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1. Introduction
In RAN4 #106-bis-e, WF [1] has been agreed for low MSD study WI. The contribution provides further discussion.
2. Discussion
During RAN4#106-bis-e meeting, signalling method for UE supporting low MSD has been discussed but not not concluded yet. Options were left in the WF and are copied below,
Sub-topic 1-1: Conditions to indicate the lower MSD capability
· Candidate options
· Option 1: For the purpose of MSD improvement, if the minimum requirement for a given REFSENS exception case falls into the interval of MSD ≤ Thi dB, the actual MSD should be at least one-level lower (i.e., actual MSD ≤ Thi-1 dB) in order for the UE to report the low-MSD capability. If the actual MSD is larger than the maximum threshold ThM-1 (i.e. out of range), the UE cannot report low-MSD capability for this REFSENS exception case (Samsung, Xiaomi, Nokia, AT&T, Skyworks, HW)
· If UE reports the lower MSD capability, the reported MSD value should be improved at least by TBD dB against a specified MSD
· Option 2: For the purpose of MSD improvement, if the minimum requirement for a given REFSENS exception case falls into the interval of MSD ≤ Thi dB, the actual MSD should be at least one-level lower (i.e., actual MSD ≤ Thi-1 dB) in order for the UE to report the low-MSD capability. If the actual MSD is larger than the maximum threshold ThM-1 (i.e. out of range), the UE cannot report low-MSD capability for this REFSENS exception case (QC, OPPO, vivo)
· If UE reports the lower MSD capability, the reported MSD value should be improved at least by TBD dB against a specified MSD
· Option 3: Others (Meta, MediaTek, Apple)

· WF
Further discuss the listed options.
An LS is also sent to RAN2 to inform on defining one set of absolute multiple thresholds for lower MSD for considering on threshold-based low MSD reporting approach in which respective MSD indication of corresponding threshold(s) are reported with one of the thresholds listed in the set.
Observation 1: LS[4] is only applicable on threshold-based reporting approach, not for non-threshold based approach
We can see there are two different approach basically. One is threshold-based lower MSD reporting, the other is directly reported lower MSD values. It has been extensively discussed for threshold-based low-MSD reporting on how to decide values/granularity on the threshold table. Here we provide another thinking on direct reporting low-MSD values approach. In existing specs, MSD due to second or third order harmonic or IMD may have larger values from 20 to 30+ while higher order may have only a few dB (<5~10dB). For some cases with a few dB MSD, even 1dB improvement could be significant. And it is up to network to judge whether the improvement is useful and how it affects network behavior. 
As for how to report the lower MSD capability, several promising options for allowing a UE to signal improved lower MSD performance have been discussed[1]. It is also agreed that the MSD mechanisms, orders and values in existing specs shall all be considered as starting point. Considering there are many MSD mechanisms and the power class of aggressor as well as the order of aggressor could be up to 9 in existing specs. The basic low-MSD information shall include terms mentioned above per RAN4 agreement. It is also agreed if new MSD type is identified and specified by RAN4 in the future, the new MSD type can also be considered for indicating lower MSD capability[1]. RAN4 has agreed essential information shall include below information:
· Victim band
· MSD type (harmonic; harmonic mixing; cross band isolation; IMD) with orders
· MSD value/thresholds
Observation 2: The lower MSD capability signaling can be specified as per victim band per BC as a 2-tuple of < MSD mechanism/Aggressor power class and its order, MSD value > as below examples can save 1-tuple signaling overhead on adaptive network signaling approach.
Table 1: Information element examples of improved MSD reporting per BC for non-threshold based approach.
	MSD in TS 38.101-1
	MSD information unit

	[image: ]
	For CA_n1-n3: 
   Victim n1: <PC3IMD3, 17>

For CA_n1-n78:
    Victim n1: <PC3IMD4, 4>

For CA_n3-n78:
   Victim n3: <PC3IMD2, 19>
   Victim n3: <PC3IMD4, 4>
   Victim n3: <PC3IMD7, 0>

