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1. Introduction

The assumption of antenna isolation has been an integral part of deriving reference sensitivity requirements since Rel-8.  However, recently in the context of carrier aggregation, there has been interest expressed by some operators in revisiting this assumption and how it is used to derive specifications.
2. Discussion

By convention, an assumption of 10 dB isolation between primary and diversity antennas has been used in deriving reference sensitivity requirements.  This assumption has been used for all bands independent of frequency since the Rel-8 specifications.  The same assumption has been carried forward to carrier aggregation where it is used for calculations of maximum sensitivity degradation (MSD) caused by harmonics, noise, etc. coupling from one RF chain to another.  However, it was observed that since the specifications apply to conducted requirements at the antenna port without an antenna system, the inclusion of antenna isolation appears unnecessary.  Secondly, if antenna isolation is to be included, there have been questions raised on whether 10 dB is the appropriate value to be assuming.  We treat these points separately below.
Why include antenna isolation in a conducted specification?

The 3GPP specifications are a valuable tool for all industry members to understand and predict UE minimum performance.  This insight is valuable for purposes of cell planning, for network scheduling and optimization, and to be able to ensure a uniform quality experience to the end user for whom the operator is charging a monthly subscription.  What is most valuable is the over-the-air performance of the UE since the devices are not operated in a cabled environment in real life.  However, for the sake of simplicity and to facilitate ease, speed, and repeatability of conformance testing, the specifications are primarily focused on conducted requirements with less attention to radiated performance.  Nonetheless, it is important that the specifications for conducted performance have a strong correlation and easily identified relationship with over-the-air radiated performance.  In fact, most operators rely heavily on 3GPP conducted reference sensitivity specifications, at least in part, to derive their radiated requirements for devices.  Thus, it is important to operators that the reference sensitivity specifications in 3GPP can be easily converted to a radiated device performance requirement by simple addition of antenna gain.
One element of sensitivity degradation arises from noise from the transmitters (PA noise, intermodulation products, etc) that leaks into the receivers. Leakage paths include  

1. Directly from the transmitter into the main receiver path through the front end filter, 

2. From the transmitter into the diversity receiver through the PCB, and 

3. Transmit signal that is picked up by the diversity antenna and creates interference to the wanted signal. The amount of interference is dictated by the isolation between the transmit and receive antennas. 

If 1 is higher than 2 and 3, the main driver of the MSD would be the degradation caused to the main receiver path. If 2 or 3 is higher than 1, the main driver of the MSD would be the degradation caused to the diversity receiver. Worst case antenna isolation in practical devices is in the order of 10dB while PCB isolation is around 65dB. Depending on the available filtering along the conducted path, the actual degradation to the diversity receiver may be driven by the antenna isolation rather than the PCB isolation.  Considering the above, since antenna isolation is the very often the main factor determining the MSD, it should be taken into account when deriving this value.
If antenna isolation were not included in derivation of 3GPP conducted requirements, the 3GPP specifications would no longer have a strong relationship to radiated device performance since in any practical device, there is of course finite coupling between the antennas and between other paths represented generically as antenna coupling. Similarly, if an overly optimistic assumption for antenna isolation were to be used by 3GPP, the specifications would not reflect actual minimum radiated performance and therefore such information would not be readily avialable to the operator.  In such a case, it would then be difficult if not impossible for the operator to assess the radiated performance in a straightforward manner as can be done today.  
Since the Rel-8 specifications, antenna coupling has been assumed in the analysis used to derive reference sensitivity and also CA MSD.  The inclusion of antenna effects are demonstrated in the following excerpt from Section 7.1 of TS 36.101:  “For UE(s) with an integral antenna only, a reference antenna(s) with a gain of 0 dBi is assumed for each antenna port(s). UE with an integral antenna(s) may be taken into account by converting these power levels into field strength requirements, assuming a 0 dBi gain antenna” where it can be seen that specifications are allowed to be validated using equivalent field strengths indicating that antenna effects including isolation are inherent in the requirements.

