]. 

But this agreement can give impact to the legacy LTE CA UE in global market. Hence the new isolation values should be considered from rel-13 since there would be no impact to the legacy CA UE.

One candidate solution is that antenna isolation test can be included in MIMO-OTA test in TS37.144. But it is quite difficult to define the MIMO-OTA test with the test configuration and procedure by antenna isolation. This SI started at 2010, but the WI has been still discussing in RAN4. Also MSD test is not scope of MIMO-OTA test. 

So we prefer not to add the antenna isolation test in the OTA test requirements.
Second candidate solution is that RAN4 request RAN5 to change of the configuration of MSD test with 10dB attenuator or coupler for REFSENS requirements. But it also needs further discussion in RAN5. And also if the UE has over 10dB isolation, the MSD test can be failed by 10dB coupler. Therefore it would be exhausted many meeting cycles to make an appropriate test configuration in RAN5.
Third candidate solution is that antenna isolation should be considered to derive MSD level, but the antenna isolation can be modified according to the operating bands and Device types.

Interested vendors provided antenna isolation levels [4][5] based on the frequency bands and device type. Generally, 10dB antenna isolation level is reasonable in low frequency bands (fc < 1GHz) but the isolation level is larger than those of low bands in high frequency bands (fc > 1.7GHz).

Observation2: The antenna isolation level as 10dB is reasonable for REFSENS test requirements in low frequency bands, but the level can be modified in high frequency bands by consensus.

One notable point is that antenna isolation is different between smartphone and USB dongle.

So RAN4 should make a consensus to define the MSD levels with reasonable antenna isolation level for the operating bands.

We prefer the third candidate solution for antenna isolation issues. RAN4 can make a consensus the antenna isolation levels before to decide the MSD level according to the CA band combination.

Proposal: Antenna isolation level should be considered to derive MSD level, but the level can be modified according to the CA band combinations. The new values should be considered from rel-13 CA UE.
4. Conclusion 
This contribution provides our views to solve the antenna isolation issues of CA UE. We present our observations and proposal as follow

Observation1: If RAN4 modify the antenna isolation with 50dB for REFSENS test in TS36.101, there was no an appropriate REFSENS requirements for mobile communication environments.
Observation2: The antenna isolation level as 10dB is reasonable for REFSENS test requirements in low frequency bands, but the level can be modified in high frequency bands by consensus.
Proposal: Antenna isolation level should be considered to derive MSD level, but the level can be modified according to the CA band combinations. The new values should be considered from rel-13 CA UE.
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