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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 in various mechanisms such as UL harmonics, 2UL inter-modulation, cross-band interference due to UL and DL band proximity, and harmonic mixing. It is also one of the most attended parameters when a new CA or DC combination was introduced and had consumed substantial RAN4 time and efforts in basket WI TP drafting and review process. 

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]. While the concern for band combinations with MSD above 20 dB has been raised which may restrict the usage in certain carrier configurations, some UE in the field had been seen able to perform better than what is defined in the specifications [2,3]. And the seemingly encouraging outcome has spawned the proposal to introduce a new UE capability to allow UE to indicate the support for improved MSD (or the so-called “low” MSD) [4]. While some companies have claimed the benefit on allowing network to identify UE with better MSD performance, there were also many concerns and questions raised by other companies which would counteract the proposal. In this contribution, we share our views from the aspects of MSD improvement and capability signalling which had led to our concern on whether such new capability would truly benefit the network operation or simply create more device fragmentation and RAN4/RAN2 workloads.                     
2 Discussion
2.1		MSD requirements and potential improvement

Like most UE RF requirements, MSD defines the minimum requirement for a REFSENS exception at a particular UL/DL carrier configuration where the victim DL carrier is expected to be desensitized by the cross-band UL aggressor or the overlapping 2UL inter-modulation product in a band combination. The MSD can be contributed by a number of UE front-end impairments such as RF component non-linearity and insufficient isolation in conjunction with the UL aggressor(s). The interfering signal can impact the victim carrier through either conductive or radiative coupling path or both.

MSD requirement has been derived based on a selective possible worst-case carrier configuration where UL aggressor is assumed transmitting at maximum output power per its power class without taking into account the MPR or A-MPR and the interfering signal is fully enclosed inside the victim carrier bandwidth if deemed feasible. With the spirit of defining the minimum acceptable requirement to ensure UE has sufficient production margin, the front-end filter isolation parameters under extreme temperature condition quoted from component vendors’ datasheets had been applied to derive the MSD requirement. On the other hand, MSD is usually caused by 2nd or higher order non-linear distortion where 1dB component isolation performance variation could result in more than 2dB MSD variation. As a result, it would not be uncommon to observe a randomly selected phone to have a substantially better performance than the specified MSD requirement under typical condition as the 3GPP MSD requirement would be at the tail end of the statistical distribution.

Observation 1: It would not be uncommon to observe a randomly selected phone to have a substantially better performance than the specified MSD requirement under typical condition as the 3GPP MSD requirement would be at the tail end of the statistical distribution.

To assess the potential MSD improvement, we have revisited the link analysis of an example CA combination CA_3A-42A where B42 DL can be affected by the B3 UL 2nd order harmonic. The analysis was based on the reference architecture and a set of front-end component isolation and linearity parameters proposed in [5] which are recaptured in Figure 2.1-1 and Table 2.1-1 below respectively.




Figure 2.1-1 Reference architecture for CA_3A-42A MSD derivation

	Isolation
	dB
	Linearity (IP2)
	dBm

	Duplexer Tx to H2
	25
	Duplexer/BPF
	102

	Harmonic filter
	30
	Harmonic filter
	120

	Diplexer
	20
	Diplexer
	120

	Antenna
	10
	Switch
	112

	PCB
	65
	LNA (IIP2)
	5

	B42 BPF to B3 Tx
	50
	
	



 Table 2.1-1 Front-end component isolation and 2nd order linearity parameters for MSD calculation

Table 2.1-2 summarizes the link analysis to derive the B3 2nd order harmonic power level at B42 main and diversity Rx inputs. The MSD for different DL channel BW after MRC assuming uncorrelated noise are summarized in Table 2.1-3.






	Insertion loss (dB)
	3
	
	

	PA output power (dBm)
	26
	
	

	Main Path
	dBm
	Diversity Path
	dBm

	H2 @ PA output
	-10
	H2 @ antenna
	-75.3

	Duplexer H2
	-56
	Switch H2
	-86

	H2 @ duplexer output
	-37.9
	Diplexer H2 referred to antenna
	-94

	Harmonic filter H2
	-74
	BPF H2 referred to antenna
	-179

	H2 @ harmonic filter output
	-67.0
	PCB coupling referred to antenna
	-72

	Diplexer H2
	-74
	LNA H2 referred to antenna
	-82

	H2 @ diplexer output
	-73.8
	Total H2
	-69.9

	Switch H2
	-66
	
	

	H2 @ switch/antenna port
	-65.3
	
	

	PCB coupling referred to antenna
	-72
	
	

	LNA H2 referred to antenna
	-56
	
	

	Total H2
	-55.4
	
	