	[image: ]
	For CA_n1-n3-n78:
  Victim n78: <PC3IMD2, 19>
  Victim n78:  <PC3IMD4, 6>
  Victim n3: <PC3IMD2, 19>
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	For CA_n3-n78:
  Victim n78: <PC3UL2DL1, 17>
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	For CA_n1-n3:
  Victim n3: <PC3XB, 11>


Same 2-tuple information can be applicable for threshold-based also as below examples,
Table 2: Information element examples of improved MSD reporting per BC for threshold-based approach.
	MSD in TS 38.101-1
	MSD information unit

	[image: ]
	For CA_n1-n3: 
   Victim n1: <PC3IMD3, index 7>

For CA_n1-n78:
    Victim n1: <PC3IMD4, index 2>

For CA_n3-n78:
   Victim n3: <PC3IMD2, index 7>
   Victim n3: <PC3IMD4, index 3>
   Victim n3: <PC3IMD7, index 2>

	[image: ]
	For CA_n1-n3-n78:
  Victim n78: <PC3IMD2, index 7>
  Victim n78:  <PC3IMD4, index 2>
  Victim n3: <PC3IMD2, index 7>

	[image: ]
	For CA_n3-n78:
  Victim n78: <PC3UL2DL1, index 6>

	[image: ]
	For CA_n1-n3:
  Victim n3: <PC3XB, index 4>


where the reported index can be pointed to an agreed MSD values table like example 3-bits index table below. If there is only 2-bits(4 steps) on the MSD threshold, it might be too rough.
Table 3: Actual MSD values
	Index
	Actual MSD range (dB)

	0
	0 ≤ Actual MSD ≤ 3

	1
	3 ＜ Actual MSD ≤ 6

	2
	6 ＜ Actual MSD ≤ 9

	3
	9 ＜ Actual MSD ≤ 12

	4
	12 ＜ Actual MSD ≤ 15

	5
	15 ＜ Actual MSD ≤ 18

	6
	18 ＜ Actual MSD ≤ 21

	7
	21 ＜ Actual MSD ≤ 24


Proposal 1: We propose below 3-bits index table for threshold-based low-MSD reporting.
	Index
	Actual MSD range (dB)

	0
	0 ≤ Actual MSD ≤ 3

	1
	3 ＜ Actual MSD ≤ 6

	2
	6 ＜ Actual MSD ≤ 9

	3
	9 ＜ Actual MSD ≤ 12

	4
	12 ＜ Actual MSD ≤ 15

	5
	15 ＜ Actual MSD ≤ 18

	6
	18 ＜ Actual MSD ≤ 21

	7
	21 ＜ Actual MSD 


We also propose low-MSD singling in granularity of 1dB for non-threshold based reporting.
As for how to report the lower MSD capability, several promising options for allowing a UE to signal improved lower MSD performance have been discussed[1]. It is also agreed that the MSD mechanisms, orders and values in existing specs shall all be considered as starting point. With the introduction of the improved MSD feature, it may bring huge signaling overhead impact and larger memory size for both UE and BS for implementation. How to reduce these signaling overhead become an important topic. From network implementation, it may use pre-planned frequency resources and may be interested in a very limited number of band combinations. Some signaling design on reduction of signaling overhead from network perspective were mentioned in [3]. We also provided some idea on adaptive signaling approach. Network can require UE only to report the top K largest MSD values together with its mechanism indexing and improved MSD values. For example: if K=1, Network scheduling with reference on top largest value of reported lower MSD. The signaling flow is illustrated as below figures:
[image: ]
Figure 1 Example illustration of network query on low-MSD information, K=1
Or alternative low-MSD signaling expression with index:
[image: ]
Figure 2 Example illustration of network query on low-MSD information, K=1
With such adaptive signalling approach, UE does not need to report all low-MSD information over all supported band combinations. UE may also not need to restore all improved low-MSD points, it only needs to restore top K largest low-MSD information which can save the size of UE memory to smaller one. Network also does not need to restore large amount of low-MSD information that only a few of them are interested band combinations.
Observation 3: An adaptive signaling approach that network can require UE only to report the top K largest MSD values together with its mechanism indexing and improved MSD values can save large amount of signaling overhead
Proposal 2 RAN4 consider both threshold-based approach and non-threshold-based approach to indicate the lower MSD capability
Proposal 3 RAN4 down select for each type of approach
3. Conclusion
Observation 1: LS[4] is only applicable on threshold-based reporting approach, not for non-threshold based approach
Observation 2: The lower MSD capability signaling can be specified as per victim band per BC as a 2-tuple of < MSD mechanism/Aggressor power class and its order, MSD value > as below examples can save 1-tuple signaling overhead on adaptive network signaling approach.
Proposal 1: We propose below 3-bits index table for threshold-based low-MSD reporting.
	Index
	Actual MSD range (dB)

