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1. Introduction 

This contribution is a follow-up to [1] providing additional analysis for the case when a diversity receiver is considered.  

2. Discussion

In [1], we proposed limiting the UL configuration to 15 RBs for reference sensitivity in the 700 MHz bands.  The analysis we showed indicates that the current UL configuration of 20 RBs yields a 5 dB desense with a single receiver.  We chose to present the analysis for a single receiver since defining the test in this manner eliminates any assumptions about the overall transceiver architecture and its ability to support two transmitters.  We also showed that in a practical deployment, the effect of limiting the UL configuration to 15 RBs rather than 20 RBs is negligible.

In this contribution, we further the analysis by considering the case of two receivers under the assumption that the primary receiver is most severely affected by transmitter noise and the diversity receiver is enjoys a greater attenuation of transmitter noise in a conducted test because of a coupling loss.   

2.1. Receiver model

The receiver model is the same one as provided in [3].  For this analysis, we assume a combiner which sets the gains on the two Rx chains using a minimum mean squared error (MMSE) criterion.  When the noise in each Rx chain is uncorrelated (i.e., Rx thermal noise), the MMSE combiner selects the same gains as the MRC combiner would to coherently add the signal components from each Rx chain and maximize the SNR.  However, when the noise or some part of the noise in each Rx chain is correlated (such as might be expected for Tx noise), the MMSE combiner seeks to set the gains in such a way to balance the tradeoff between maximizing the signal and nulling the correlated noise.  In the best case, gains might be found which simultaneously maximize the signal and completely null out the correlated noise.  In the worst case, the signal and correlated noise arrive in the same direction so are amplified or attenuated simultaneously.  In our analysis, we assume the worst case scenario where there is no spatial diversity between the correlated PA noise and the desired signal to be received.  Additionally, we have included a loss to account for estimation errors of the combiner.
2.2. Margin

With the above receiver model, we have computed the margin to meeting the required reference sensitivity.  To obtain this margin, we have made the assumptions shown in the Table below.
	Overall NF
	10 dB
	700 MHz duplexer has 1 dB additional insertion loss

	LNA NF
	2.5 dB
	

	Duplexer isolation
	50 dB
	

	Tx to Div Rx coupling loss
	10 dB
	

	Tx floor loss
	0.5 dB
	Inherent loss due to Tx noise floor

	Implementation loss
	2 dB
	Baseband losses due to timing, frequency errors, fixed point loss, etc.

	Combiner loss
	0.5 dB
	Loss in combiner gain due to imperfect calculation of gains

	Tx noise ACLR (15 RB)
	80.5 dB
	1 dB MPR, +22 dBm output power, allocation at lower edge of UL

	Tx noise ACLR (20 RB)
	72.5 dB
	1 dB MPR, +22 dBm output power, allocation at lower edge of UL


Note that the 700 MHz duplexer has an additional 1 dB insertion loss relative to typical bands so that the overall noise figure is 10 dB.  
The Tx noise ACLR values come from actual PA measurements.  The ACLR for 20 RBs is consistent with the value presented in [2] and [3].
When a signal at the reference sensitivity power level is applied to both Rx antennas, the available margin for meeting the required sensitivity with -1dB demodulation SNR is shown below.

	UL allocation
	Margin for MMSE combiner
	Margin for MRC combiner

	15 RB
	1.6 dB
	1.6 dB

	20 RB
	-0.4 dB
	-0.5 dB


As shown, for the case where the uplink is allocated 20 RBs, the margin is negative indicating that the reference sensitivity requirement is not met.  When the uplink allocation is reduced to 15 RBs, positive margin is available so that the requirement can be met.

2.3. Practical Field Deployment Performance

The above discussion relates to the performance of the UE as prescribed in the reference sensitivity test of [4].  This is a conducted test whereby the two antenna ports are connected using cables.  Thus, the coupling loss between the two ports can be quite large so that the PA noise from the primary antenna port has a greatly attenuated effect on the diversity receiver attached to the second antenna port.  This is modeled by the Tx-to-Diversity-Rx coupling loss in the analysis above.  In an actual fielded device where communication takes place over-the-air, however, the diversity receiver is not expected to be able to enjoy such a large isolation from the transmitter noise radiated at the primary antenna.  The antenna-to-antenna coupling can be expected to be several dB lower than what we have assumed for the conducted test.  In this case, the actual practical receive sensitivity performance will be further degraded from what the above analysis shows.
2.4. Proposed Modification
For the 700 MHz bands, we propose to modify the reference sensitivity requirement such that the uplink allocation is reduced to 15 RBs.

3. Conclusions

In a prior contribution [1], we have provided an analysis which indicates that the reference sensitivity can not be met with a single receiver.  We prefer that the analysis be conducted using a single receiver model since such a model makes no assumptions about the possibility of the UE supporting two transmitters.  In this contribution, we have extended this analysis to consider the dual Rx/single Tx receiver which uses MMSE combining in the Rx.  We have shown that this receiver also fails to meet the reference sensitivity requirement for the current uplink configuration.  Thus, we propose to reduce the uplink configuration from 20 RBs to 15 RBs.
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