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1	Introduction 

Despite there remained many open questions on the benefits of UE lower MSD signaling and how networks would handle UEs with different lower MSD capability, the study phase on the feasibility of lower MSD and the corresponding capability signaling was concluded in last RAN4 meeting [1] where it was agreed to enable lower MSD capability for inter-band CA/EN-DC/DC combinations and the revised objective was approved in RAN #99 meeting [2]. In this contribution, we share a few potential concerns on the lower MSD capability signaling for RAN4 and RAN2’s consideration while proceeding the signaling design.

2 Discussion

The first concern had been raised by several companies during the study phase that the MSD defined in the technical specifications or to be reported by UE only occurs at a particular worst-case carrier configuration, but not necessarily and most likely not the MSD for the configuration scheduled by the network. For example, the Tx-induced interference may only partially overlap or even barely touch the victim DL carrier where the real MSD for UE without lower MSD capability could be even lower than the lower MSD reported by the UE with lower MSD capability. An unfortunate situation would be that the lower MSD capability could become a tool by networks to discriminate UEs without the lower MSD capability and not schedule the combination to the so-called “poor” UE irrespective of whether the specified MSD did occur to the UE or not. While before the introduction of the lower MSD capability, networks may always proceed the scheduling for all UE supporting the combination where not only the UEs with lower MSD capability are covered, the UEs without lower MSD capability not subject to the worst-case MSD are also operable for the combination. As a result, the spectrum utilization can be more efficient than with the lower capability differentiation, especially when most of UEs do not report lower MSD capability.         

Observation 1: The MSD defined in the technical specifications or to be reported by UE only occurs at a particular worst-case carrier configuration, but not necessarily and most likely not the MSD for the configuration scheduled by the network. 

Observation 2: Without the introduction of lower MSD capability, the spectrum utilization can be more efficient than with the lower MSD capability differentiation, especially when most of UEs do not report lower MSD capability.

The next concern is the UE memory loading and signaling complexity. As MSD can be caused by different interference mechanisms, such as UL harmonic, Rx harmonic mixing, 2UL IMD, and cross-band isolation where some of the requirements may also be specified under different channel BW configurations, if all the lower MSD values would be stored for the UE, a huge memory loading could be anticipated with hundreds or even thousands of band combinations subject to MSD impact.

Observation 3: A huge UE memory loading could be anticipated if all the MSD values caused by different mechanisms would be stored for hundreds or even thousands of band combinations subject to MSD impact.

On the signaling complexity side, although the lower MSD values may only be reported to the network for the configured combination, the complexity and signaling overhead could still be very high. Using the band combination CA_n1A-n3A-n5A-n78A as an example, the following table summarizes all the possible MSD mechanisms for its 2-band and 3-band fallback combinations.

	Top Band Combination
	Fallback Combo
	MSD Type
	Aggressor UL
	Victim DL
	MSD

	CA_n1A-n3A-n5A-n78A
	CA_n1A-n3A
	IMD3
	n1, n3
	n1
	< 23.0 dB

	
	
	Cross-band Iso
	n1
	n3
	< 19.7/2.9 dB

	
	CA_n1A-n5A
	None
	-
	-
	-

	
	CA_n1A-n78A
	IMD4
	n1, n78
	n1
	< 8.0 dB

	
	CA_n3A-n5A
	IMD2
	n3, n5
	n5
	< 24.0 dB

	
	
	IMD4
	n3, n5
	n3
	< 4.0 dB

	
	CA_n3A-n78A
	H2
	n3
	n78
	< 23.9/13.8 dB

	
	
	IMD2
	n3, n78
	n3
	< 26.0 dB

	
	
	IMD4
	n3, n78
	n3
	< 8.0 dB

	
	CA_n5A-n78A
	H4
	n5
	n78
	< 10.5 dB

	
	
	IMD4
	n5, n78
	n5
	< 8.3 dB

	
	CA_n1A-n3A-n5A
	None
	-
	-
	-

	
	CA_n1A-n3A-n78A
	IMD2
	n1, n3
	n78
	< 28.4 dB

	
	
	IMD4
	n1, n3
	n78
	< 11.2 dB

	
	
	IMD2
	n1, n78
	n3
	< 27.9 dB

	
	CA_n1A-n5A-n78A
	IMD3
	n1, n5
	n78
	< 15.7 dB

	
	
	IMD3
	n5, n78
	n1
	< 18.1 dB

	
	
	IMD5
	n1, n78
	n5
	< 3.1 dB

	
	CA_n3A-n5A-n78A
	IMD3
	n3, n5
	n78
	< 16.1 dB

	
	
	IMD5
	n3, n5
	n78
	< 4.5 dB

	
	
	IMD3
	n5, n78
	n3
	< 15.7 dB



Table 2-1 Possible MSD mechanisms for CA_n1A-n3A-n5A-n78A

There are total of 21 MSD requirements specified in the technical specifications. If all the parameters in Table 2-1 would be signaled to the network, it could be a substantial overhead, not to mention that 5- and 6-band combinations could have even more number of MSD requirements specified.

