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1	Introduction
UE self-desensitization has been a key factor used to define various requirements in LTE carrier aggregation development. However, the amount of sensitivity degradation has not been explicitly stated which might create a fuzzy boundary in some of the requirement definitions. In this contribution, we provide our view on UE self-desensitization analysis and suggest a desensitization noise density requirement for RAN4 to reference in future specifications development.     

2	Discussion
UE self-desensitization has been a key factor in defining various LTE carrier aggregation requirements, for example, the UL RB allocations in intra-band NC CA reference sensitivity tests [1], and also the inter-band CA band classification [2]. In recent RAN4 discussions relating to inter-band 2UL CA, there was a suggestion to include IMD5 in UE self-desensitization analysis [3-4], which could potentially alter the original inter-band CA band class definition where only lower-order IMD (IMD2 and IMD3) was considered. However, if the amount of sensitivity degradation caused by IMD interference or interference level is not clearly defined, it is arguable whether IMD5, or even higher-order IMD shall be considered in the analysis. Therefore, to avoid ambiguity in deriving reference sensitivity and MPR associated specifications, UE self-desensitization interference level shall be clearly defined.

Proposal 1: RAN4 shall clearly define UE self-desensitization interference level to avoid ambiguity in deriving reference sensitivity and MPR associated specifications.

2.1 UE self-desensitization analysis
Radio receiver sensitivity (S) has been commonly defined as,

S = -174 dBm/Hz + 10*log(BW) + NF + SNRdemod (in unit of dBm)

where -174 dBm/Hz is the thermal noise floor at receiver antenna input, BW is signal modulation bandwidth, NF is receiver noise figure, and SNRdemod is the signal-to-noise-radio requirement for a demodulator to achieve certain bit error rate or demodulated signal quality.

In FDD operation, receiver sensitivity could be further degraded by the noise induced from its own transmitter through transmission noise floor, receiver IP2 conversion and local oscillator reciprocal mixing. In CA operations, additional noise source into receiver could be introduced by transmit signal ACLR, harmonics, and intermodulation products from 2UL transmissions. These interference effects can all be considered as self-desensitization.

Figure 2.1-1 shows the amount of sensitivity degradation as a function of interference noise density and receiver intrinsic NF. It can be seen that under the same interference noise density, for example, -170 dBm/Hz, the desensitization level could vary from 4.12 dB to 0.64 dB when receiver intrinsic NF ranges from 2 dB to 12 dB. On the other hand, if desensitization level is kept at one fixed value, let’s say, 1 dB, the required interference noise density would differ from -178 dBm/Hz to -168 dBm/Hz when receiver intrinsic NF extends from 2 dB to 12 dB.



Figure 2.1-1 Rx desensitization level as a function of interference noise density and intrinsic NF

2.2 UE self-desensitization noise density requirement
The interference level requirement in principle can be kept relatively low, for example, less than -180 dBm/Hz, which would result in sensitivity degradation to less than 0.7 dB for receiver intrinsic NF ranging from 2 dB to 12 dB. However, this requirement could be excessively specified if it would be based upon to introduce additional MPR and/or cascade more front-end filter components.
 
Considering that a typical UE receiver NF could range from 4 dB to 12 dB (including front-end passive insertion loss), and sensitivity degradation up to 1 dB is allowed without any mitigation in desensitization noise suppression (where the benefit of noise reduction could potentially be washed out by other side effects), a reasonable desensitization noise density requirement can be set at -177 dBm/Hz.

Proposal 2: UE self-desensitization interference noise density requirement is defined at -177 dBm/Hz.
 
Figure 2.2-1 shows the amount of sensitivity degradation caused by -177 dBm/Hz desensitization noise for receiver intrinsic NF from 4 dB to 12 dB. Using this noise density requirement as a reference, we can derive the minimum IMD power level to cause self-desensitization in 2UL inter-band CA, which is,

P_IMDmin = -177 dBm/Hz + 10*log(5 MHz) = -110 dBm

where 5 MHz is the minimum IMD bandwidth from all inter-band CA combinations.



Figure 2.2-1 Rx desensitization level caused by interference noise density at -177 dBm/Hz 

3	Conclusion
In this paper, we provide our view on UE self-desensitization analysis and suggest the following two proposals for approval in RAN4,

Proposal 1: RAN4 shall clearly define UE self-desensitization interference level to avoid ambiguity in deriving reference sensitivity and MPR associated specifications.

Proposal 2: UE self-desensitization interference noise density requirement is defined at -177 dBm/Hz.
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