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1. Introduction
RAN#103 agreed RAN4 spec quality task [1]. In this contribution we discuss suggested principles to modify Harmonic Mixing MSD specifications to re-gain consistency between requirements for different power classes and to regain consistency between NR CA and EN-DC. This is quite a bit of an effort, but we think it is crucial to improve specification quality by correcting errors and thus improving quality of the specifications. This clean-up should offer tremendous help going forward when new combinations are specified. When the baseline specifications are correct, then it is much easier to bring in new combinations, which would then not inherit flaws present in current specification as in vast majority of cases new combinations rely on MSD specified for other similar combinations.
2. Discussion
There are few hundred MSD specifications for Harmonic Mixing in NR CA and EN-DC specifications. In the very beginning of NR era, maintaining consistency between the specifications was easier as the number of entries was somewhat more limited. Gradually more and more combinations were specified which naturally increases the difficulty to keep everything consistent and correct. Introduction of higher power classes in large scale was one element further complicating the MSD specification work.
In many cases the practice to introduce new Harmonic Mixing MSD specifications has been to copy the value from similar kind of combination already specified. This practice is in general quite reasonable but has a few things which should be carefully considered.
We believe now it is good time to make the Harmonic Mixing specifications consistent again by using a number principles discussed below.
1) [bookmark: _Hlk161759489]Relationship of the MSD value for narrow and wide victim DL
· The same amount of interference is used for both narrow and wide victim DL 
2) Relationship of the MSD in NR CA and in EN-DC mode
· MSD in some cases can be a bit different in NR CA and in EN-DC, because the baseline REFSENS at least for wider DL’s is different. The interference which is used to calculate the MSD is same for both
3) Relationship of MSD when same filter is used for overlapping bands
· The same amount of interference should be used for all these bands
· The MSD number to derive interference is picked case-by-case basis among the existing MSD numbers
· MSD can be different for overlapping bands, in case the baseline REFSENS for these bands is different
4) [bookmark: _Hlk161744097]Relationship of MSD between different UE power classes
· Interference for PC2 is 3dB higher than for PC3
· Interference for PC1.5 is 3dB higher than for PC2
5) UL BW of aggressor band
· UL BW of the aggressor band is same for both narrow and wide victim DL BW
6) [bookmark: _Hlk161752428]UL RB allocation of the aggressor UL
· This must be such that it is entirely confined within the narrower victim DL BW even in case of ≥2UL/xDL
· This must not be larger than specified for aggressor UL band in REFSENS configuration
· The UL RB allocation is the same to verify narrow and wide victim DL 
7) [bookmark: _Hlk161756818]Missing Harmonic Mixing requirements are added
· If combination is specified for both NR CA and EN-DC, Harmonic Mixing is captured in both specifications
· If other combinations with same frequency range and frequency relationship have Harmonic Mixing specified, any similar missing combination is added
8) Correcting obvious bugs
· MSD value is changed when obviously incorrect number is in current specification
9) [bookmark: _Hlk162439334]Principles 1-8 are applied from the release each band combination is specified
· It is important that the requirements for a band combination are consistent across different releases

Next, we will give few examples for these principles. Yellow highlighted cell shows inconsistency in existing specification, and respective green highlighted cell shows how inconsistency is corrected. Please note that example are not exhaustive, but should give a good understanding on what is being proposed.

Principle 1):
Current specification:
[image: ]

10MHz REFSENS for n41 is -94.8dBm and the interference which causes 10.4dB MSD, assuming same interference for PRX and DRX is -84.2dBm. When same -83.9dBm interference is used with 100MHz DL which REFSENS is -84.5dBm we get 2.9dB MSD.

[image: ]

5MHz REFSENS for n12 is -97dBm and the interference which causes 31dB MSD, assuming same interference for PRX and DRX is -65.1dBm. When same -65.1dBm interference is used with 15MHz DL which REFSENS is -84dBm we get 18dB MSD.