Another concern would be that how would the network base on all the reported lower MSD values to make a decision in scheduling? What if a UE only reported lower MSD capability for part of the fallback combinations but not all of them? Would the UE still be considered as with lower MSD capability for the combination?        

Observation 4:  For CA_n1A-n3A-n5A-n78A, there are total of 21 MSD requirements specified. If all the parameters associated with the 21 lower MSD values would be signaled to the network, it could be a substantial overhead.

Observation 5:  It is unclear how the network would base on all the reported lower MSD values to make a decision in scheduling.

Observation 6:  It is unclear if a UE only reported lower MSD capability for part of the fallback combinations but not all of them, would the UE still be considered as with lower MSD capability for the combination?

The third concern would be on the lower MSD signaling granularity. In our view, either low or high granularity would have its own drawback. For example, if only one lower MSD value would be defined, a high MSD value closer to the specified MSD might not be useful, while a very low MSD value, let’s say close to 0dB, may exclude most of the UEs as it is unlikely to be achieved. On the other hand, if more MSD granularity is defined, let’s say, for every one or two dB per step, how would the network differentiate UE with 20dB or 18dB MSD capability? If the specified MSD is 25dB and UE reported 23dB, and the network still considered MSD is too high and would not schedule the combination to the UE, the UE could end up with wasting tons of memory space storing those ineffective MSD values.  

Observation 7:  Either low or high MSD granularity would have its own drawback.

Observation 8:  If only one lower MSD value would be defined, a high MSD value closer to the specified MSD might not be useful, while a very low MSD value may exclude most of the UEs as it is unlikely to be achieved.

Observation 9:  If the specified MSD is 25dB and UE reported 23dB, and the network still considered MSD is too high and would not schedule the combination to the UE, the UE could end up with wasting tons of memory space storing those ineffective MSD values.

Lastly, if the lower MSD capability would be artificially specified without verification, the signaling would effectively become useless as all the UEs likely will signal the lowest MSD capability to the network. To verify the lower MSD capability, all the lower MSD requirements and test configurations would need to be specified in the technical specifications. With only one lower MSD requirement introduced, the complexity of the MSD test configuration table could already be doubled, not to mention that if more than one lower MSD values would be introduced.

Observation 10: If the lower MSD capability would be artificially specified without verification, the signaling would effectively become useless as all the UEs likely will signal the lowest MSD capability to the network.

Observation 11: To verify the lower MSD capability, all the lower MSD requirements and test configurations would need to be specified in the technical specifications.
  
Proposal: The potential signaling overhead, UE memory loading, and the specifications impact need to be carefully evaluated when considering the lower MSD signaling design.

3	Conclusion

In this contribution, we share a few potential concerns on the lower MSD capability signaling for RAN4 and RAN2’s consideration while proceeding the signaling design.

Observation 1: The MSD defined in the technical specifications or to be reported by UE only occurs at a particular worst-case carrier configuration, but not necessarily and most likely not the MSD for the configuration scheduled by the network. 

Observation 2: Without the introduction of lower MSD capability, the spectrum utilization can be more efficient than with the lower MSD capability differentiation, especially when most of UEs do not report lower MSD capability.

Observation 3: A huge UE memory loading could be anticipated if all the MSD values caused by different mechanisms would be stored for hundreds or even thousands of band combinations subject to MSD impact.

Observation 4:  For CA_n1A-n3A-n5A-n78A, there are total of 21 MSD requirements specified. If all the parameters associated with the 21 lower MSD values would be signaled to the network, it could be a substantial overhead.

Observation 5:  It is unclear how the network would base on all the reported lower MSD values to make a decision in scheduling.

Observation 6:  It is unclear if a UE only reported lower MSD capability for part of the fallback combinations but not all of them, would the UE still be considered as with lower MSD capability for the combination?

Observation 7:  Either low or high MSD granularity would have its own drawback.

Observation 8:  If only one lower MSD value would be defined, a high MSD value closer to the specified MSD might not be useful, while a very low MSD value may exclude most of the UEs as it is unlikely to be achieved.

Observation 9:  If the specified MSD is 25dB and UE reported 23dB, and the network still considered MSD is too high and would not schedule the combination to the UE, the UE could end up with wasting tons of memory space storing those ineffective MSD values.

Observation 10: If the lower MSD capability would be artificially specified without verification, the signaling would effectively become useless as all the UEs likely will signal the lowest MSD capability to the network.

Observation 11: To verify the lower MSD capability, all the lower MSD requirements and test configurations would need to be specified in the technical specifications.
  
Proposal: The potential signaling overhead, UE memory loading, and the specifications impact need to be carefully evaluated when considering the lower MSD signaling design.
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