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1. [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Introduction
In the RAN4 #104-e meeting, RAN4 approved the WF [6] on the lower MSD study as follow:

	1.1 Candidate example band combinations
<Agreement in GTW1>: 
Use the following example band combinations to study the feasibility of MSD improvement for different MSD types:
· CA_n28-n40 (harmonic mixing)
· CA_n41-n77 (cross band isolation)
· CA_n1-n3-n78 and fallback combinations (IMD on the 3rd band, cross band isolation on CA_n1-n3 using 50MHz channel bandwidth, IMD2/4 and 2nd harmonic and harmonic mixing on CA_n3-n78)
Note 1: All supported power classes for the above example band combinations can be analyzed
Note 2: Band combinations with two bands are in the first priority

2.2 RF component assumptions and methods for lower MSD analysis
< WF Agreed in GTW2 >: 
The following assumptions and methods can be considered for the MSD study in next meeting.
· Antenna isolation: 10~20dB
· PCB isolation: >/= 60dB, 
· Other parameters, e.g. RF component linearity, diplexer/duplexer/filter rejection, etc. up to the choice of companies
· Other values for parameters are not precluded.
· For the MSD study, the parameters used in the analysis should be provided
· MSD reduction via UL power back-off is FFS, depending on further inputs and clarification in next meeting
Note: It is understood that practical implementations usually make different design trade-offs. The optimal values are unlikely to be achieved for all RF parameters and/or all band combinations simultaneously. And the feasibility for PCB isolation values can be discussed.
2.4 How to obtain the threshold(s) of improved MSD
< Way forward>: 
The threshold(s) can be further considered together with the MSD signaling part in next meeting
3.1 Necessity of signaling improved lower MSD
< Way forward >: 
· Companies can continue discussion on the signaling based MSD improvement method. Companies interested in the direction of necessity of signaling can provide more analysis in next meeting.

3.2 Clarification of the expected behaviour from NW for the potential lower MSD capability
< Way forward >: 
· Basic assumption is that how to schedule UEs with different MSD capabilities is up to NW implementation
· How the lower MSD capability can be utilized by the NW can be further discussed in next meeting

3.4 How to indicate the MSD is improved for a band combination
< Way forward >: 
The following aspects related to lower MSD signaling will be further discussed in next meeting.
· Whether the lower MSD capability is a per BC capability
· how to handle a band combination with different MSD types
· how to handle the same BC with different victim bands suffered the same MSD type and order
· Whether lower MSD capability for different interference sources could be reported separately
· Whether lower MSD capability means all MSD types for a band combination have been improved
· Whether delta MSD compared to the minimum requirements or directly improved MSD values to be reported
· Whether a single/unique MSD value or MSD threshold(s) for a band combination to be considered
· If MSD threshold(s), whether a single MSD threshold value or could be multiple intervals? Exact absolute threshold(s) or relative threshold(s)? Different or same threshold(s) for different interference type?
· Relation between MSD reduction and UL power back-off
· Applicability of lower MSD capability for different power class
· Signaling overhead for the lower MSD capability



 
In this paper, we provide our views on the principles to evaluate the lower MSD issues for inter-band CA/EN-DC/DC combinations.

2. Discussion on UE RF architecture and RF component assumptions
[bookmark: _Hlk109596836]2.1 UE RF architecture for MSD evaluation
In Rel-15 NR DC for NSA UE, it was assumed both antenna-shared and antenna-separated UE RF architectures for LTE and 5G NR system to support UL-MIMO and 4-Rx diversity [3], where the main Tx/Rx antenna can be shared by both LTE and NR systems. Also, it was assumed a separate antenna RF architecture for the NSA UE to support n77/n78/n79 operating bands. In Rel-16, the one-chip solution was introduced for both LTE and NR modems with chip technology advancement.
Example RF architectures in TR 38.860-12


UE RF architecture w/ sharing antennas
[image: ]
UE RF architecture w/ separate antennas

Figure 3-1: Example RF architectures (from TR 38.860-12)

Therefore, it is reasonable to consider the same assumption (i.e., both antenna-shared and antenna-separated UE RF architectures) to evaluate lower MSDs for the different MSD sources in the WID (i.e., harmonics, harmonic mixing, cross-band coupling (or isolation), and IMD due to dual uplink transmission) for both inter-band CA/DC band combinations.
Figure 3-1 shown the candidate RF architectures for inter-band CA band combinations in LTE-A CA features in TR 36.860-12 where triplexer/quadplexer or a new RF component can be used instead of diplexer to distinguish the NR operating band.