Corrected specification:
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Principle 2)

Current specification:
[image: ]

Band combination 2-71 has all flavors specified, NR CA, DC_2_n71, and DC_71_n2. To minimize the changes, MSD for 5MHz n71 and n71 MSD should be 26.8dB i.e. changing only one entry instead of changing two. Note that the 5MHz REFSENS for both NR and LTE band 71 is -97.2dBm. The interference causing 26.8dBm MSD for -5MHz 97.2dBm REFSENS is -69.5dBm, which results in 15.6dBm MSD for 20MHz n71. Note that the 20MHz REFSENS for n71 is -86dBm, and the REFSENS for LTE band 71 is -87.5dBm. When -69.5dBm interference is used with 20MHz LTE DL which REFSENS is -87.5dBm we get 17.1dB MSD 

Corrected specification:
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Principle 3) and 1)

Current specification:

[image: ]

5MHz REFSENS for Band 5, 18, 26 is -98dBm, -100dBm, -97.5dBm, respectively. Assuming Band 5 5MHz as a reference, using interference which results in 24.3dB MSD for 5MHz band 5, we get the following MSD. Please note that 15MHz REFSENS for band 18 and band 26 is different resulting in different MSD. In these cases, picking the most suitable existing MSD value to derive the interference is a bit difficult, and is managed in case-by-case basis.

Corrected specification:
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Principle 4) and 1)

Current specification:
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MSD for PC3, PC2, and PC1.5 is shown above Note that yellow highlighted values are corrected according to principle 2. Interference resulting 6.7dB MSD for 5MHz n2 DL which REFSENS is -98dBm is -91.4dBm. Using same interference for 20MHz n2 DL which REFSENS is -91.8dBm we get 2.8dB MSD.

For PC2, the interference level is increased by 3dB into -88.4dBm, which results in 9.2dB and 4.4dB MSD’s for 5MHz and 20MHz, respectively. For PC1.5, the interference is further increased by 3dB into -85.4dBm which results in 11.9dB and 6.5dB MSD’s for 5MHz and 20MHz, respectively. Please note that 0.1dB difference is considered rounding issue so hence 9.1dB and 11.8dB numbers are not changed.
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Principle 5)

This principle is not super-critical from MSD point of view but could ease specification work a lot going forward.

Current specification:

[image: ]

In current specifications, the aggressor UL BW and in most cases also the UL RB amount is larger for the wider DL BW. This is not actually necessary; we could use the same UL BW and UL RB amount for both cases. This way the specification would be easier as proponent would not need to figure out arbitrary UL BW and UL RB allocation.

Corrected specification:
 [image: ]

Principle 6)

Current specification:

[image: ]

For CA_n41-n77, the UL RB allocation is currently 50RBs for 30kHz SCS. That should be 25RB’s, because 2*25 RB =50RB which fits inside 10MHz DL.

Corrected specification:
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Principle 7) and 1)

Due to huge number of combinations, there are several cases for which Harmonic mixing is not specified for both NR CA and EN-DC. 

Current specification:

[image: ]

5MHz REFSENS for LTE band 3 is -97dBm, and 20MHz REFSENS is -91dBm. Using the interference resulting in 5.7dB MSD for 5MHz, we get 2.3dB MSD for 15MHz, so small modification according to principle 1 is needed.
Looking at NR CA specification, there is no Harmonic Mixing requirement for n3-n77 even the combination has been specified for a long time. 5MHz REFSENS for n3 is -97dBm, and 20MHz REFSENS is -90.8dBm. Using principle 1, we get the following MSD’s which are to be added into NR CA specification. 

Corrected specification:
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3. Conclusion
Considerations on principles required to make Harmonic Mixing clean-up were provided in this paper, along with few examples. 
Proposal 1: Use the following principles in Harmonic Mixing clean-up
1) Relationship of the MSD value for narrow and wide victim DL
· The same amount of interference is used for both narrow and wide victim DL 
2) Relationship of the MSD in NR CA and in EN-DC mode
· MSD in some cases can be a bit different in NR CA and in EN-DC, because the baseline REFSENS at least for wider DL’s is different. The interference which is used to calculate the MSD is same for both
3) Relationship of MSD when same filter is used for overlapping bands
· The same amount of interference should be used for all these bands
· The MSD number to derive interference is picked case-by-case basis among the existing MSD numbers
· MSD can be different for overlapping bands, in case the baseline REFSENS for these bands is different
4) Relationship of MSD between different UE power classes
· Interference for PC2 is 3dB higher than for PC3
· Interference for PC1.5 is 3dB higher than for PC2
5) UL BW of aggressor band
· UL BW of the aggressor band is same for both narrow and wide victim DL BW
6) UL RB allocation of the aggressor UL
· This must be such that it is entirely confined within the narrower victim DL BW even in case of ≥2UL/xDL
· This must not be larger than specified for aggressor UL band in REFSENS configuration
· The UL RB allocation is the same to verify narrow and wide victim DL 
7) Missing Harmonic Mixing requirements are added
· If combination is specified for both NR CA and EN-DC, Harmonic Mixing is captured in both specifications
· If other combinations with same frequency range and frequency relationship have Harmonic Mixing specified, any similar missing combination is added
8) Correcting obvious bugs
· MSD value is changed when obviously incorrect number is in current specification
9) Principles 1-8 are applied from the release each band combination is specified
It is important that the requirements for a band combination are consistent across different releases