	0
	0 ≤ Actual MSD ≤ 3

	1
	3 ＜ Actual MSD ≤ 6

	2
	6 ＜ Actual MSD ≤ 9

	3
	9 ＜ Actual MSD ≤ 12

	4
	12 ＜ Actual MSD ≤ 15

	5
	15 ＜ Actual MSD ≤ 18

	6
	18 ＜ Actual MSD ≤ 21

	7
	21 ＜ Actual MSD 


We also propose low-MSD singling in granularity of 1dB for non-threshold based reporting.

Observation 3: An adaptive signaling approach that network can require UE only to report the top K largest MSD values together with its mechanism indexing and improved MSD values can save large amount of signaling overhead
Proposal 2 RAN4 consider both threshold-based approach and non-threshold-based approach to indicate the lower MSD capability
Proposal 3 RAN4 down select for each type of approach
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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 SCS of UL UL RB DL
uL oo | Y-Fe | Bw band Allocation | PLFe | pw | MSD | Cross-band
Interference
band band
source
(MHz) | (MHz) (kHz) Lcrs (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
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Table 7.3A.5-1: 2DL/2UL inter-band Reference sensi
configurations for PC3 CA

ity QPSK Prersens and uplink/downlink

Band / Channel bandwidth / Nrs / Duplex mode Source of
IMD
NR CA band NRband | ULFc | ULDL uL DLFc | MSD | Duplex
combination (MHz) BW Cira | (MHz) (d8) | mode
(MHz)
CA_ni-n3 ni 1950 5 2 2140 23 FDD IMD3
3 1760 5 25 1855 NIA TDD N/A
CA_ni-n78 ni 1950 5 25 2140 80 FOD TMD&
n78 3710 10 50 3710 NIA 7DD NiA
CA_n3-n78 n3 1740 5 25 1835 2 FOD | IMD2
n78 3575 10 25 3575 NIA 7DD NIA
n3 1765 5 25 1860 80 FDD | IMD4*
n78 3435 10 25 3435 NIA TDD NIA
n3 NIA 5 NIA 1877.5 22 FDD IMD7
n78 3305 70 1 3305 NIA TDD N/A
3780 10 | (RBstat =~ 3780
=3)
1
(RBstart

=0)
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: 3DL/2UL interband Reference sensi

configurations

ity QPSK Prersens and uplink/downlink

Band / Channel bandwidth / Nrs / Duplex mode Source of
IMD
NR CA band NRband | ULFc | ULDL UL DLFc | MSD | Duplex
combination (MHz) BW Cwa | (MHz) (dB) | mode
(MHz)
CA_ni-n3:n78 ni 1950 5 25 2140 N/A FDD N/A
n3 1750 5 25 1845 N/A N/A
n78 3700 10 52 3700 284 TDD IMDZ
ni 1950 5 25 2140 N/A FDD N/A
n3 1770 5 25 1865 N/A N/A
n78 3360 10 52 3360 1.2 TDD IMD4
ni 1950 5 25 2140 N/A FDD NIA
n3 1735 5 25 1830 279 IMDZ
n78 3780 10 52 3780 NA 7DD N/A
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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 | scSofuL ULRB DL | pen
uL DL BW band Allocation BW UL/DL fc UL/DL harmonic
band | band condition order
(MHz) | (kHz) Lere (MHz) | (dB)
» UL2/DLA
n3 n78 5 15 25 (RBstart=0) | 10 | 239 NOTE 2 directhit
» UL2/DLA
n3 n78 10 15 50 (RBstart=0) | 100 | 13.8 NOTE 2 directhit
» UL2/DLA
n3 n78 5 15 25 (RBstart=0) | 10 | 1. NOTE 6 near-miss





