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1. [bookmark: _heading=h.gjdgxs]Introduction
In RAN4 #108bis meeting, RAN4 agreed the main open issues such as MSD type and order and signalling overhead issues. Based on agreed WFs [1][2][3], we propose to update the FFS and TBD in some sub-clauses as follow:

Text Proposal
[bookmark: _Toc405202255]<<<<<<<<<<< Start of changes in section 7.1.2 >>>>>>>>>>
[bookmark: _Toc148361261] 7.1.2	Candidate solution 2: MSD reporting for frequency regions affected by self-interference
[bookmark: _Toc148361262]7.1.2.1	Basic MSD information unit
Based on the survey of the existing MSD specifications, the essential MSD information for a band combination includes: the cause of the MSD (such as harmonic interference, intermodulation, cross-band isolation and etc), the aggressor band(s), the victim band and the amount of MSD in dB. 
The first three pieces of information are correlated. After reducing the redundancy, the basic MSD information unit can be escribed as a 3-tuple of <MSD value, MSD source, Victim band >.
The details of the basic MSD information unit are shown in Table 7.1.2.1-1 below. Note that MSD=0dB indicates no degradation of the receiver sensitivity.
Table 7.1.2.1-1: Basic MSD Information Unit for a band combination
	MSD 3-tuple
	<MSD value, MSD source, Victim band>

	MSD Value
	The index within the set of {MSD=0dB, MSD≤Th1 dB, MSD≤Th2 dB, …,  MSD≤Thi dB, …, MSD≤ThM-1 dB }, where M is the total number of thresholds

	MSD Source
	The index within the set of {Harmonic, Harmonic mixing, cross-band ISO, IMDn (n=2, …, K)}, where K is the highest IMD order up to 5 in Rel-18TBD. [Handling of order for Harmonic and Harmonic mixing is FFS]. 

	Victim Band
	Band number or the band index within the DL band combination



More explicitly, as per the latest 3GPP specifications, the MSD sources can be summarised in Table 7.1.2.1-2 below. However, not all the details are to be reported in order to reduce the signalling overhead.
Table 7.1.2.1-2: MSD sources
	Interference source
	3GPP notations

	UL harmonic
	UL2/DL1, UL3/DL1, UL4/DL1, UL5/DL1 (Only direct-hit is counted.)

	Harmonic mixing
	UL1/DL2, UL1/DL3, UL1/DL4, UL1/DL5, UL2/DL3, UL3/DL2, UL4/DL3

	Intermodulation
	IMD2, IMD3, IMD4, IMD5, IMD7, IMD9

	Cross-band Isolation
	ACLR1, ACLR2, >ACLR2



In the following, some examples are given to demonstrate the basic MSD information to be reported by a UE. For different types of MSD sources, the MSD information units to be reported are shown in Table 7.1.2.1-3. 
Table 7.1.2.1-3: Examples of MSD information unit.
	MSD in TS 38.101-1
	MSD information unit

	[image: 텍스트, 번호, 폰트이(가) 표시된 사진

자동 생성된 설명]
	For CA_n1-n3: 
    <MSD≤25, IMD3, n1>

For CA_n1-n78:
    <MSD≤10, IMD4, n1>

For CA_n3-n78:
    <MSD≤30, IMD2, n3>
    <MSD≤10, IMD4, n3>
    <MSD≤5, IMD7, n3>

	[image: 텍스트, 번호, 폰트, 스크린샷이(가) 표시된 사진

자동 생성된 설명]
	For CA_n1-n3-n78:
    <MSD≤30, IMD2, n78>
    <MSD≤15, IMD4, n78>
    <MSD≤30, IMD2, n3>

	[image: 텍스트, 폰트, 스크린샷, 번호이(가) 표시된 사진

자동 생성된 설명]
	For CA_n3-n78:
    <MSD≤25, Harmonic, n78>

	[image: 텍스트, 폰트, 스크린샷, 번호이(가) 표시된 사진

자동 생성된 설명]
	For CA_n1-n3:
    <MSD≤20, Cross-band ISO, n3>



Note that for the purpose of MSD improvement, a UE should perform better than the minimum requirement in order to claim the low-MSD capability. For example, if the minimum requirement falls into the interval of MSD≤Thi 25dB, the UE should be able to support at least one-level lower (e.g., MSD≤Thi-1 20dB) in order 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 A supplementary condition such that if UE reports the lower MSD capability, the reported MSD value should be improved at least by TBD dB against a specified MSD is FFS.
<<<<<<<<<<< Unchanged sections are omitted >>>>>>>>>>
[bookmark: _Toc148361268]7.1.2.2.3.2	Effect of introducing network preferred minimum Lower MSD class as one of the filtering conditions
It has already been agreed that the following MSD thresholds would be defined as following in Table 7.1.2.2.3.2-1 :
Table 7.1.2.2.3.2-1: Actual lower MSD capability signalling index
	Index
	Maximum allowed actual MSD
 (i.e. Thresholds)
	Lower MSD
 Capability classes
	Note

