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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In Rel-18, lower MSD is one of the targets for FR1 enhancement WI, and the objectives from WID [1] is as below. This paper will discuss these aspects.

	Investigate the feasibility of lower MSD for inter-band CA/EN-DC/DC combinations
· Select a limited set of band combinations (2-4 combinations) to cover all types of MSD (harmonic, harmonic mixing, IMD and cross band isolation)
· Study how the MSD performance can be improved for the example band combinations
· Study of MSD improvement with different MSD sources (harmonics, IMD2/3/4/5, cross band isolation and harmonic mixing)
· Study the feasibility of and options for allowing a UE to signal improved lower MSD performance capability for combinations where MSD is allowed
· Aim to conclude the study phase by RAN#99, and further discuss in RAN#99 how to handle the objective based on the study progress.



2 Discussion
2.1 Example band combinations
Many band combinations with MSD were defined in RAN4 specs, and some of them have high MSD while others have low MSD. The purpose of selecting 2-4 band combinations to cover harmonic, harmonic mixing, IMD and cross band isolation is to facilitate the technical analysis on how the MSD can be improved.

On the selection of band combinations, one criteria probably is relatively high MSD which represent severe interference and higher possibility of MSD improvements, another criteria probably is to cover serval interferences to reduce the example band combination numbers. 

Observation 1:    The selected band combination should have relatively high MSD to give more chance to be improved, and should cover multiple interference types to facilitate discussions.

[bookmark: _Hlk110001924]Based on these thinking, the below band combinations can be used as examples, i.e. n3+n78 for harmonics and IMD, n41+n78 for cross band isolation and harmonic mixing.

Table 7.3A.4-1: Reference sensitivity exceptions and uplink/downlink configurations due to UL harmonic from a PC3 aggressor NR UL band for NR DL CA FR1
	UL band
	DL band
	UL BW
	SCS of UL band
	UL RB Allocation
	DL BW
	MSD
	UL/DL fc condition
	UL/DL harmonic order

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

	n3
	n78
	5
	15
	25 (RBstart=0)
	10
	23.9
	NOTE 2
	UL2/DL1
direct-hit

	n3
	n78
	10
	15
	50 (RBstart=0)
	100
	13.8
	NOTE 2
	UL2/DL1
direct-hit

	n3
	n78
	5
	15
	25 (RBstart=0)
	10
	1.1
	NOTE 6
	UL2/DL1
near-miss

	NOTE 1:	These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the aggressor (lower) band for which the 2nd / 3rd / 4th / 5th transmitter harmonic is within the downlink transmission bandwidth of a victim (higher) band.


NOTE 2:  The requirements should be verified for UL NR ARFCN of the aggressor (lower) band (superscript LB) such that in MHz and  with carrier frequency in the victim (higher) band in MHz and  the channel bandwidth configured in the lower band.




NOTE 6:	The requirements are only applicable to channel bandwidths no larger than 20 MHz and with a carrier frequency at  MHz offset from  in the victim (higher band) with , where[image: ]andare the channel bandwidths configured in the aggressor (lower) and victim (higher) bands in MHz, respectively.



Table 7.3A.5-1: 2DL/2UL interband Reference sensitivity QPSK PREFSENS and uplink/downlink configurations for PC3 CA
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA band combination
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n3-n78
	n3
	1740
	5
	25
	1835
	26
	FDD
	IMD24

	
	
	
	
	
	
	28.75
	
	

	
	n78
	3575
	10
	25
	3575
	N/A
	TDD
	N/A

	
	n3
	1765
	5
	25
	1860
	8.0
	FDD
	IMD44

	
	
	
	
	
	
	10.75
	
	

	
	n78
	3435
	10
	25
	3435
	N/A
	TDD
	N/A

	
	n3
	N/A
	5
	N/A
	1877.5
	2.2
	FDD
	IMD7

	
	n78
	3305
3780
	10
10
	1 (RBstart=3)
1 (RBstart=0)
	3305
3780
	N/A
	TDD
	N/A

	NOTE 1:	Both of the transmitters shall be set min(+20 dBm, PCMAX_L,f,c) as defined in clause 6.2A.4
NOTE 4:	This band is subject to IMD5 also which MSD is not specified.
NOTE 5:	Applicable only if operation with 4 antenna ports is supported in the band with carrier aggregation configured.



Table 7.3A.6-1: Reference sensitivity exceptions (MSD) and uplink/downlink configurations due to cross band isolation from a PC3 aggressor NR UL band for NR CA FR1
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference
source

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

	n41
	n78
	2680
	20
	15
	100 (RBstart=6)
	3305
	10
	8.3
	>ACLR2



Table 7.3A.4-4: Reference sensitivity exceptions and uplink/downlink configurations due to harmonic mixing from a PC3 aggressor NR UL band for DL NR CA FR1
	UL band
	DL band
	UL BW
	SCS of UL band
	UL RB Allocation
	DL BW
	MSD
	UL/DL fc condition
	UL/DL harmonic order

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

	n41
	n78
	10
	30
	24 (RBstart=0)
	10
	8.3
	NOTE 1
	UL3/DL2

	n41
	n78
	10
	30
	24 (RBstart=0)
	100
	0.4
	NOTE 1
	UL3/DL2

	n78
	n41
	20
	30
	50 (RBstart=0)
	10
	10.4
	NOTE 2
	UL2/DL3

	n78
	n41
	20
	30
	50 (RBstart=0)
	100
	6.3
	NOTE 2
	UL2/DL3




Proposal 1:         Take n3+n78 as example band combination for harmonics and IMD interference, n41+n78 for cross band isolation and harmonic mixing interference.