Table 2.1-2 Link analysis for 2nd harmonic power level calculation

	BW
	
	Floor
	H2
	Total

	5 MHz
	Main Path (dBm)
	-96
	-55.8
	-55.4

	
	Diversity Path (dBm)
	-96
	-71.1
	-69.9

	
	After MRC (dBm)
	-99
	
	-70.1

	
	MSD (dB)
	
	
	28.9

	10 MHz
	Main Path (dBm)
	-93
	-55.8
	-55.4

	
	Diversity Path (dBm)
	-93
	-71.1
	-69.9

	
	After MRC (dBm)
	-96
	
	-70.1

	
	MSD (dB)
	
	
	25.9

	15 MHz
	Main Path (dBm)
	-91.2
	-55.8
	-55.4

	
	Diversity Path (dBm)
	-91.2
	-71.1
	-69.9

	
	After MRC (dBm)
	-94.2
	
	-70.1

	
	MSD (dB)
	
	
	24.1

	20 MHz
	Main Path (dBm)
	-90
	-55.8
	-55.4

	
	Diversity Path (dBm)
	-90
	-71.1
	-69.9

	
	After MRC (dBm)
	-93
	
	-70.0

	
	MSD (dB)
	
	
	23.0


  
Table 2.1-3 MSD for different DL channel BW after MRC

Without taking into account the practical implementation feasibility, we have evaluated the MSD improvement over the improved PCB isolation up to 100 dB and antenna isolation up to 20 dB. The result for 20MHz DL channel BW is shown in Figure 2.1-2.



Figure 2.1-2 MSD improvement over improved PCB isolation and antenna isolation

Based on the above analysis, it can be seen that to reduce MSD caused by Tx 2nd order harmonic to below 10 dB, the antenna isolation needs to be better than 20 dB in conjunction with PCB isolation higher than 85 dB. And such isolation performance has been recognized rather challenging to accomplish for a typical smart phone design, in particular with heavily populated RF front-end components in a limited form factor.

Observation 2: To reduce MSD caused by Tx 2nd order harmonic to below 10 dB, the antenna isolation needs to be better than 20 dB in conjunction with PCB isolation higher than 85 dB.

2.2	Capability signalling for MSD

Before we dive into whether the UE capability signalling to indicate the support of better MSD performance (“low” MSD) as desired by operators [4] would really benefit the network operation, we need to understand how network would use the MSD defined in current specifications as a minimum performance requirement in a particular carrier configuration for the DC or CA combination to carry out the resource scheduling. Does the network always assume such MSD would occur to the victim carrier as long as the interferer overlaps with the DL victim carriers? Is there any provision on the MSD value when the UE UL power is less than Pmax or the interferer only partially overlaps with the DL victim carrier? Also does the network store all the 3GPP defined MSD values for every band combination as reference for scheduling?

Question 1: Does the network always assume such MSD would occur to the victim carrier as long as the interferer overlaps with the DL victim carriers?

Question 2: Is there any provision on the MSD value when the UE UL power is less than Pmax or the interferer only partially overlaps with the DL victim carrier?

Question 3: Does the network store all the 3GPP defined MSD values for every band combination as reference for scheduling?

In our view, the 3GPP defined MSD requirements can only be used as a reference to alert the network that under certain carrier configurations, a particular DL carrier could be desensitized up to some dB level. As the number represents the minimum performance requirement, it can be expected most of UEs would perform better than the specified MSD. Network should not solely base on the specified MSD number to decide whether the combination is useful or not or refrain from scheduling the combination to the UE. There should be other mechanisms to assist the network to schedule the combination. On the other hand, it is unclear how “low” the MSD should be in order for the combination to be considered as practically usable. The concern with the capability signalling is that the network may use this differentiation to exclude the UEs not supporting the “low” MSD from using the combination on all occasions. In that situation, the nominal MSD requirements would then become meaningless as UE passing the requirements still may not have the access to the combinations due to the capability differentiation by the network. Also, if only a small subset of UEs would be able to support the “low” MSD capability, rejecting most of the UEs from using the combination may not sound very efficient from spectrum utilization perspective. Furthermore, if the “low” MSD requirement is defined as 5 dB, wouldn’t it unfair for UEs with 5.5dB MSD to be excluded from using the combination?

Question 4: How “low” the MSD should be in order for the combination to be considered as practically usable?

As a matter of fact, MSD in the range of 20 to 30 dB does not only appear in certain CA or DC combinations. In some FDD bands, such as n8 and n71, the desensitization level can very well be above 20 dB for wider channel BW, as evidenced by the analysis summarized in [6] and highlighted in the following table.