	0
	0dB
	Ⅰ
	No degradation

	1
	3 dB
	Ⅱ
	Actual MSD ≤ 3dB

	2
	6 dB
	Ⅲ
	Actual MSD ≤ 6dB

	3
	9 dB
	IV
	Actual MSD ≤ 9dB

	4
	12 dB
	Ⅴ
	Actual MSD ≤ 12dB

	5
	15 dB
	Ⅵ
	Actual MSD ≤ 15dB

	6
	18 dB
	Ⅶ
	Actual MSD ≤ 18dB

	7
	22dB
	Ⅷ
	Actual MSD ≤ 22dB



However, there are still views that this granularity is much finer than the network really needs, depending on how to use this capability by the network. For example, the network may simply use one MSD value as a threshold to set different scheduling method for a particular band / BC, and some minor refinements such as a few dB in relative higher region, e.g 18dB -> 15 or 12 dB, may not that meaningful for the network. In this case, even the UE may be qualified for “Lower MSD” in a certain scenario including band/MSD type etc, the network may simply treat this UE the same to a UE which only satisfy minimum MSD requirement, and the signalling of Lower MSD for this particular scenario, might actually not be needed by the network.
In another word, depending on how the network would utilize Lower MSD capability class, the lower MSD capable UE for a certain scenario may not be differentiated by the network with UE only satisfy minimum MSD requirements, particularly if the lower MSD capability class is relatively large.
[bookmark: _Hlk146285006]Based on this condition, a network preferred minimum Lower MSD capability class can be considered as another filter parameter for reducing capability reporting. For example, if network would only consider a maximum allowed 6dB MSD for harmonic interference for n3-n78 harmonics interference for n78, it can consider using the lower MSD capability class as a filtering parameter, and set up the maximum allowed report class as III (index 2), which corresponds to a maximum allowed actual MSD of 6dB. In this case, the UE would report the lower MSD class for this scenario if it can satisfy class I or II or III. If the UE support lower MSD but can only achieve lower MSD class larger than III, the UE would not report the capability since anyway the network would treat it the same to UE only support minimum requirements.
In this way, the signalling overhead is saved based on network needs. Though the UE may lose the opportunity to report in the condition, those reporting would anyway be meaningless since network would no use it and explicitly indicted. Furthermore, the whole scheme is well controlled by the network.

[bookmark: _Toc148361269]7.1.3	Candidate solution 3: MSD reporting for frequency regions affected by self-interference
[bookmark: _Toc148361270]7.1.3.1	Basic MSD information unit
Based on the survey of the existing MSD specifications, there are types of MSD mechanism includes: uplink(aggressor) harmonic, receiver harmonic mixing, cross-band isolation, intermodulation and etc. The aggressor power class also have direct impact on the victim band and the amount of MSD in dB. 
The improved lower MSD capability signalling shall include its mechanism, aggressor order, aggressor power class and improved MSD values per victim band. The lower MSD capability signalling can be specified as per victim band per BC as a 2-tuple of < MSD mechanism/Aggressor power class and its order, MSD value >. This can save 1-tuple signaling overhead on adaptive network signalling approach comparing to 3-tuple signalling element.
Some examples are given below to demonstrate the improved MSD reporting information for different types of MSD mechanisms. Table 7.1.3.1-1 referred from [3] for ease of understanding. For one mechanism same aggressor power class, order and victim order, only the worst MSD value after improvement is reported to reduce unnecessary signalling overhead. All the MSD in existing specs are within the scope of lower MSD capability reporting. Further, 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.
UE would not be allowed to report the lower MSD capability if there’s no improvement. It can be further discussed to set a reporting threshold that reported MSD value should be improved at least by TBD dB against existing specified MSD.
[bookmark: _Hlk134718739]Table 7.1.3.1-1: Information element examples of improved MSD reporting per BC for non-threshold based approach
	MSD in TS 38.101-1
	MSD information unit

