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1. Introduction

There has been so far only limited agreement on receiver requirements for a 4Rx-capable UE.  Reference sensitivity and blocking are key requirements that have not yet been agreed.  This contribution provides discussion for those requirements.
2. Discussion

Reference sensitivity

Reference sensitivity for a 4Rx UE, compared to 2 Rx, has been discussed extensively.  In the ideal case, one would exepct a 3 dB improvement in reference sensitivity by increasing the antenna count from two to four.  However, it has been argued that in any practical UE, there are claimed a number of real-world effects [1][2][3] which would limit the gain from reaching this theoretical bound.  On the other hand, it has also been argued [4] that despite the non-idealities cited, that the available margins in reference sensitivity should enable 4Rx reference sensitivity to be nonetheless specified at a level 3 dB or lower relative to 2 Rx sensitivity.

We first consider the ability to achieve 3 dB gain in 4 Rx compared to 2 Rx ports.  It is well known that by increasing the number of independent receivers from 2 to 4, there is a 3 dB gain in SNR that can be achieved if the receiver outputs are optimally combined.  This 3 dB improvement is achieved only in the case that all four antennas are equally matched.  If one or more of the receivers is degraded, i.e., higher noise figure or lower gain due to antenna placement, routing, or components in the diversity Rx path not to mention radiated effects such as antenna volume, efficiency, and coupling, the 3 dB gain will not be achieved.  To quantify this impact, we first recognize that in actual UE devices today, the difference in performance between the primary and diversity receiver paths can vary significantly.  A difference of 3 dB is not uncommon and differences as large as 6 dB or greater can also be seen in radiated performance.  
The figure below shows the impact of antenna port mismatch on 4Rx sensitivity gain.  We consider the UE with 4 Rx ports, denoted A, B, C, and D.  Port A is the primary port and ports B, C, and D are diversity ports.  For illustration it is assumed that the first diversity port B is perfectly matched with port A in order to isolate the effect of the 4 port performance vs. 2 port performance.  Ports C and D are then studied.  In one case, port C is also assumed to be perfectly matched to ports A and B while port D is swept in performance from 0 dB to -6 dB relative.  This is shown in the blue curve below where it can be seen that in the case that all ports are perfectly matched, the maximum theoretical gain with MRC combining of 3 dB is achieved.  However, it can be seen that as the mismatch in port D grows, the 4Rx sensitivity gain decays.  For example, if port D is mismatched by 3 dB, the 4 Rx gain is reduced to 2.4 dB.  We also consider the case that antenna port C is mismatched by 1 dB compared to ports A and B, and again sweep the mismatch on antenna port D.  This is show in the orange curve.  There, the 4Rx gain drops to only 2.2 dB when the mismatch on port D is 3 dB.

[image: image1.png]4Rx sensitivity gain compared to 2Rx

—8—RxC =0 dB, RxD =[0:6]
—8—RxC =-1dB, RxD = [0:-6]

0 -1 2 3 -4 5 6
RxD SNRrelative to RxA




It can therefore be seen that while theoretically it is possible to achieve 3 dB reference sensitivity gain with 4Rx, there is a significant impact due to mismatch in each of the Rx ports on practical devices.  
It is then argued that while the gain may not reach 3 dB in reality, the specified reference sensitivity value of 3 dB higher than that specified for 2Rx can still be achieved.  The reasoning provided is that there is sufficient margin in the UE implementation to make up for any shortfall.  The difficulty in accepting the margin argument is that this same argument is applied to all cases where there is potentially reference sensitivity degradation in order to justify no relaxation.  For example, not only for the 4Rx but also for superset bands such as the AWS extension band where the legacy reference sensitivity is asked to be maintained and for carrier aggregation where RIB is not allowed for most band combinations.  The additional losses and imperfections associated with each of these cases can be additive, for example for a UE that supports 4Rx and CA in a superset band, in such a way that the noise figure increase is very large.  Yet, individually, the reference sensitivity relaxation for each of these cases is dismissed because of margins without recognizing that they can be additive.
We suggest that as a general rule, reference sensitivity for 4Rx is to be defined with a 2.5 dB gain compared to 2Rx for the same band.  On exception basis, some bands can be considered to be defined with 2.0 dB or 3.0 dB gain compared to 2 Rx if it can be demonstrated that the band is particularly challenging or overly relaxed.  Moreover, the 2.5 dB offset in specified reference sensitivity from 2Rx to 4Rx is consistent with the offset applied from 1Rx to 2Rx in the MTC discussion.  

Blocking

It was proposed in [5] that some of the UE blocking requirements might be tightened for the UE when operating with 4 Rx ports.  The tightening is implemented by maintaining the same blocker level, but lowering the wanted signal power by the amount of reference sensitivity gain with respect to 2 Rx.  One justification provided is that by tightening the requirement for 4Rx, it can be reasoned that the 2 Rx configuration need not be retested since the 4Rx is a tighter requirement.  With the assumption that such an arrangement can be agreed, we investigate the possibility to accept tightening of some of the blocking requirements.
The requirements presented for discussion of tightening are in-band blocking, spurious response, out-of-band blocking, narrow-band blocking, and wide-band intermodulation.  For each of these requirements, the ratio between the interfering signal power and the wanted signal power should be maintained independent of whether the receiver is operating with 2Rx ports or 4Rx ports.  Both the wanted signal and the interfering signal are received identically on all four antenna ports so that the interfering signal and the in-band noise that it generates through nonlinearities in the receiver are correlated.  Since this interference and noise are correlated, then there is no diversity gain to be achieved with 4Rx receivers as shown in [6].
Tightening of these requirements by lowering the wanted signal power level by the amount of reference sensitivity gain with 4Rx compared to 2Rx introduces additional design risk to the UE.  These blocking requirements set the linearity constraints on the design of the receiver and have impact to cost, current consumption, etc.  Therefore, it is generally not agreeable to accept specification tightening without a demonstrated need and without other benefits to mitigate the additional design risk.  
Therefore, as a package, if it can be agreed that tightening 4Rx requirements for in-band blocking, spurious response, out-of-band blocking, narrow-band blocking, and wide-band blocking can be agreed if and only if 2Rx testing can be omitted for these same requirements.
3. Conclusion

In this contribution, reference sensitivity is considered for 4 Rx.  It is recommended as a default for all bands to specify a 2.5 dB reference sensitivity improvement for 4 Rx compared to 2 Rx.  Exceptions can be considered for particularly challenging to overly relaxed bands to 2 dB or 3 dB.  For blocking requirements, a tightening of requirements whereby the interferer power level is constant but the wanted power level is lowered by the improvement in reference sensitivity gain can be agreed only if as a package it is agreed that 2 Rx would not be tested for these same requirements.
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