	REFSENS (15kHz SCS)

	Company
	n1
	n2
	n3
	n8
	n25
	n71
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MHz
	35
MHz
	35
MHz
	45
MHz
	35 MHz
	35
MHz
	45 MHz
	35 MHz

	
	
	
	
	
	worst
	Mid
	Best
	
	worst
	Best
	worst
	Mid
	Best

	Murata
	
	
	-86
	-84.2
	-64
	
	-85.2
	-85.4
	-77.4
	
	-69.1
	
	-87.7

	MediaTek
	
	
	
	
	-67.6
	
	-87.8
	
	
	
	-67.6
	
	-88

	Qualcomm
	
	
	-85.2
	-80.2
	-69.9
	-78.5
	-84.8
	-81.7
	-76.4
	
	-69.9
	-82.7
	-84.9

	Huawei
	-90.1
	
	-86.1
	-82
	-71.5
	
	
	
	
	
	-71
	
	

	Apple
	
	
	
	
	
	-76.7
	
	
	
	
	
	-77
	

	Skyworks
	-90.1
	-87.1
	-87.5
	-85
	-70.6
	
	-85.1
	-86.1
	-81
	-84.4
	-71.6
	
	-85.5

	Average
	-90.1
	
	-86.2
	-82.9
	-68.7
	-77.6
	-86
	-84.4
	-78.3
	
	-69.8
	-79.9
	-87


          
Table 2.2-1 REFSENS for 35MHz/45MHz CBW where highlighted numbers are with MSD over 20 MHz

Observation 3: MSD in the range of 20 to 30 dB does not only appear in certain CA or DC combinations. In some FDD bands, such as n8 and n71, the desensitization level can very well be above 20 dB for wider channel BW.

Nonetheless, we have not heard any complaint from operators that these bands are practically unusable and wider channel BWs were continued being proposed for these bands without the concern of potentially large MSD. It is our understanding that the network would schedule around the UL/DL resources based on different operating scenarios in order to effectively utilize the wider channel BW even without knowing the exact MSD value. Likewise, the similar approach for scheduling should also be applied for the band combinations where MSD could vary in a wide range under different operation scenarios. With this concept in mind, we do not see the necessity in defining the UE capability for “low” MSD as the similar sensing and scheduling still needs to be applied to both types of UEs unless the intention was to bar the use of the combinations for the UE with nominal MSD which may not truly benefit the network spectrum utilization.

In summary, based on the above assessment, we think further clarifications are needed on how network would handle UE differently before the consideration of UE capability introduction or we may simply create more device fragmentation and RAN4/RAN2 workloads without realizing the true benefit from the capability signaling. On the other hand, maintaining one set of requirements and specify MSD with practical device performance improvement would motivate UE vendors to tighten but not outstretch their device performance which could potentially provide better overall link performance and shall benefit the entire cellular network ecosystem in the long run.

Observation 4: With defining two sets of MSD requirements and only a subset of UEs is expected to support the optional set, the performance gain for the network is uncertain.

Observation 5: Maintaining one set of requirements with practical MSD improvement would motivate UE vendors to tighten but not outstretch their device performance which could potentially provide better overall link performance and shall benefit the entire cellular network ecosystem in the long run.

Proposal 1: Further clarifications are needed on how network would handle UE differently before the consideration of UE capability introduction.

Proposal 2: Keep one set of MSD requirements and specify MSD with practical device performance improvement for the new combinations going forward.
3	Conclusion

In this contribution, we share our views from the aspects of MSD improvement and capability signaling which had led to our concern on whether such new capability would truly benefit the network operation or simply create more device fragmentation and RAN4/RAN2 workloads.

Observation 1: It would not be uncommon to observe a randomly selected phone to have a substantially better performance than the specified MSD requirement under typical condition as the 3GPP MSD requirement would be at the tail end of the statistical distribution.

Observation 2: To reduce MSD caused by Tx 2nd order harmonic to below 10 dB, the antenna isolation needs to be better than 20 dB in conjunction with PCB isolation higher than 85 dB.

Observation 3: MSD in the range of 20 to 30 dB does not only appear in certain CA or DC combinations. In some FDD bands, such as n8 and n71, the desensitization level can very well be above 20 dB for wider channel BW.

Observation 4: With defining two sets of MSD requirements and only a subset of UEs is expected to support the optional set, the performance gain for the network is uncertain.

Observation 5: Maintaining one set of requirements with practical MSD improvement would motivate UE vendors to tighten but not outstretch their device performance which could potentially provide better overall link performance and shall benefit the entire cellular network ecosystem in the long run.

Question 1: Does the network always assume such MSD would occur to the victim carrier as long as the interferer overlaps with the DL victim carriers?

Question 2: Is there any provision on the MSD value when the UE UL power is less than Pmax or the interferer only partially overlaps with the DL victim carrier?

Question 3: Does the network store all the 3GPP defined MSD values for every band combination as reference for scheduling?

Question 4: How “low” the MSD should be in order for the combination to be considered as practically usable?

Proposal 1: Further clarifications are needed on how network would handle UE differently before the consideration of UE capability introduction.

Proposal 2: Keep one set of MSD requirements and specify MSD with practical device performance improvement for the new combinations going forward.
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