Aligning measurement procedure to conducted specification
One apparent discrepancy identified is that the conducted specification for reference sensitivity includes the effect of antenna coupling as described above, yet the test procedure for conducted reference sensitivity does not account for coupling since an antenna system is not used.  One solution is radiated verification but this can be very time consuming.  Such a discussion pertains to test procedure and is outside the scope of RAN4.  It is within RAN5’s scope to define the test procedure balancing test coverage needs against test time and complexity.  
What value should be assumed for antenna isolation?

Given that it is useful to include antenna isolation in the derivation of reference sensitivity requirements, then the appropriate value to be assumed should be studied.  In adopting an antenna isolation assumption, it must be recognized that the specifications in 3GPP are minimum performance requirements.  This is important since the operator and network planner can then be reasonably confident that all valid devices on his network will perform at least as well as the specifications dictate.  It is not useful for a specification to indicate that only some unknown population of devices will perform according to the specifications while others will not.  Of course, having a minium performance specification that is too low is also not useful if all devices exceed the requirement large margin.  Therefore, the assumed antenna isolation should be based on what is minimally achievable based on practical UE implementations.
Antenna design on a UE is increasingly challenged.  The antenna system must now support an ever-increasing number of bands with wider instantaneous bandwidth, especially with carrier aggregation.  The industrial design and material of the UE housing, the influence of the display and components within the device, the PCB form factor, and the ground structure all influence the performance of the antenna system.  There is also a tradeoff between isolation and efficiency.  Thus, if greater antenna efficiency is sought, the isolation degrades.  There are also physical constraints on the device that can significantly influence available isolation.  
In order to find the practical value of achievable antenna isolation on handset form-factors, a study was conducted to determine the influence of PCB dimension and wavelength. The results are shown in in Figure 1. Note that in this figure, losses are not included in the simulation so the absolute isolation values are lower than in practice.  However, a trend can be observed that the isolation varies significantly as a function of the geomertry of the PCB.  Unfortunately, due to size constraints on modern handsets and the space occupied by the display and battery, there is little opportunity to alter the dimensions of the PCB.  As a consequence, the achievable isolation on a practical handset is constrained by such limitations, while there may be greater flexibility for tablet form factors.  
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Figure 1.  Antenna isolation as a function of PCB geometry

Antenna isolation is influenced by several other factors besides the PCB, one important factor being the antenna efficiency. At relatively poorer antenna efficiencies, the isolation is improved but as the efficiency increases, the isolation degrades.  An increase in antenna efficiency directly relates to the amount of unwanted signal that would be coupled in.  Restrictions on placement of the antennas also impacts isolation. For example, it is common to place the antennas for voice functionality on the bottom of the phone since they are least likely to be obtructed during typical hand and head placement for a voice call.  Conversely, it is common to place antennas for data functionality on the top of the phone so that they are not blocked by hand placement for browsing applications.  Antenna placement can have a strong impact on isolation.  Thus, in additon to limited real estate on the phone to place antennas arbitrarily for greatest isolation, there also exist practical constraints on antenna placement where isolation is not the determining factor.  Therefore, our understanding of the practical antenna isolation that can be minimally achieved in a commercial handset is 8 dB, 10 dB, and 12 dB for low, mid, and high frequency bands.  

While our estimation of antenna isolation varies from 8 dB to 12 dB depending on frequency range, it is our recommendation that 3GPP retain a single value for the purpose of deriving minimum performance reference sensitivity and related specifications.  We propose that 10 dB, as has been used heretofore, be assumed as the single value for antenna isolation.  Having a single value simplifies the analyses, removes any ambiguity about isolation in antennas across different frequencies, and represents a compromise value across frequency.  Moreover, a difference of 2 dB in antenna isolation assumption has little impact on the derived reference sensitivity result.
3. Conclusion
In this contribution, we have provided our views on the assumption of antenna isolation used in deriving reference sensitvity and related requirements. Because it is valuable for these specifications to relate closely to how UE’s will perform in a radiated environment, antenna isolation has been included in the derivation since Rel-8 enabling operators to use this information directly in computing minimum radiated requirements.  Whether the test procedure should include an artificial coupling to more closely align with the RAN4 assumption is a topic for discussion in RAN5 since it relates to tradeoffs between test coverage and test time and complexity.  Lastly, based on practical constraints on commercial UE designs, we recommend that the assumed value of 10 dB for antenna isolation across all frequency bands be maintained.
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