4. Reference
[1]  RP-240782, “Moderator's summary on RAN4 spec quality”, RAN4 Chair
5. Appendix


image6.emf
n2

n71

3

5 15 25 (RBstart=0) 5 26.8 NOTE 4 UL1/DL3

n2

n71

3

20 15 100 (RBstart=0) 20 15.6 NOTE 4 UL1/DL3

2 n71 5 15 25 (RBstart=0) 5 26.8 NOTE 4 UL1/DL3

2 n71 20 15 50 (RBstart=0) 20 15.6 NOTE 4 UL1/DL3

n2 71 5 15 25 (RBstart=0) 5 26.8 NOTE 4 UL1/DL3

n2 71 20 15 50 (RBstart=0) 20 17.1 NOTE 4 UL1/DL3


image7.emf
n41 5 10 15 25 (RBstart=0) 5 24.3 NOTE 4 UL1/DL3

n41 5 10 15 50 (RBstart=0) 10 24.3 NOTE 4 UL1/DL3

n41 18 10 15 25 (RBstart=0) 5 24.3 NOTE 4 UL1/DL3

n41 18 15 15 75 (RBstart=0) 15 22.5 NOTE 4 UL1/DL3

n41 26 10 15 25 (RBstart=0) 5 24.3 NOTE 4 UL1/DL3

n41 26 15 15 75 (RBstart=0) 15 22.5 NOTE 4 UL1/DL3


image8.emf
n41 5 10 15 25 (RBstart=0) 5 24.3 NOTE 4 UL1/DL3

n41 5 10 15 50 (RBstart=0) 10 21.3 NOTE 4 UL1/DL3

n41 18 10 15 25 (RBstart=0) 5 26.3 NOTE 4 UL1/DL3

n41 18 15 15 75 (RBstart=0) 15 21.5 NOTE 4 UL1/DL3

n41 26 10 15 25 (RBstart=0) 5 23.8 NOTE 4 UL1/DL3

n41 26 15 15 75 (RBstart=0) 15 19 NOTE 4 UL1/DL3


image9.emf
n77 n2 10 15 25 (RBstart=0) 5 6.7 NOTE 7 UL1/DL2

n77 n2 20 15 100 (RBstart=0) 20 3,7 NOTE 7 UL1/DL2


image10.emf
n77 n2 10 15 25 (RBstart=0) 5 9.1 NOTE 4 UL1/DL2

n77 n2 20 15 100 (RBstart=0) 20 6.7 NOTE 4 UL1/DL2


image11.emf
n77 n2 10 15 25 (RBstart=0) 5 11.8 NOTE 4 UL1/DL2

n77 n2 20 15 100 (RBstart=0) 20 9.2 NOTE 4 UL1/DL2


image12.emf
n77 n2 10 15 25 (RBstart=0) 5 6.7 NOTE 7 UL1/DL2

n77 n2 20 15 100 (RBstart=0) 20 2.8 NOTE 7 UL1/DL2


image13.emf
n77 n2 10 15 25 (RBstart=0) 5 9.1 NOTE 4 UL1/DL2

n77 n2 20 15 100 (RBstart=0) 20 4.4 NOTE 4 UL1/DL2


image14.emf
n77 n2 10 15 25 (RBstart=0) 5 11.8 NOTE 4 UL1/DL2

n77 n2 20 15 100 (RBstart=0) 20 6.5 NOTE 4 UL1/DL2


image15.emf
1 n71 5 15 25 (RBstart=0) 5 26.8 NOTE 4 UL1/DL3

1 n71 20 15 100 (RBstart=0) 20 15.6 NOTE 4 UL1/DL3


image16.emf
1 n71 5 15 25 (RBstart=0) 5 26.8 NOTE 4 UL1/DL3

1 n71 5 15 25 (RBstart=0) 20 15.6 NOTE 4 UL1/DL3


image17.emf
n77 n41 20 30 25 (RBstart=0) 10 10.4 NOTE 2 UL2/DL3


image18.emf
n77 n41 20 30 25 (RBstart=0) 10 10.4 NOTE 2 UL2/DL3


image19.emf
n77 3 10 15 25 (RBstart=0) 5 5.7

n77 3 20 15 100 (RBstart=0) 20 2.7


image20.emf
n77 3 10 15 25 (RBstart=0) 5 5.7

n77 3 20 15 100 (RBstart=0) 20 2.3


image21.emf
n77 n3 10 15 25 (RBstart=0) 5 5.7 NOTE 7 UL1/DL2

n77 n3 20 15 100 (RBstart=0) 20 2.2 NOTE 7 UL1/DL2


image1.emf
n77 n41 20 30 50 (RBstart=0) 10 10.4 NOTE 2 UL2/DL3

