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1	Introduction 

Despite RAN4 was still working on the details for approaches for a UE to indicate the improved lower MSD performance, two liaison statement (LS) letters had been sent to RAN2 based on RAN4’s partial agreements in #106bis-e and #107 meetings respectively [1,2] to initiate the RAN2 development on the new UE capability signalling design for lower MSD. While RAN2 will continue discussing the solutions for signaling design in coming meetings intending to fulfil the RAN4 requirements, the issue on the RAN4 proposed MSD capability inheritance from lower order fallback combinations to higher order combination which is not consistent with the current RAN2 specification has been raised in the RAN2 reply LS in this meeting [3]. Uncoincidentally the concern on this issue had already been brought up by our contribution in RAN4 #105 meeting [4] which unfortunately did not seem to have drawn RAN4’s attention as RAN4 was more focused on detailing the signaling solutions where the potential signaling overhead and complexity might have been overlooked or intentionally left for RAN2’s discretion.                   

In this contribution, we concur with RAN2’s concern in the reply LS and reiterate that the potential singaling overhead and complexity on lower MSD capability indication shall be carefully considered in RAN4 while the solution details are being worked out.      

2 Discussion

The issue as raised in the RAN2 reply LS on the RAN4 proposed MSD capability inheritance from lower order fallback combinations to higher order combination is restated in the following excerpt [1].

	· Lower MSD capability for higher order combination is inherited from lower order fallback combinations
· For 2-bands combination, the MSD indication of corresponding threshold (or capability class) are supposed to be reported separately as per victim band per MSD type per band combination.
· For 3-bands combination, the MSD indication of corresponding threshold (or capability class) are only reported for IMD of dual UL falling into the third band DL whose UL band is not configured with, other kinds of Lower MSD capability (harmonic/ harmonic mixing/cross band isolation/IMD due to dual UL falling into own DL) could inherit from 2-band combinations with the same power class.
· For combination with more than 3 bands, no need to report the Lower MSD capability any more, the capability could inherit from the fallback combinations with the same power class.



In our view, this inheritance format was not really intended for signaling optimization as assumed in RAN2 reply LS, but the outcome of aligning MSD capability with RAN4 specifications where MSD has only been specified in 2-band and 3-band combinations to avoid the redundant MSD requirements replicated for higher order combinations. 

Observation 1: The RAN4 proposed MSD capability inheritance from lower order fallback combinations to higher order combination was not intended for signaling optimization as assumed in RAN2 reply LS, but the outcome of aligning MSD capability with RAN4 specifications where MSD has only been specified in 2-band and 3-band combinations to avoid the redundant requirements replicated for higher order combinations.

On the other hand, we concur with RAN2’ concern that this inheritance format would not be consistent with RAN2 specification which had also been brought up in our contribution in RAN4 #105 meeting [4] as restated in the excerpt below.

	In striving to minimize the signaling complexity and overhead for the ever-increasing number of band combinations, the fallback rule has been exploited to allow UE to only signal the highest level of band combination. However, if the lower MSD signaling would be developed where all the lower-order band configurations may have to be captured to indicate the combination specific MSD values, the merit of the band combination fallback rule could potentially be nullified.



Observation 2: If the lower MSD capability signaling would be developed where all the lower-order band configurations may have to be captured to indicate the combination specific MSD values, the merit of the band combination fallback rule could potentially be nullified.
  
Using a generic 5-band CA combination CA_A-B-C-D-E as an example, if a UE supports the highest order of the combination, only CA_A-B-C-D-E is indicated to network and all the fallback combinations are expected to be supported without additional signaling. However, with the intended lower MSD capability signaling, the 2-band and 3-band fallback combinations may have to be signaled to the network, as shown in Table 2-1.

	Support of combination only

CA_A-B-C-D-E
CA_A-B-C-D
CA_A-B-C-E
CA_A-B-D-E
CA_A-C-D-E
CA_B-C-D-E
CA_A-B-C
CA_A-B-D
CA_A-B-E
CA_A-C-D
CA_A-C-E
CA_A-D-E
CA_B-C-D
CA_B-C-E
CA_B-D-E
CA_C-D-E
CA_A-B
CA_A-C
CA_A-D
CA_A-E
CA_B-C
CA_B-D
CA_B-E
CA_C-D
CA_C-E
CA_D-E
	Support of combination and lower MSD

CA_A-B-C-D-E
CA_A-B-C-D
CA_A-B-C-E
CA_A-B-D-E
CA_A-C-D-E
CA_B-C-D-E
CA_A-B-C
CA_A-B-D
CA_A-B-E
CA_A-C-D
CA_A-C-E
CA_A-D-E
CA_B-C-D
CA_B-C-E
CA_B-D-E
CA_C-D-E
CA_A-B
CA_A-C
CA_A-D
CA_A-E
CA_B-C
CA_B-D
CA_B-E
CA_C-D
CA_C-E
CA_D-E

	NOTE: Non greyed out configuration(s) are required to be indicated to network


     
Table 2-1 Signaling requirements for a generic 5-band CA combination

It can be seen that from the configuration indication alone, supporting lower MSD capability could already induce substantial signaling overhead, especially for combinations with 4 or more bands.
The concerns on the signaling complexity and overhead for lower MSD capability indication can be further envisioned by using a real 5-band combination CA_n1-n3-n5-n7-n78 as an example where all the possible MSD mechanisms and parameters are summarized in Table 2-2.