Based on the observations, we propose as follow 
Proposal #1: The example RF architectures in TR36.860-12 can be reused to evaluate lower MSD according to the different MSD sources.

2.2 Guidelines for new “lowest” or new “highest” UL or DL CBW for MSD analysis
In the approved WF [6], we prefer to keep and apply the agreements into the lower MSD values discussion. One clarification point is that the new MSD table format for cross band isolation as follow

Table 3-3. New MSD table format for cross-band isolation
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
	Power class

	
	
	
	
	
	
	
	
	
	Interference
	

	
	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(MHz)
	(dB)
	source
	

	n1
	n3
	1945
	50
	15
	128 (RBstart=0)
	1877.5
	5
	FFS
	ACLR1
	PC3

	n1
	n40
	1970
	20
	15
	100 (RBstart=6)
	2302.5
	5
	FFS
	>ACLR2
	PC3

	n3
	n41
	1765
	40
	15
	50 (RBstart=166)
	2501
	10
	FFS
	>ACLR2
	PC3

	n3
	n74
	1730
	40
	15
	50 (RBstart=0)
	1515.5
	5
	FFS
	>ACLR2
	PC3

	n7
	n40
	2525
	50
	15
	45 (RBstart=0)
	2397.5
	5
	FFS
	>ACLR2
	PC3

	n34
	n3
	2017.5
	15
	15
	75 (RBstart=0)
	1877.5
	5
	FFS
	>ACLR2
	PC3

	n38
	n1
	2590
	40
	15
	216 (RBstart=0)
	2167.5
	5
	FFS
	>ACLR2
	PC3

	n38
	n25
	2590
	40
	15
	216 (RBstart=0)
	1992.5
	5
	FFS
	>ACLR2
	PC3

	n38
	n78
	2600
	40
	15
	216 (RBstart=0)
	3305
	10
	FFS
	>ACLR2
	PC3

	n40
	n1
	2340
	80
	30
	216 (RBstart=0)
	2167.5
	5
	FFS
	>ACLR2
	PC3

	n41
	n1
	2546
	100
	30
	270 (RBstart=0)
	2167.5
	5
	FFS
	>ACLR2
	PC3

	n41
	n3
	2546
	100
	30
	270 (RBstart=0)
	1877.5
	5
	FFS
	>ACLR2
	PC3, PC2

	n41
	n25
	2546
	100
	30
	270 (RBstart=0)
	1992.5
	5
	FFS
	>ACLR2
	PC3, PC2, PC1.5

	n41
	n66
	2546
	100
	30
	270 (RBstart=0)
	2197.5
	5
	FFS
	>ACLR2
	PC3, PC2, PC1.5

	n41
	n48
	2640
	100
	30
	270 (RBstart=3)
	3552.5
	5
	FFS
	>ACLR2
	PC3

	n41
	n70
	2546
	100
	30
	270 (RBstart=0)
	2017.5
	5
	FFS
	>ACLR2
	PC3

	n41
	n77
	2640
	100
	30
	270 (RBstart=3)
	3305
	10
	FFS
	>ACLR2
	PC3, PC2, PC1.5

	n41
	n78
	2640
	100
	30
	270 (RBstart=3)
	3305
	10
	FFS
	>ACLR2
	PC3

	n77
	n2
	3350
	100
	30
	270 (RBstart=0)
	1987.5
	5
	FFS
	>ACLR2
	PC2, PC1.5

	SUL band combinations
	

	n95
	n41
	2017.5
	15
	15
	75 (RBstart=4)
	2501
	10
	FFS
	>ACLR2
	PC3

	n97
	n41
	2350
	100
	30
	270 (RBstart=3)
	2501
	10
	FFS
	ACLR1 & ACLR2
	PC3


   
For the CA_n41-n97 UE, the frequency separation from the upper edge of uplink in n97 to the lower edge of downlink in n41 is 96MHz, the small portion (less than 2.5MHz) can be included in first ACLR (noted as ACLR1 in the table above) frequency range. When both ACLR1 and ACLR2 ranges are impacted in the victim carrier due to cross band isolation, RAN4 can designate with “ACLR1 & ACLR2” due to interference perspectives for the interference source in new MSD Table.  The CA_n18-n28 is also in similar situations from the interference source perspectives. From this perspective, we think it makes senses to change the “ACLR1” to “ACLR1 & ACLR2” for CA_n18-n28 in Table 7.3A.6-1 in TS 38.101-1.