	[image: 텍스트, 번호, 폰트, 낱말맞추기 퍼즐이(가) 표시된 사진

자동 생성된 설명]
	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: 텍스트, 번호, 폰트, 스크린샷이(가) 표시된 사진

자동 생성된 설명]
	For CA_n1-n3-n78:
  Victim n78: <PC3IMD2, 19>
  Victim n78:  <PC3IMD4, 6>
  Victim n3: <PC3IMD2, 19>

	[image: 텍스트, 폰트, 번호, 스크린샷이(가) 표시된 사진

자동 생성된 설명]
	For CA_n3-n78:
  Victim n78: <PC3UL2DL1, 17>

	[image: 텍스트, 폰트, 스크린샷, 번호이(가) 표시된 사진

자동 생성된 설명]
	For CA_n1-n3:
  Victim n3: <PC3XB, 11>


An alternative expression on the information element of low-MSD reporting can also be a few bits index that pointed to some actual MSD values like the examples below,
Table 7.1.3.1-2: Information element examples of improved MSD reporting per BC for threshold-based approach
	MSD in TS 38.101-1
	MSD information unit

	[image: 텍스트, 번호, 폰트, 낱말맞추기 퍼즐이(가) 표시된 사진

자동 생성된 설명]
	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>
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자동 생성된 설명]
	For CA_n1-n3-n78:
  Victim n78: <PC3IMD2, index 7>
  Victim n78:  <PC3IMD4, index 2>
  Victim n3: <PC3IMD2, index 7>
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자동 생성된 설명]
	For CA_n3-n78:
  Victim n78: <PC3UL2DL1, index 6>

	[image: 텍스트, 폰트, 스크린샷, 번호이(가) 표시된 사진

자동 생성된 설명]
	For CA_n1-n3:
  Victim n3: <PC3XB, index 4>


where the reported index can be pointed to an agreed MSD values in Ttable 7.1.2.2.3.2-1. like example 3-bits index table below:
Table 7.1.3.1-3: 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 
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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 | usp
uL DL BW band Allocation BW UL/DL fe UL/DL harmonic
band band condition order
(MHz) (kHz) Lcra (MHz) | (dB)

3 | n78 | s 15 25(RBstart=0) | 10 | 238 | NOTE?2 uL2/DL1
direct-hit
n3 | nie | 10 15 50 (RBstart=0) | 100 | 138 |  NOTE2 uL2/DL1
direct-hit
ng | n78 5 15 25 (RBstart=0) | 10 | 1.1 NOTE 6 uL2/DL1
near-miss





image4.png
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





image5.png
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
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Table 7.3A.5-1: 2DL/2UL inter-band Reference sensitivity QPSK Prersens and uplink/downlink

configurations for PC3 CA

Band / Channel bandwidth / Nrs / Duplex mode Source of
IMD
NR CA band NR band UL Fe UL/DL UL DL Fc MSD Duplex
combination (MHz) BW CirB (MHz) (dB) mode
(MHz)
CA_n1-n3 n1 1950 5 25 2140 23 FDD IMD3
n3 1760 5 25 1855 N/A TDD N/A
CA_n1-n78 n1 1950 5 25 2140 8.0 FDD IMD4
n78 3710 10 50 3710 N/A TDD N/A
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 22 FDD IMD7
n78 3305 10 1 3305 N/A TDD N/A
3780 10 (RBstart 3780

(RBstart
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Table 7.3A.5-2: 3DL/2UL interband Reference sensitivity QPSK Pgrersens and uplink/downlink
configurations

Band / Channel bandwidth / Nrs / Duplex mode Source of
IMD
NR CA band NR band UL Fe UL/DL UL DL Fc MSD Duplex
combination (MHz) BW CirB (MHz) (dB) mode
(MHz)

CA_n1-n3-n78 n1 1950 5 25 2140 N/A FDD N/A
n3 1750 5 25 1845 N/A N/A
n78 3700 10 52 3700 28.4 TDD IMD2
n1 1950 5 25 2140 N/A FDD N/A
n3 1770 5 25 1865 N/A N/A
n78 3360 10 52 3360 11.2 TDD IMD4
n1 1950 5 25 2140 N/A FDD N/A
n3 1735 5 25 1830 27.9 IMD2
n78 3780 10 52 3780 N/A TDD N/A





