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1	Introduction 

The concept of MSD (Maximum Sensitivity Degradation) has 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 frequency proximity, and harmonic mixing. It is also one of the most attended requirements 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]. The concern for band combinations with MSD above 20 dB has been raised due to that the relatively high MSD may restrict the usage in certain carrier configurations. On the other hand, some UE in the field had been seen able to perform better than what is defined in the specifications for MSD [2,3]. 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 “lower” MSD) [4]. Therefore, the desire on seeking for potential MSD improvement and the feasibility for UE to report lower MSD capability has been formulated as part of the objectives in Rel-18 WID on further RF requirements enhancement for NR and EN-DC in (FR1) [5].      

In this contribution, we share our views from the aspect of capability signaling for improved lower MSD 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

Before we dive into whether the UE capability signaling to indicate the support of better MSD performance (“lower” MSD) 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 under 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 the specified 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 depend 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 signaling is that the network may use this differentiation to exclude the UEs not supporting the “lower” 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 “lower” MSD capability, rejecting most of the UEs from using the combination may not sound very efficient from the spectrum utilization perspective.

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

Observation 1: If network would use MSD capability differentiation to exclude the UEs not supporting the “lower” MSD from using the combination on all occasions, 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.

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

	Company
	n1
	n2
	n3
	n8
	n25
	n71

	
	45
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
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	-77
	

	Skyworks
	-90.1
	-87.1
	-87.5
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	Average
	-90.1
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Table 2.2-1 REFSENS for 35MHz/45MHz CBW where highlighted numbers are with MSD over 20 MHz

Observation 2: MSD in the range of 20 to 30 dB does not only appear in CA or DC combinations. In some FDD bands, such as n8 and n71, the desensitization level can also 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 “lower” 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.

In summary, based on the above assessment, we think further clarifications are needed on how network would handle UE with nominal or lower MSD 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 enhance but not costly 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 3: Maintaining one set of requirements with practical MSD improvement would motivate UE vendors to enhance but not costly 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 with nominal or lower MSD 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 aspect of capability signaling for improved lower MSD 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.

Question 1: Does the network always assume the specified 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?

Observation 1: If network would use MSD capability differentiation to exclude the UEs not supporting the “lower” MSD from using the combination on all occasions, 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.

Observation 2: MSD in the range of 20 to 30 dB does not only appear in CA or DC combinations. In some FDD bands, such as n8 and n71, the desensitization level can also be above 20 dB for wider channel BW.

Observation 3: Maintaining one set of requirements with practical MSD improvement would motivate UE vendors to enhance but not costly 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 with nominal or lower MSD 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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