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1	Introduction 

The concept of MSD (Maximum Sensitivity Degradation) defined as an exception for REFSENS requirements on the victim DL carrier in a band combination have been introduced since the emergence of E-UTRA carrier aggregation and carried on to NR CA and DC combinations. It is used to quantify the worst-case REFSENS impact from UL interference to victim DL carriers via various mechanisms such as UL harmonics, 2UL inter-modulation, cross-band interference due to UL and DL band proximity, and harmonic mixing. Depending on the carrier configurations and interference mechanism, the MSD value may range from low single-digit dB to 30+ dB based on the typically assumed RF front-end components linearity and isolation performance [1]. The concern for band combinations with MSD above 20 dB has been raised which may restrict the usage in certain carrier configurations and render the operators to become less interested in configuring those combinations for UE. However, MSD has been defined as the minimum requirement under a particular worst-case test configuration. It is not meant to be used for network scheduling nor as a criterion on whether the combination can be configured or not for UE. In most cases, UE MSD should perform better than what is specified in the technical specifications as the said MSD would represent the high tail value of the statistical distribution on UE MSD performance. On the other hand, when the interference is misaligned with the victim DL carrier in frequency, the impact to REFSENS should be less than the specified MSD. Furthermore, when UL aggressor power is reduced, the MSD caused by 2nd or higher order interference would decrease faster than UL power reduction, as had been analyzed in [2].

As MSD for a band combination may vary substantially, if there is no signal to interference ratio (SIR) detection mechanism on UE side, network may erratically assume the UE is always subject to the MSD as defined in the specifications and the scheduling of the band combination could become very inefficient. The worst case is that these combinations might never be scheduled for any UE in any circumstance even though their MSD performance can be much better than specified under many operation scenarios. In this contribution, we propose a method for UE receiver to measure the signal to self-interference ratio for a band combination under any operating conditions where the measured SIR can be reported to the network to assist the scheduling of the band combination.                                   
2 Discussion

Figure 1 illustrates the concept of UE SIR measurement based on a typical UE receiver architecture where at the input of the antenna port, the frequency components may include wanted signal, co-channel interference, adjacent channel interference, in-band blocker, and out-of-band blocker (not shown). Along the receive path, the out-of-band blocker, in-band blocker, and adjacent channel interference are subsequently removed by various filtering stages. And at the output of the digital channel filter, only the wanted signal and the co-channel interference are left for demodulation.

Since the wanted signal and co-channel interference are on top of each other in frequency domain, the power detection by the RSSI (Received Signal Strength Indicator) would pick up the total power of the wanted signal and co-channel interference if both of them are present at the same time. In order to measure the SIR, the wanted signal and co-channel interference need to be separated in time so that their corresponding power can be sensed independently. And this can be accomplished through network scheduling as explicated below.  
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Figure 2-1 A typical UE receiver architecture to illustrate the concept of SIR measurement

For self-generated co-channel interference by UL aggressor(s) in a band combination, the interference can be removed by deactivating the main UL transmission for harmonic interference or SCell UL transmission for 2UL IMD interference. By removing the self-generated co-channel interference, the wanted signal power can then be measured alone. Similarly, the self-generated co-channel interference power can be solely measured with network instructing UE to enable all the configured UL transmissions which mimic the signals to be transmitted in the combination but without sending the DL signal. After measuring the wanted signal power and co-channel interference power separately, the SIR can be calculated by UE and reported back to the network to facilitate the scheduling of the combination.

Notice that the SIR detection may not always be necessary for a band combination with MSD specified as the self-interference may not fall onto DL carrier(s) in the real operation carrier configuration. The network can determine whether there is potential self-interference based on the following generic formula for a 2-band combination [3] with an example DC combination DC_20A_n41A illustrated herein.                
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Equations (1) and (2) above are used to calculate the interference center frequency (fINT) and its effective bandwidth (BWINT) where coefficients a, b, c, and d are defined in Table 2-1 below and CBW stands for channel bandwidth. 

	EUTRA-NR DC
Configuration
	EUTRA/NR
Band
	UL
Coefficient
	DL
Coefficient
	Harmonic/IMD
Order
	Victim
Band
	Interference
Type

	DC_20A_n41A
	20
	a
	3
	b
	0
	3
	n41
	Harmonic

	
	n41
	c
	0
	d
	-1
	
	
	

	DC_20A_n41A
	20
	a
	-2
	b
	-1
	3
	20
	IMD

	
	n41
	c
	1
	d
	0
	
	
	

	DC_20A_n41A
	20
	a
	4
	b
	-1
	5
	20
	IMD

	
	n41
	c
	-1
	d
	0
	
	
	



Table 2-1 Band 20 and Band n41 interference mixing coefficients
Formula (3-1) and (3-2) are used to indicate when the interference is overlapping with DL carrier RX1 and RX2, respectively.

When network determines there is potential self-interference impact to either DL carrier 1 or DL carrier 2 or both based on the above formula, network then schedules the measurement of signal to self-interference ratio for either DL carrier 1 or DL carrier 2 or both according to the flowchart as shown in Figure 2-2.
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Figure 2-2 Process flow of UE SIR measurement for network scheduling assistance

Notice that when the DL signal is a special SIR estimation signal with statistical properties mimicking the typical DL signal, the signal power can be estimated through cross-correlation of received signal and known DL estimation signal without the interruption of the real UL transmissions. On the other hand, the network can periodically check the UE SIR performance or trigger the UE SIR measurement on an ad hoc basis such as when there is an uplink power change or resource scheduling alteration.  

While UE vendors are striving to improve the front-end components performance to reduce the MSD value, it may not be practically feasible to completely eradicate the MSD or lower the MSD value to single digital in dB for certain band combinations. By introducing the UE SIR detection mechanism as proposed in this contribution would allow network to quantify the impact of self-interference to victim DL carrier in any operating conditions so that the scheduling of band combinations can be more efficient to potentially improve both UE and network throughput performance.

Proposal: 3GPP to Introduce UE signal to self-interference ratio measurement mechanism for assisting network scheduling on band combinations subject to MSD impact.         
   
3	Conclusion

In this contribution, we propose a method for UE receiver to measure the signal to self-interference ratio for a band combination under any operating conditions where the measured SIR can be reported to the network to assist the scheduling of the band combination.

Proposal: 3GPP to Introduce UE signal to self-interference ratio measurement mechanism for assisting network scheduling on band combinations subject to MSD impact.
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