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1. Introduction 

This contribution discusses a number of topics which should be considered when defining reference sensitivity for Band 20.  

2. Discussion

Band 20 supports channel bandwidths of 5, 10, 15, and 20 MHz with an uplink band from 832 MHz to 862 MHz and a downlink band from 791 to 821 MHz.  
2.1. Uplink configuration

Because of the moderate duplex separation afforded, the minimum uplink configuration used in the reference sensitivity test for Band 20 should be reduced to be less than the total number of resource blocks supported for larger channel bandwidths.  Using an analysis according to [1], the uplink configuration should be as shown below in the following table to contain the effect of Tx ACLR on reference sensitivity.

	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	E-UTRA Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex Mode

	20
	-
	-
	25 
	[22] 
	[19] 
	[16] 
	FDD


2.2. Transmitter Nonlinearities and Intermodulation Products

Transmitter nonlinearities and intermodulation products can also affect reference sensitivities, especially for the 20 MHz bandwidth case.  As an example, is has been demonstrated shown that Counter-IM products formed in the modulator can be significant.  As originally shown in [2] and reproduced here, the counter-IM level is approximately -36.8 dBc in the Analog Devices AD8349 example.  
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For the SSB at a frequency fc away from the LO, the counter-IM component appears at –3 fc away from the LO.  For a 20 MHz LTE signal with the LO centered in the channel bandwidth, the largest frequency component is separated from the LO by fc =9 MHz leading to a counter-IM component at 27 MHz away from the LO on the opposite side.  If the SSB is higher in frequency than the LO, the counter-IM component will be below the LO’s frequency.  Since the distance from the uplink LO to the closer edge of the 100RB downlink transmission bandwidth configuration is 32 MHz, this counter-IM component at 27 MHz below the LO does not reach the downlink.  However, intermodulation products generated by the PA from a counter-IM component can extend into the downlink bandwidth.

Since the counter-IM component is formed in the modulator, it is subjected to nonlinearities present in the PA.  Consider the 3rd order intermodulation product that is formed by the counter-IM and the SSB fundamental component.  Again consider the 20 MHz LTE signal, but in this case, assume that the SSB is on the low side of the LO (fSSB = –fc) so that the counter-IM component is on the high side of the LO (fcounterIM = 3 fc).  The third order intermodulation product between the SSB fundamental and the counter-IM at the output of the PA is then located at on the low side of the LO at fIM3 = 2 fSSB – fcounterIM = 2(–fc) –3 fc = –5fc.[image: image3.png]


 QUOTE  

  For fc =9 MHz, the IM3 component at the output of the PA does extend to the receive band causing receiver desensitization.  This is one example of a mechanism by which intermodulation products at the output of the PA can fall into the receive band.  There are other mechanisms which will also cause undesired spurious emissions to fall in the same location.

The degree to which these components affect reference sensitivity depend on a number of factors.  These factors include the level of counter-IM3 introduced by the modulator, the 3rd order non-linearity in the PA, the output power, the duplexer isolation, as well as the receiver architecture.  As an example calculation to illustrate the potential magnitude of this issue, with an assumption of -56 dBc for the amplitude of the IM3 component at the output of the PA and 45 dB duplexer isolation, the power of the IM3 component in the LNA of the receive band is -78 dBm.  Compared to the thermal noise power in the 20 MHz channel bandwidth (18 MHz occupied) of -99 dBm assuming an LNA NF of 2.5 dB, the desense is 21 dB.  To achieve a desense of 0.5 dB would require a 30 dB reduction in the level of the IM3 component reaching the receive LNA.

2.3. Additional Considerations

It may be possible for the purposes of a conducted test to rely on the performance of the diversity receiver, which benefits from increased isolation from the primary transmitter, to improve the overall measured reference sensitivity.  However, doing so ignores the possibility of a transceiver architecture that supports a second transmitter for Tx diversity.  Furthermore, the benefits of increased isolation of the diversity receiver largely vanish in real-world radiated performance due to antenna coupling.

2.4. Possible Solutions

Possible solutions to the Band 20 reference sensitivity issues are listed below.

1. Improved components
It may be technically feasible to address the abovementioned issues.  For example, better PA’s with improved linearity and better duplexers with higher isolation would certainly help.  However, the availability and size of improved components may not be desirable.

2. Remove 20 MHz as a supported channel bandwidths in Band 20

The intermodulation products as described in this contribution affect the 20 MHz bandwidth case for two reasons.  The first reason is that the wide bandwidth places the DL channel closer to the UL channel.  The second reason is that the reach of the intermodulation products is directly proportional to the distance of the Tx spectral components from the LO (fc in the notation used above).  For the 20 MHz channel bandwidths, this reach extends into the receiver bandwidth.

3. Move the UL allocation away from the channel edge for sensitivity testing
As previously mentioned, the reach of the intermodulation products is directly proportional to the distance of the Tx spectral components from the LO.  Assuming that the LO is fixed to the middle of the channel, the reach can be curtailed by limiting the distance of the lowest spectral component from the LO.  Discrete “regions” can be defined based on starting RB and number of RB’s to specify this.  Note that the disallowed DL allocation regions need to be avoided only for those UEs that are UL headroom limited and DL sensitivity limited at the same time (for example, UEs undergoing REFSENS testing).  Other UEs, for example, medium to high geometry UEs in a practical field scenario can be still scheduled in the edge regions. Therefore, the negative impact can be mitigated in exchange for scheduling restrictions and increased scheduler complexity. 
4. Sensitivity relaxation

The required sensitivity relaxation can be significant.  Only one aspect of sensitivity degradation has been discussed in this contribution, but other sources may also exist [3].
3. Conclusions

In this contribution, we have highlighted some issues to be taken into consideration when defining reference sensitivity requirements for Band 20.  The UL configuration affects sensitivity due to ACLR and must be bounded accordingly.  The counter-IM and IM3 products from the transmitter can also have significant effect on reference sensitivity for the 20 MHz bandwidth case.  Several possible solutions have also been suggested and offered for further discussion.
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