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Background
This contribution provides text proposal on the candidate solution of the signalling design for low-MSD capability as described in the WID [1] based on our previous contributions [2][3] as well as the discussions in previous meetings [4][5]. 
Text Proposal
[bookmark: _Toc405202255]---Start of changes---
[bookmark: _Toc129094572]7.1	Possible MSD reporting approaches
[bookmark: _Toc129094573]7.1.x	Candidate solution 2: MSD reporting for frequency regions affected by self-interference
7.1.x.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.x.1-1 below. Note that MSD=0dB indicates no degradation of the receiver sensitivity.
Table 7.1.x.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 TBD. [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.x.1-2 below. However, not all the details are to be reported in order to reduce the signalling overhead.
Table 7.1.x.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.x.1-3. 
Table 7.1.x.1-3: Examples of MSD information unit.
	MSD in TS 38.101-1
	MSD information unit
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	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>
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	For CA_n1-n3-n78:
    <MSD≤30, IMD2, n78>
    <MSD≤15, IMD4, n78>
    <MSD≤30, IMD2, n3>
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	For CA_n3-n78:
    <MSD≤25, Harmonic, n78>
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	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≤25dB, the UE should be able to support at least one-level lower (e.g., MSD≤20dB) in order to report the low-MSD capability. 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.
7.1.x.2	Reporting of low-MSD information
7.1.x.2.1 Aspect of higher order band combinations
When a UE supports higher order band combinations, 3GPP specifies ΔTIB,c to allow certain relaxation in Tx power requirements as well as ΔRIB,c for relaxation in Rx sensitivity. Both factors can contribute to the relaxation of the MSD requirements for higher order band combinations. Hence, it’s reasonable to assume that higher order band combinations supported by the UE can inherit the low-MSD capabilities from the fall-back band combinations. As a result, a UE only needs to report low-MSD information for the following types of band combinations as shown in Table 7.1.x.2.1-1.
Table 7.1.x.2.1-1 Band combinations targeted for reporting low-MSD information
	MSD Source
	Band combination type 

	
	1UL/2DL
	2UL/2DL
	2UL/3DL

	UL Harmonic
	X
	
	

	Harmonic mixing
	X
	
	

	Cross band isolation
	X
	
	

	IMD
	X2
	X
	X1

	NOTE 1: Only MSD caused by the dual-UL IMD on the third band is reported.
NOTE 2: IMD may occur for intra-band non-contiguous CA. 



7.1.x.2.2 Aspect of power classes
The Tx power can have significant effect on MSD, especially for that caused by high order IMD. Some examples are shown in Table 7.1.x.2.2-1. For example, regarding CA_n1-n78, the MSD for IMD4 on band n1 deteriorates from 8.0dB to 17.8dB when the Tx power class is upgraded from PC3 to PC2.
Table 7.1.x.2.2-1: Example MSD requirements for different power classes.
	MSD in TS 38.101-1
	Power Class
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	PC3

	[image: ]
	PC2



One option is to report the low-MSD information for each power class, or for the power class requested by the network. Effectively, a UE may be requested to report low-MSD information for Tx power at 23dBm, 26dBm or 29dBm (i.e., PC3, PC2 or PC1.5).
Since each power class corresponds to one particular Tx power level, other options have been proposed to support wider range of Tx power. One option is to report the low-MSD information at a given Tx power level which is requested by the network. The Tx power level for the UE is predicted by the network using path loss estimate before a band combination is configured.
7.1.x.2.3	Network query based reporting
A UE may support a large number of band combinations across a wide frequency range. However, a practical network uses pre-planned frequency resources and may be interested in a very limited number of band combinations. To reduce the unnecessary signalling overhead, one solution is for the network to specify certain filter conditions when enquiring the UE about its low-MSD information, for example via UE-CapabilityReqeustFilterNR or some similar mechanism. The filter conditions may include: [frequency band(s)], [MSD source (such as IMD order)], [power class], and etc.
The query of the UE low-MSD information could happen before a band combination is configured, which could help the network scheduler to optimise its resource allocation according to the reported UE capabilities.
UE
gNB
Enquiry on low-MSD information
With filter on e.g., band n3, n78, IMD4, PC3.
Response for low-MSD information
CA_n3-n78:
<MSD≤10, IMD4, n3>
CA_n1-n3-n78:
    <MSD≤15, IMD4, n78>

Figure 7.1.x.2.3-1: Illustration of network query on low-MSD information


---End of changes---
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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
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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 sensitivity QPSK Prersens and uplink/downlink
configurations for PC3 CA
Band / Channel bandwidth / Nre / Duplex mode Source of
IMD
NR CA band NR band UL Fc UL/DL UL DL Fc MSD Duplex
combination (MHz) BW CLre (MHz) (dB) mode
(MHz)
CA_n1-n78 n1 1950 5 25 2140 8.0 FDD IMD4
n78 3710 10 50 3710 N/A TDD N/A
CA_n3-n41 n3 1740 5 25 1835 8.2 FDD IMD4
n41 2657.5 10 50 2657.5 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 2.2 FDD IMD7
n78 3305 10 1 3305 N/A TDD N/A
3780 10 (RBstart 3780
=3)
1
(RBstart
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Table 7.3A.5-1a:

2DL/2UL inter-band Reference sensi

ity QPSK Prersens and uplink/downlink

configurations for PC2 CA
Band / Channel bandwidth / Nrs / Duplex mode Source of
IMD
NRCA NR band UL Fc UL/DL uL DL Fc MSD Duplex
Configuration (MHz) BW Cire (MHz) (dB) mode
(MHz)
CA_n1-n78 n1 1950 5 25 2140 17.8 FDD IMD4
n78 3710 10 50 3710 N/A TDD N/A
CA_n3-n41 n3 1740 5 25 1835 18.4 FDD IMD4
n41 2657.5 10 50 2657.5 N/A TDD N/A
CA_n3-n78 n3 1740 5 25 1835 319 FDD IMD2
n78 3575 10 50 3575 N/A TDD N/A
n3 1765 5 25 1860 18.5 FDD IMD4
n78 3435 10 50 3435 N/A TDD N/A
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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