n77 n41 20 30 50 (RBstart=0) 100 6.3 NOTE 2 UL2/DL3


image2.emf
n77 n12 10 15 25 (RBstart=0) 5 31 NOTE 5 UL1/DL5

n77 n12 15 15 75 (RBstart=0) 15 26.2 NOTE 5 UL1/DL5


image3.emf
n77 n41 20 30 25 (RBstart=0) 10 10.4 NOTE 2 UL2/DL3

n77 n41 20 30 50 (RBstart=0) 100 2.9 NOTE 2 UL2/DL3


image4.emf
n77 n12 10 15 25 (RBstart=0) 5 31 NOTE 5 UL1/DL5

n77 n12 15 15 75 (RBstart=0) 15 18 NOTE 5 UL1/DL5


image5.emf
n2

n71

3

5 15 25 (RBstart=0) 5 26.5 NOTE 4 UL1/DL3

n2

n71

3

20 15 100 (RBstart=0) 20 15.3 NOTE 4 UL1/DL3

2 n71 5 15 25 (RBstart=0) 5 26.8 NOTE 4 UL1/DL3

2 n71 20 15 50 (RBstart=0) 20 15.6 NOTE 4 UL1/DL3

n2 71 5 15 25 (RBstart=0) 5 26.8 NOTE 4 UL1/DL3

n2 71 20 15 50 (RBstart=0) 20 15.6 NOTE 4 UL1/DL3



3GPP TSG


-


RAN WG4#110


bis


 


R4


-


24


05453


 


Changsha


, 


China


, 


April


 


15


th


 


–


  


1


9


th


, 2024


 


 


 


Agenda item:


 


11.1.1


 


Source: 


 


Qualcomm France


 


Title:


 


 


Harmonic Mixing clean


-


up


 


Document for:


 


Approval


 


1.


 


Introduction


 


RAN#103 agreed


 


RAN4 spec quality task [1]. 


In t


his contribution 


we


 


discus


s


 


suggested 


principles to 


modif


y


 


Harmonic Mixing MSD specification


s


 


to re


-


gain consistency between requirements for different power classes


 


and 


to regain consistency between NR CA and EN


-


DC.


 


This is quite a bit of an effort, but we think it is crucial to 


improve specification


 


quality by correcting 


errors


 


and thus improving quality


 


of 


the specifications. This 


clean


-


up


 


should


 


offer 


tremendous help going forward when new combinations are specified. When the baseline specifications 


are correct, then it is much easier to bring in 


new combinations, which would then not inherit flaws present in 


current specification


 


as in vast majority of cases new combinations rely on MSD specified 


for other similar


 


combinations.


 


2.


 


Discussion


 


There are few hundred MSD specifications for Harmonic Mixing in NR CA and EN


-


DC specifications.


 


In the very 


beginning


 


of NR era


, maintaining consistency between the specifications was easier as the number of entries was 


somewhat more limited.


 


Gradually more and more combinations were specified


 


which naturally increases the 


difficulty to keep everything consistent and correct.