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

	CA_n1-n3-n5-n7-n78
	CA_n1-n3
	IMD3
	n1, n3
	n1
	< 23.0 dB

	
	
	Cross-band Iso
	n1
	n3
	< 19.7/2.9 dB

	
	CA_n1-n5
	None
	-
	-
	-

	
	CA_n1-n7
	None
	-
	-
	-

	
	CA_n1-n78
	IMD4
	n1, n78
	n1
	< 8.0 dB

	
	CA_n3-n5
	IMD2
	n3, n5
	n5
	< 24.0 dB

	
	
	IMD4
	n3, n5
	n3
	< 4.0 dB

	
	CA_n3-n7
	IMD4
	n3, n7
	n7
	< 10.2 dB

	
	CA_n3-n78
	H2
	n3
	n78
	< 23.9/13.8 dB

	
	
	IMD2
	n3, n78
	n3
	< 26.0 dB

	
	
	IMD4
	n3, n78
	n3
	< 8.0 dB

	
	CA_n5-n7
	IMD3
	n5, n7
	n5
	< 12.0 dB

	
	CA_n5-n78
	H4
	n5
	n78
	< 10.5 dB

	
	
	IMD4
	n5, n78
	n5
	< 8.3 dB

	
	CA_n7-n78
	None
	-
	-
	-

	
	CA_n1-n3-n5
	None
	-
	-
	-

	
	CA_n1-n3-n7
	None
	-
	-
	-

	
	CA_n1-n3-n78
	IMD2
	n1, n3
	n78
	< 28.4 dB

	
	
	IMD4
	n1, n3
	n78
	< 11.2 dB

	
	
	IMD2
	n1, n78
	n3
	< 27.9 dB

	
	CA_n1-n5-n7
	IMD5
	n1 n7
	n5
	< 1.0 dB

	
	CA_n1-n5-n78
	IMD3
	n1, n5
	n78
	< 15.7 dB

	
	
	IMD3
	n5, n78
	n1
	< 18.1 dB

	
	
	IMD5
	n1, n78
	n5
	< 3.1 dB

	
	CA_n1-n7-n78
	IMD4
	n1, n78
	n7
	< 9.1 dB

	
	
	IMD4
	n7, n78
	n1
	< 8.7 dB

	
	
	IMD4
	n1, n7
	n78
	< 10.1 dB

	
	CA_n3-n5-n7
	IMD2
	n3, n5
	n7
	< 30.0 dB

	
	
	IMD3
	n3, n7
	n5
	< 19.0 dB

	
	CA_n3-n5-n78
	IMD3
	n3, n5
	n78
	< 16.1 dB

	
	
	IMD5
	n3, n5
	n78
	< 4.5 dB

	
	
	IMD3
	n5, n78
	n3
	< 15.7 dB

	
	CA_n3-n7-n78
	IMD3
	n7, n78
	n3
	< 17.6 dB

	
	
	IMD4
	n7, n78
	n3
	< 8.6 dB

	
	
	IMD3
	n3, n7
	n78
	< 16.1 dB

	
	CA_n5-n7-n78
	IMD2
	n7, n78
	n5
	< 30.2 dB

	
	
	IMD5
	n7, n78
	n5
	< 3.3 dB

	
	
	IMD2
	n5, n78
	n7
	< 30.1 dB

	
	
	IMD2
	n5, n7
	n78
	< 29.7 dB

	
	
	IMD4
	n5, n7
	n78
	< 9.7 dB


      
Table 2-2 Possible MSD mechanisms for CA_n1-n3-n5-n7-n78

There are total of 37 MSD requirements specified in the technical specifications [5]. The required signaling parameters not only include the impacted 2-band and 3-band configurations, but also the MSD mechanisms, aggressor bands, victim bands, and MSD thresholds which adding up together could be a substantial load for UE memory and signaling.

Observation 3: From the configuration indication alone, supporting lower MSD capability could already induce substantial signaling overhead, especially for combinations with 4 or more bands.

Observation 4: For lower MSD capability signaling, the required signaling parameters not only include the impacted 2-band and 3-band configurations, but also the MSD mechanisms, aggressor bands, victim bands, and MSD thresholds which adding up together could be a substantial load for UE memory and signaling.

On the other hand, there can be multiple higher-order band combinations with common fallback band combinations supported by the same UE, such as shown in Table 2-3.

