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1. Introduction
The indication of improved lower MSD performance for harmonic, harmonic mixing, IMD and cross band isolation had been one of the studied topics in the WI of further RF requirements enhancement for NR and EN-DC in frequency range 1 [1]. Several aspects had been discussed during the last RAN4 meeting, and a WF on study for lower MSD was approved [2].
The agreements in GTW session in [2] are listed below:
	<Agreement in GTW_Oct-14>: 

Purpose of study for MSD improvement is only for feasibility justification purpose to serve signaling design.
<Agreement in GTW_Oct-14>: 

No unified assumptions are needed for the evaluation of MSD improvement, e.g. reference architectures, antenna isolation, PCB isolation, component linearity, etc.

<Agreement in GTW_Oct-14>: 

MSD improvement is feasible.

<Agreement in GTW_Oct-14>: 

· Optional lower MSD UE capability conditioned on what is intended for the signalling

· FFS on design of signalling, including

· Function of signalling

· Granularity of signalling

<Agreement in GTW_Oct-19>
· Use the following bullet as the starting point for granularity of the optional lower MSD UE capability

· per victim band per MSD type per band combination


Due to the limited time during last RAN4 bis meeting, some topics are not fully discussed, so in this contribution, we refine some of our proposals from our previous contribution [3].
2. Discussion

First of all, after the continued discussion among several RAN4 meetings, the group finally agreed on the feasibility of the MSD improvement for the optional lower MSD UE capability during the last RAN4 meeting [2], as described in the previous section. 

Second, during last RAN4 meeting, the group had made some progress on the design of the lower MSD UE capability that per victim band per MSD type per band combination will be the starting point of this capability [2].
	<Agreement in GTW_Oct-19>
· Use the following bullet as the starting point for granularity of the optional lower MSD UE capability

per victim band per MSD type per band combination


Starting from the per victim band per MSD type per band combination for the lower MSD UE capability, we think this can allow some flexibility on the UE side to certain degrees, since the UE can improve one of the MSD type on one of the victim band for a given band combination, however, some further information might be needed to be included in the report to avoid causing the confusion of the condition of the MSD report.
Here we list the two band related requirements including direct-hit UL harmonic, harmonic mixing, IMD and cross band isolation in Table 1 to Table 4 based on the agreed example combinations for the low MSD study.
Table 1: Reference sensitivity exceptions and uplink/downlink configurations due to direct-hit UL harmonic from a PC3 aggressor NR UL band for CA_n3-n78

	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


Table 2: Reference sensitivity exceptions and uplink/downlink configurations due to harmonic mixing from a PC3 aggressor NR UL band for CA_n28-n40
	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)
	
	

	n40
	n28
	5
	15
	25 (RBstart=0)
	5
	37.8
	NOTE 4
	UL1/DL3

	n40
	n28
	20
	15
	100 (RBstart=0)
	20
	30.3
	NOTE 4
	UL1/DL3


Table 3: 2DL/2UL inter-band Reference sensitivity QPSK PREFSENS and uplink/downlink configurations for PC3 CA_n2-n77, CA_n3-n78
	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

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

	
	n3
	1765
	5
	25
	1860
	8.0
	FDD
	IMD44

	
	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


Table 4: Reference sensitivity exceptions (MSD) and uplink/downlink configurations due to cross band isolation from a PC3 aggressor NR UL band for NR CA_n41-n77
	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)
	

