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1. Introduction

Reference sensitivity is impacted by the RF front-end as well as the baseband demodulator.  While a previous contribution [1] discussed aspects related to the RF front-end, this contribution elaborates on the influence of the baseband demodulator and also considers how to identify which bands may have large implementation margin compared to bands that do not.
2. Discussion  
In deriving reference sensitivity, the band-specific aspects are usually examined.  These may include such aspects such as filter insertion loss, Tx noise, etc.  It is assumed that the baseband demodulator is able to achieve the necessary performance if the RF delivers a given CINR.  When discussing reference sensitivity for 4Rx, it is natural to follow this same methology and examine the RF aspects that might influence the ability to achieve a 3 dB improvement in reference sensitivity with 4 simultaneous receivers compared to 2 receivers.  However, it was observed in [2] that even without regarding the RF aspects of reference sensitivity for 4Rx, there is an inherent baseband performance limitation to be considered.  We therefore consider both the baseband and RF influence below.
2.1. Baseband influence

An independent evaluation of this baseband limitation revealed that the ability to estimate the noise and interference covariance matrix leads to reduced baseband performance, irrespective of and in addition to any RF non-ideality.  In the baseband processing, the UE is required to estimate noise/interference covariance matrix for interference rejection combining (IRC) operation.  For a 2 Rx UE, the noise/interferencer covariance matrix is 2x2 Hermitian whereby the UE is required to estimate three independent parameters based on CRS reference symbol tones.  On the other hand, for the 4 Rx UE, the noise/interference covariance matrix is 4x4 Hermitian with ten independent parameters making it much more challenging to achieve accurate noise/interference estimation compared to 2 Rx UE.  Furthermore, since the transmission mode for reference sensitivity is TM1, there are only 8 CRS tones within an RB for estimation of the noise/interference covariance matrix making it much more challenging than in other transmission modes with two or more CRS ports.

Figure 1 shows simulation results for reference sensitivity without any RF impairment.  Table 1 summarizes the CINR to achieve 95% peak.  It can be seen that the sensitivity gain of 4Rx over 2Rx is only 2.0 dB.  Thus, while in a perfect AWGN scenario with ideal channel estimation, the theoretical gain is 3 dB, with the reference sensitivity RMC, the theoretical baseband gain even without considering RF is somewhat less.
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Table 1. CINR to achieve 95% peak throughput

	
	2 Rx UE
	4 Rx UE
	Gain (4 Rx vs 2 Rx)

	SNR (dB)
	-2.5
	-4.5
	2.0


2.2. RF influence

The influence of the RF front-end has already been described in [1] where it was shown that with non-idealities in the front-end, it is not possible to achieve the theoretical improvement from 4 Rx compared to 2 Rx.  Since the baseband influence is independent of band and independent of the RF influence, the maximum achievable improvement is perhaps limited to only 1.5 dB when taking into consideration limitations from both the baseband and the RF front-end.  On the other hand, it has been argued that despite the theoretical limitation in gain from 4 diversity receivers, since there is margin in the baseline 2 Rx performance, that a gain higher than theoretically predicted can be achieved.  However, it was acknowledged that available margin might be different for each band and that bands with sufficient margin should be identified and could be specified more stringently for 4Rx than those bands with limited margin [3].  The value of reference sensitivity between an easy band and a difficult band has not been agreed.  Based on the findings above, we propose that the 4Rx gain for an easy band be 2.5 dB and be 2.0 dB for a difficult band already taking into account some implementation margin even for difficult bands.
Unfortunately, it may not be straightforward to identify which bands have sufficient margin and which ones do not.  One challenge is that the specifications must apply to all implementations.  Therefore, while there may be a particular implementation where a band has sufficient margin, for another implementation, the margin does not exist.  It is not the case that one implementation is intentionally poorer than another, but there may be other constraints on the implementation such as size, cost, and feature set.  An example is a carrier-aggregation capable device.  Suppose that a device supports carrier aggregation and therefore includes the necessary quadplexers, diplexers, and routing.  Even if the device may not necessarily be operating in a carrier aggregation configuration simultaneously for 4Rx, the additional hardware is present.  On the other hand, for most CA configurations, RIB has been defined to be zero.  Therefore, on a CA capable device, a band that might have enjoyed sufficient margin for a band may now be at risk.  If this is true, then one way to identify “easy” vs. “difficult” bands is to discriminate by whether the band is part of a CA configuration.  If it is part of an inter-band CA configuration, then it should be identified as a difficult band and if it is not part of any inter-band CA configuration, then it can be identified as an easy band.
3. Conclusion
This contribution provides insight into both baseband and RF limitations leading to the achievable gain for the 4Rx UE compared to the 2Rx UE.  Additionally, it is described that while some bands may have larger implementation margin than other bands, the margin is highly dependent upon the implementation.  An example of a UE capable of carrier aggregation is provided to illustrate the point.
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