2.2 How MSD can be improved
[bookmark: _Hlk110009332]Different approaches to improve MSD have been raised in Rel-17, including review the components parameter assumptions, improve the PCB and/or antenna isolations, etc. However, there is no consensus in Rel-17. 
Review the components parameter assumptions
If go with reviewing component parameter assumptions used when defining the requirements, firstly the group need to get consensus on what is the exact parameter that have been used before. However, after checking the discussion history it seems different companies have used different assumptions for the components to calculate the MSD results. This makes the MSD calculation for a same band combination is most likely different from different companies. Then RAN4 use some approaches for example by average to get a single requirement in the specification. This probably was reasonable since different companies may choose different vendors or different samples to implement in the UE. However, this causes the difficulty today when we are trying to review the component assumptions and find the room for improvement.

Observation 2:    When define MSD requirements, different companies have used different assumptions for components which cause MSD result differences. And by for example averaging, RAN4 get the final MSD requirement.

Observation 3:    It is difficult for RAN4 to review all the component assumptions without a consensus on the exact value used for each component.

[bookmark: _Hlk110010523]Actually, the impact to MSD are different from multiple RF components, some maybe large like PA, filter, antenna isolation and PCB isolation, but others maybe small like switch, etc. And minor MSD improvement is not attractive, therefore, RAN4 should focus on the key MSD contributor, get consensus on the already used value and the room for improvement then the relative MSD improvement.

Proposal 2:         RAN4 focus on the key MSD contributor (PA linearity, filter rejection, antenna and PCB isolation), get consensus on the already used value and the room for improvement, then the relative MSD improvement.

PCB isolation improvement
In [2] it provided the idea of using an aggressive 90dB PCB isolation instead of 60dB to re-evaluate the MSD, and got nearly 30dB MSD improvement. This seems appealing, but the proponent also recognize that this improvement is not common phenomenon and cannot be used to define requirements in RAN4 as below. However, this do give the group a new angle to see how the MSD can be largely improved.

“The measurements are limited to a single unit or a small number of samples.  Hence, the should not be used to define a minimum specification that all devices are obligated to meet”.

Observation 4:    Improve PCB isolation can get large MSD reduction, but 90dB PCB isolation is not suitable for requirement definition.

PCB isolation in NR is similar as in LTE, in [3] it provides the measured PCB isolation around 1.8GHz based on reference design which is 65-75dB, and also clarify that “the isolation performance around 3.5GHz in fact degraded, and even in the most optimistic view of PCB isolation, we do not believe it is feasible to achieve better than 70dB PCB Isolation at 3.5 GHz, and this may be too optimistic for many compact smartphone designs”. 

Also, in [4], it uses 60dB as the reference PCB isolation to calculate the MSD for B3+B42.

From the above, the 90dB PCB isolation seems only an assumption based on specific sample, and should not be considered as the common ability in the commercial UE. How much PCB isolation can be achieved for commercial UE still needs more study and measurements.

Observation 5:    The PCB isolation was around 65-75 based on measurements in LTE reference design and the PCB isolation is no more than 70dB at 3.5GHz for commercial smartphone design.

Proposal 3:         Propose to study how much PCB isolation commercial smartphone can achieve.


3 Conclusion
In this paper, we discussed how to select the MSD improvement example band combinations, and how the MSD can be improved, and also the possible MSD signaling approaches. 

Observation 1:    The selected band combination should have relatively high MSD to give more chance to be improved, and should cover multiple interference types to facilitate discussions.

Proposal 1:         Take n3+n78 as example band combination for harmonics and IMD interference, n41+n78 for cross band isolation and harmonic mixing interference.

Observation 2:    When define MSD requirements, different companies have used different assumptions for components which cause MSD result differences. And by for example averaging, RAN4 get the final MSD requirement.

Observation 3:    It is difficult for RAN4 to review all the component assumptions without a consensus on the exact value used for each component.

Proposal 2:         RAN4 focus on the key MSD contributor (PA linearity, filter rejection, antenna and PCB isolation), get consensus on the already used value and the room for improvement, then the relative MSD improvement.

Observation 4:    Improve PCB isolation can get large MSD reduction, but 90dB PCB isolation is not suitable for requirement definition.

Observation 5:    The PCB isolation was around 65-75 based on measurements in LTE reference design and the PCB isolation is no more than 70dB at 3.5GHz for commercial smartphone design.

Proposal 3:         Propose to study how much PCB isolation commercial smartphone can achieve.
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