	n1
	n3
	1922.5
	5
	15
	25 (RBstart=0)
	1877.5
	5
	3
	>ACLR2

	n1
	n3
	1945
	50
	15
	128 (RBstart=0)
	1877.5
	5
	[19.7]
	ACLR1

	n41
	n77
	2680
	20
	15
	100 (RBstart=6)
	3305
	10
	8.3
	>ACLR2

	n77
	n411
	3350
	100
	30
	270 (RBstart=0)
	2685
	10
	4.5
	>ACLR2

	n77
	n411
	3350
	100
	30
	270 (RBstart=0)
	2640
	100
	4.5
	>ACLR2


Based on the above table, first it can been seen that the order of the harmonic, harmonic mixing and the IMD might be different between different band combinations, so it is worth to discuss whether to include this information to the lower MSD capability report to make the information clear. It is also useful when multiple IMDs occur in one combination, so that the network can know which MSD the UE is referring to.
The information of the aggressor UL and victim DL bandwidth might also need to be considered in the capability report, as except the IMD, there might be two MSD requirements for the UL harmonic direct-hit, harmonic mixing and the cross-band isolation based on the latest format in Rel.17 38.101-1, and additional MSD requirement for the cross-band isolation might also be introduced in the future if larger channel bandwidth is introduce for the aggressor UL band.
Furthermore, the MSD requirement in table 1 to 4 here are for the PC3 aggressor NR UL band, in the latest Rel.17 38.101-1 spec, there are multiple tables for different PC aggressor UL. Although there is only PC3 aggressor NR UL for the harmonic, there are multiple tables for the harmonic mixing of PC3, PC2, PC1.5 aggressor UL, multiple IMD tables for PC3 and PC2, and multiple tables for the cross band isolation of PC3, PC2, PC1.5 aggressor UL. Since the UE might support multiple UL power classes, the power class of the aggressor UL might also need to be provided in the MSD report, and the UE can choose whether to include multiple PCs and which PC it is targeted in the lower MSD report.
In short, starting from the per victim band per MSD type per band combination lower MSD UE capability, we think further information might need to be considered in the report to make it clear that which MSD the UE is referring to.
Proposal 1: For the per victim band per MSD type per band combination lower MSD UE capability, RAN4 to further discuss the following information to be included in the capability report.
· The information of the order of the UL harmonic direct-hit, harmonic mixing, IMD.
· The information of the aggressor UL and victim DL bandwidth of the UL harmonic direct-hit, harmonic mixing and the cross-band isolation.
· The information of the power class of the aggressor UL of the UL harmonic direct-hit, harmonic mixing, IMD and the cross-band isolation.
Noted that it was agreed that the lower MSD UE capability is optional, so proposal 1 does not mean the UE should report all of the orders, or all of the bandwidths, or all of the power classes in the capability report.
Third, regarding the threshold of the lower MSD report to be absolute threshold(s) or relative threshold(s), the group didn’t reach consensus during last RAN4 meetings, and some companies commented that there might be pros and cons between the two methods. In our view, although both methods might be workable, however, the absolute thresholds can provide much clear information than the relative values. The relative values might need to rely on the stability of the MSD values in the specifications, which is not that reliable since some values are in brackets, and not to mention some types might occurs in the specification across multiple versions.
	Issue 3-3-1: Absolute MSD value/threshold(s) or relative threshold(s) 
Option 1: It is suggested to define exact absolute Lower MSD threshold(s). (Samsung, OPPO, vivo, Xiaomi, Nokia, CHTTL, CMCC, HW, [Skyworks], QC, ZTE)

Option 2: Relative lower MSD value for each impairment (QC, ZTE)

Option 3: Others (Nokia, Meta, AT&T, T-Mobile USA, MTK, TIM, Dish)


So based on the discussion above, we slightly prefer absolute MSD threshold(s) after the improvement in the lower MSD report, and detail thresholds can be further discuss.
Proposal 2: The lower MSD report can be defined as follow:


- The MSD for the given interference type is not larger than the reported value under the same condition after the improvement. The applicable report values can be MSD = 0 and multiple thresholds (e.g. multiple of X dB.)

The X is proposed as [6] dB (0, 6, 12, 18dB) in our previous contribution [3], during last RAN4 meeting, there were also proposals for the thresholds based on 5dB which can also be considered in our view, but we prefer to include MSD = 0 (or near zero) in the report no matter which value for the threshold is chosen.
Fourth, with the per victim band per MSD type per band combination, the signaling size might be considerable if the UE provide improved multiple MSD in multiple bands. In last RAN4 meeting, we proposed to consider a joint solution of one bit low MSD indication per BC with additional optional MSD report for different interference sources under the per BC indication, if all MSD types for this BC have been improved above a threshold the UE can report with a one bit low MSD indication to save the signaling size [3]. However, due to the limited time, the discussion was focus on the initial aspects of the signaling options during last RAN4 meeting, so we re-propose it here in this contribution.
Proposal 3: RAN4 to discuss potential solutions from RAN4 perspective on reducing the signalling overhead for the low MSD indication, including the following options.
- A joint solution of one bit low MSD indication per BC with the per victim band per MSD type per band combination signaling, one bit low MSD indication can be used if all MSD types for this BC have been improved to above a threshold.
- Other solutions are not precluded.
The definition of the one bit low MSD indication can be set as all MSD of this given band combination is < X dB if the MSD in the spec is higher than Y dB or 0 dB if the MSD in the spec is below Y dB, the value of X can be [6] dB and Y can be 10 dB, as originally proposed in [4]. Or it can be simply set as all MSD of this given band combination is 0dB.
3. Conclusion

3 proposals are made in this contribution, as below.
Proposal 1: For the per victim band per MSD type per band combination lower MSD UE capability, RAN4 to further discuss the following information to be included in the capability report.

· The information of the order of the UL harmonic direct-hit, harmonic mixing, IMD.

· The information of the aggressor UL and victim DL bandwidth of the UL harmonic direct-hit, harmonic mixing and the cross-band isolation.

· The information of the power class of the aggressor UL of the UL harmonic direct-hit, harmonic mixing, IMD and the cross-band isolation.

Noted that it was agreed that the lower MSD UE capability is optional, so proposal 1 does not mean the UE should report all of the orders, or all of the bandwidths, or all of the power classes in the capability report.
Proposal 2: The lower MSD report can be defined as follow:

· 
The MSD for the given interference type is not larger than the reported value under the same condition after the improvement. The applicable report values can be MSD = 0 and multiple thresholds (e.g. multiple of X dB.)

The value of X dB can be further discuss, e.g. [5] dB for PC3.
Proposal 3: RAN4 to discuss potential solutions from RAN4 perspective on reducing the signalling overhead for the low MSD indication, including the following options.

· A joint solution of one bit low MSD indication per BC with the per victim band per MSD type per band combination signaling, one bit low MSD indication can be used if all MSD types for this BC have been improved to above a threshold.
· Other solutions are not precluded.
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