 


Introduction of 


higher power classes in large scale


 


was one 


element 


further 


complicating the 


MSD specification work.


 


In


 


many cases the practice to introduce new 


Harmonic Mixing MSD specifications has been to copy the value from 


similar kind of combination already specified. This practice is in general quite 


reasonable but has a few 


things which 


should be


 


carefully


 


considered.


 


We believe now it is good time to make the 


Harmonic Mixing 


specifications consistent


 


again


 


by using 


a number


 


principles discussed below.


 


1)


 


Relationship of the MSD value for narrow and wide victim DL


 


o


 


The same amount of interference 


is


 


used for both 


narrow and wide victim DL 


 


2)


 


Relationship of the MSD in NR CA and in EN


-


DC mode


 


o


 


MSD 


in some cases


 


can be a bit different in NR CA and in 


EN


-


DC


, because the baseline 


REFSENS


 


at least for wider DL’s is different. The interference which is used to calculate the MSD 


is


 


same


 


for both


 


3)


 


Relationship of MSD when same filter is used


 


for 


overlapping


 


bands


 


o


 


The same amount of interference should be used


 


for all 


these 


bands


 


o


 


The 


MSD number to derive interference


 


is picked case


-


by


-


case basis


 


among the existing 


MSD 


numbers


 


o


 


MSD can be different for overlapping bands, in case the baseline REFSENS for these bands is 


different


 


4)


 


Relationship of MSD between different UE power classes


 


o


 


Interference for PC2 is 3dB higher than for PC3


 


o


 


Interference for PC1.5 is 3dB higher than for PC2


 


5)


 


UL


 


BW of aggressor band


 




3GPP TSG - RAN WG4#110 bis   R4 - 24 05453   Changsha ,  China ,  April   15 th   –    1 9 th , 2024       Agenda item:   11.1.1   Source:    Qualcomm France   Title:     Harmonic Mixing clean - up   Document for:   Approval   1.   Introduction   RAN#103 agreed   RAN4 spec quality task [1].  In t his contribution  we   discus s   suggested  principles to  modif y   Harmonic Mixing MSD specification s   to re - gain consistency between requirements for different power classes   and  to regain consistency between NR CA and EN - DC.   This is quite a bit of an effort, but we think it is crucial to  improve specification   quality by correcting  errors   and thus improving quality   of  the specifications. This  clean - up   should   offer  tremendous help going forward when new combinations are specified. When the baseline specifications  are correct, then it is much easier to bring in  new combinations, which would then not inherit flaws present in  current specification   as in vast majority of cases new combinations rely on MSD specified  for other similar   combinations.   2.   Discussion   There are few hundred MSD specifications for Harmonic Mixing in NR CA and EN - DC specifications.   In the very  beginning   of NR era , maintaining consistency between the specifications was easier as the number of entries was  somewhat more limited.   Gradually more and more combinations were specified   which naturally increases the  difficulty to keep everything consistent and correct.   Introduction of  higher power classes in large scale   was one  element  further  complicating the  MSD specification work.   In   many cases the practice to introduce new  Harmonic Mixing MSD specifications has been to copy the value from  similar kind of combination already specified. This practice is in general quite  reasonable but has a few  things which  should be   carefully   considered.   We believe now it is good time to make the  Harmonic Mixing  specifications consistent   again   by using  a number   principles discussed below.   1)   Relationship of the MSD value for narrow and wide victim DL   o   The same amount of interference  is   used for both  narrow and wide victim DL    2)   Relationship of the MSD in NR CA and in EN - DC mode   o   MSD  in some cases   can be a bit different in NR CA and in  EN - DC , because the baseline  REFSENS   at least for wider DL’s is different. The interference which is used to calculate the MSD  is   same   for both   3)   Relationship of MSD when same filter is used   for  overlapping   bands   o   The same amount of interference should be used   for all  these  bands   o   The  MSD number to derive interference   is picked case - by - case basis   among the existing  MSD  numbers   o   MSD can be different for overlapping bands, in case the baseline REFSENS for these bands is  different   4)   Relationship of MSD between different UE power classes   o   Interference for PC2 is 3dB higher than for PC3   o   Interference for PC1.5 is 3dB higher than for PC2   5)   UL   BW of aggressor band  