	CA_n1-n3-n5-n7-n78
	CA_n1-n3-n7-n8-n78

	CA_n1-n3-n5-n7
CA_n1-n3-n5-n78
CA_n1-n3-n7-n78
CA_n1-n5-n7-n78
CA_n3-n5-n7-n78
CA_n1-n3-n5
CA_n1-n3-n7
CA_n1-n3-n78
CA_n1-n5-n7
CA_n1-n5-n78
CA_n1-n7-n78
CA_n3-n5-n7
CA_n3-n5-n78
CA_n3-n7-n78
CA_n5-n7-n78
CA_n1-n3
CA_n1-n5
CA_n1-n7
CA_n1-n78
CA_n3-n5
CA_n3-n7
CA_n3-n78
CA_n5-n7
CA_n5-n78
CA_n7-n78
	CA_n1-n3-n7-n8
CA_n1-n3-n7-n78
CA_n1-n3-n8-n78
CA_n1-n7-n8-n78
CA_n3-n7-n8-n78
CA_n1-n3-n7
CA_n1-n3-n8
CA_n1-n3-n78
CA_n1-n7-n8
CA_n1-n7-n78
CA_n1-n8-n78
CA_n3-n7-n8
CA_n3-n7-n78
CA_n3-n8-n78
CA_n7-n8-n78
CA_n1-n3
CA_n1-n7
CA_n1-n8
CA_n1-n78
CA_n3-n7
CA_n3-n8
CA_n3-n78
CA_n7-n8
CA_n7-n78
CA_n8-n78

	NOTE: Highlighted are the common fallback combinations of the two 5-band combinations


  
Table 2-3 Common fallback combinations of CA_n1-n3-n5-n7-n78 and CA_n1-n3-n7-n8-n78

To our understanding, if following the current RAN2 specification where the capability inheritance can only be applied from higher order band combinations to lower order fallback combinations, all the 2-band and 3-band fallback combinations with MSD impact would likely be independently indicated for each higher order combination despite there may be common fallback combinations among the supported higher order combinations. And that would imply substantial signaling overhead due to the redundant indication of the common fallback combinations. On the other hand, if the lower MSD capability for higher order combination can be inherited from the lower order fallback combinations, meaning that all the lower order fallback combinations with MSD impact are signaled in a common repository which are shared by all the higher order combinations, the signaling overhead can potentially be reduced. However, this may require introducing a new capability inheritance format which could increase the signaling design complexity, and yet signaling all the 2-band and 3-band combinations with MSD impact is still a sizable overhead.   

Observation 5: If following the current RAN2 specification for the capability inheritance, all the 2-band and 3-band fallback combinations with MSD impact would likely be independently indicated for each higher order combination which would imply substantial signaling overhead due to the redundant indication of the common fallback combinations.

Observation 6: To enable lower MSD capability for higher order combination to be inherited from the lower order fallback combinations, it may require introducing a new capability inheritance format which could increase the signaling design complexity.

Based on the above observations and concerns, we would like to reiterate that the potential singaling overhead and complexity on lower MSD capability indication shall be carefully considered in RAN4 while the solution details are being worked out.

Proposal: The potential singaling overhead and complexity on lower MSD capability indication shall be carefully considered in RAN4 while the solution details are being worked out.

3	Conclusion

In this contribution, we concur with RAN2’s concern in the reply LS and reiterate that the potential singaling overhead and complexity on lower MSD capability indication shall be carefullyconsidered in RAN4 while the solution details are being worked out.

Observation 1: The RAN4 proposed MSD capability inheritance from lower order fallback combinations to higher order combination was not intended for signaling optimization as assumed in RAN2 reply LS, but the outcome of aligning MSD capability with RAN4 specifications where MSD has only been specified in 2-band and 3-band combinations to avoid the redundant requirements replicated for higher order combinations. 

Observation 2: If the lower MSD capability signaling would be developed where all the lower-order band configurations may have to be captured to indicate the combination specific MSD values, the merit of the band combination fallback rule could potentially be nullified.

Observation 3: From the configuration indication alone, supporting lower MSD capability could already induce substantial signaling overhead, especially for combinations with 4 or more bands.

Observation 4: For lower MSD capability signaling, the required signaling parameters not only include the impacted 2-band and 3-band configurations, but also the MSD mechanisms, aggressor bands, victim bands, and MSD thresholds which adding up together could be a substantial load for UE memory and signaling.

Observation 5: If following the current RAN2 specification for the capability inheritance, all the 2-band and 3-band fallback combinations with MSD impact would likely be independently indicated for each higher order combination which would imply substantial signaling overhead due to the redundant indication of the common fallback combinations.

Observation 6: To enable lower MSD capability for higher order combination to be inherited from the lower order fallback combinations, it may require introducing a new capability inheritance format which could increase the signaling design complexity.

Proposal: The potential singaling overhead and complexity on lower MSD capability indication shall be carefully considered in RAN4 while the solution details are being worked out.
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