Proposal #2: When both ACLR1 and ACLR2 ranges are impacted in the victim carrier due to cross band isolation, RAN4 indicate “ACLR1 & ACLR2” as the interference source in the new MSD Table. 

Typically, ACRL1 and ACLR2 refer to UTRA ACLR1 and UTRA ACLR2, respectively, unless there is clear indication or explanation. To avoid such an ambiguity, it is necessary to have a separate indication rather than just ACLR1 or ACLR2. 

Proposal #3: To avoid confusion, RAN4 need to define the terminology to use NR_ACLR1 and/or NR_ACLR2 to indicate a cross-band interference source(s), instead of using just ACLR1 and/or ACLR2.

2.3 How to define the threshold to enable the lower MSD level for the inter-band CA/DC band combinations
 To obtain appropriate threshold, RAN4 need to evaluate the difference MSD levels according to the different MSD sources in firstly. Based on the MSD results from interested companies, RAN4 can find the MSD difference value by average manner from the conventional MSD requirements in TS38.101-1 for those example CA band combinations for the whole different MSD sources. Based on these lower MSD evaluation results, RAN4 can conclude whether to specify the lower MSD capability signaling or not.
If RAN4 have clear decision to define lower MSD capability among the different MSD sources, then the threshold mechanism can be introduced to indicate the lower MSD capability according to the different MSD sources and do not define the individual MSD levels for all CA/DC band combinations.
 
Based on this analysis, we propose as follow  
Proposal #4: RAN4 can derive the MSD difference value by average manner from the conventional MSD requirements in TS38.101-1 for those example CA band combinations.
Proposal #5: RAN4 only introduces a threshold to indicate the lower MSD capability according to the different MSD sources and do not define the individual MSD levels for all CA/DC band combinations if RAN4 has clear evaluation results to define lower MSD capability.

3. Discussion on necessity of new capability signaling of lower MSD indication
Based on the section 2.3 discussion, RAN4 can consider individual threshold for the lower MSD capability from the lower MSD evaluations.
However, we prefer to define the single difference value as the threshold according to the different MSD sources to report the capability of lower MSD for the inter-band CA/DC band combinations.
RAN4 can recommend that the single difference MSD value would be reported with 1dB granularity MSD step and up to 8dB difference with 3bits. But it is up to RAN2 decision on the number of bits and granularity of the capability signaling if RAN4 send LS to specify the new lower MSD capability signaling based on RAN4 evaluation results.  
Based on this, we propose as follow 

  
Proposal #6: Single difference value of the MSD as the threshold is considered for the lower MSD capability according to the different MSD sources when UE report the capability of lower MSD for the inter-band CA/DC band combinations if RAN4 has clear evaluation results to define the lower MSD capability.
Proposal #7: RAN4 can recommend that the single difference MSD value for the lower MSD level according to the different MSD sources will be reported with 1dB granularity MSD step and the largest difference is up to 8dB with 3bits.

4. Conclusions
In this contribution, we provide the basic principle to evaluate lower MSD according to different source. Also, we provided the example RF architecture and detail RF parameters for MSD investigation. 
Based on the above observation in session 2 and 3, we propose as follows

Proposal #1: The example RF architectures in TR36.860-12 can be reused to evaluate lower MSD according to the different MSD sources.
Proposal #2: When both ACLR1 and ACLR2 ranges are impacted in the victim carrier due to cross band isolation, RAN4 indicate “ACLR1 & ACLR2” as the interference source in the new MSD Table. 
Proposal #3: To avoid confusion, RAN4 need to define the terminology to use NR_ACLR1 and/or NR_ACLR2 to indicate a cross-band interference source(s), instead of using just ACLR1 and/or ACLR2.
Proposal #4: RAN4 can derive the MSD difference value by average manner from the conventional MSD requirements in TS38.101-1 for those example CA band combinations.
Proposal #5: RAN4 only introduces a threshold to indicate the lower MSD capability according to the different MSD sources and do not define the individual MSD levels for all CA/DC band combinations if RAN4 has clear evaluation results to define lower MSD capability.
Proposal #6: Single difference value of the MSD as the threshold is considered for the lower MSD capability according to the different MSD sources when UE report the capability of lower MSD for the inter-band CA/DC band combinations if RAN4 has clear evaluation results to define the lower MSD capability.
Proposal #7: RAN4 can recommend that the single difference MSD value for the lower MSD level according to the different MSD sources will be reported with 1dB granularity MSD step and the largest difference is up to 8dB with 3bits.
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