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Introduction
In the last RAN4#110bis meeting, the method on how to simplify the PC2 FDD MSD calculation was discussed and the WF [1] was approved as below. 

Proposal: Interested companies are invited to study if simplified guidelines could be proposed to avoid having to recalculate the baseline 1Tx PC3 interference levels and subsequent 1Tx PC2 and 2Tx PC2 MSD levels.
It is proposed to study guidelines along this line of thought as examples. The granularity/number of cases may be refined, the idea is to start building some sort of PC2 MSD classes.
· Case 1: 
1Tx PC3 MSD is specified and MSD value is >= [10]dB. then MSD class I could be:
· 1Tx PC2 MSD = 1Tx PC3 MSD + [3]dB, 
· 2Tx PC2 MSD = 1Tx PC2 MSD + [3]dB. 

· Case 2: 
1Tx PC3 MSD is specified and [3]<= MSD value< [10]dB, then MSD class II could be:
· 1Tx PC2 MSD = 1Tx PC3 MSD + [2]dB, 
· 2Tx PC2 MSD = 1Tx PC2 MSD + [2]dB.

· Case 3: 
1Tx PC3 MSD is not specified or its value is <[3]dB, then:
· Companies are invited to provide guidelines on how to
·  1) evaluate or re-evaluate the baseline 1Tx PC3 interference levels,
·  2) evaluate the 1Tx PC2 MSD and,
·  3) evaluate the 2Tx PC2 MSD .
 
· An example of such guidelines can be found in [2] for the example of CA_n71B BCS4/5 SCC MSD and reminded in the Annex.
Other guidelines to help simplify writing TP for TRs for PC2 FDD are not precluded.

In this contribution	we evaluate MSD analysis for various conditions and propose the simplified MSD calculation guidelines for PC2 FDD.

Discussion
MSD analysis due to interferer power increase
It is recommended that the existing specified 1Tx PC3 MSD should be used as a reference when deriving 1Tx PC2 MSD or 2Tx PC2 MSD. That means the interferer noise power for 1Tx PC3 should be used as baseline.
In general, MSD is calculated using the MRC equation with primary receiver and secondary receiver noise composed of thermal and interferer noise. But it should be noted that the primary receiver noise and the secondary receiver noise are not necessarily same and there might be interferer power imbalance between them. This is due to the fact that the RF front end architecture is not always symmetrical for both primary and secondary receiver path. So we need to consider this interferer power imbalance for the MSD calculation of PC2 FDD.

The interferer power imbalance can be varied for various RF front end architecture and CA combination. It can be 0dB up to 15dB or more. So we evaluate PC2 FDD MSD for various interferer power level imbalances.

1Tx PC2 MSD compared to 1Tx PC3 MSD
Figure 1 shows MSD differences between 1Tx PC2 MSD and 1Tx PC3 MSD for various 1Tx PC3 MSD (3, 5, 8, 10, 15, 20, 25dB). It is assumed that the interferer power at the primary receiver is increased by 3dB for 1Tx PC2 compared to 1Tx PC3. 
Here we assumed the correlated noise source, in other words correlated MRC.
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Figure 1. MSD difference between 1Tx PC2 MSD and 1Tx PC3 MSD


From Figure 1 we can see that if the interferer power imbalance is increased, the MSD delta between 1Tx PC2 and 1Tx PC3 is getting smaller especially for lower 1Tx PC3 MSD such as 3dB and 5dB. This is because the interferer noise might be smaller than the thermal noise at the secondary receiver for larger interferer power imbalance case so the composite noise might increase slightly so we can get diversity gain benefit for 2 Rx sensitivity.

For cases where the 1Tx PC3 MSD is larger than 10dB the MSD delta is not much affected by the interferer power imbalance : ~2.5dB for 1Tx PC3 MSD of 10dB and ~2.12
 dB for 1Tx PC3 MSD of larger than 15dB.

Observation 1: If the interferer power imbalance is increased, the MSD delta between 1Tx PC2 and 1Tx PC3 is getting smaller especially for lower 1Tx PC3 MSD such as 3dB and 5dB.

Observation 2: If the interferer power imbalance is increased, the MSD delta between 1Tx PC2 and 1Tx PC3 is almost same especially for larger 1Tx PC3 MSD such as >10dB.


2Tx PC2 MSD compared to 1Tx PC2 MSD
Figure 2 shows MSD differences between 2Tx PC2 MSD and 1Tx PC2 MSD for various 1Tx PC3 MSD (3, 5, 8, 10, 15, 20, 25dB). The baseline interferer at the primary and secondary receiver for 1Tx PC3 should be reused but each receiver sees the same interferer power level. In other words the interferer power of the primary receiver or secondary receiver for 2Tx PC2 is the composite of the interferer power of the primary receiver and secondary receiver for 1Tx PC3.
Here we assumed the correlated noise source, in other words correlated MRC.

For 2Tx architecture using the same carrier frequency, it is evident that the cross-band noise can be slightly increased due to the reverse IMD impact. However, it is not clear whether this can be also applied to harmonic or harmonic mixing scenarios. For simplicity we added 1 dB additional noise due to reverse IMD to interferer noise for harmonic and harmonic mixing scenarios as well as cross-band isolation case. 

Observation 3: It is not clear whether reverse IMD impact can be also applied to harmonic or harmonic mixing scenarios as well as cross-band isolation case.
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Figure 2. MSD difference between 2Tx PC2 MSD and 1Tx PC2 MSD


It is observed that the MSD difference shows a strong dependency of the interferer power imbalance as well as MSD for 1Tx PC3. As mentioned earlier both primary and secondary receiver of 2Tx PC2 see the same interferer power which is the composite of interferer power of primary and secondary receiver of 1Tx PC3. The larger interferer power imbalance means the interferer power of primary receiver of 1Tx PC3 is stronger than that of the smaller interferer power imbalance case for the same 1Tx PC3 MSD. Therefore, it is expected that the 2Tx PC2 MSD increases as the interferer power imbalance increases. 

Observation 4: The MSD difference shows a strong dependency of the interferer power imbalance as well as MSD for 1Tx PC3.


Simplified MSD calculation guidelines for PC2 FDD
In the WF [1], 7 types of MSD test points were considered as below.
 
· Type 1: Single carrier REFSENS (self-desensitization)
· Type 2: 1UL Intra-band MSD,
· Type 3: 2UL Intra-band MSD,
· Type 4: Inter-band CA UL harmonic MSD,
· Type 5: Inter-band CA Rx harmonic mixing MSD,
· Type 6: Inter-band CA MSD due to dual-UL IMD interference, including triple beat,
· Type 7: Inter-band CA MSD due to cross-band isolation interference.

For Type 1, RSD was introduced for self-desensitization for PC2 FDD for various FDD single bands so no need to provide the simplified MSD calculation guideline for PC2 FDD since MSD definition is for CA combination.

For Type 3, the increased interferer power is highly related to IMD order of 2UL so case by case study might be needed.

For Type 6, there are below cases for dual-IMD scenario with PC2 for FDD band and total PC2. 
1) PC2 FDD + PC3 FDD
2) PC2 FDD + PC3 TDD
The above combinations have not been introduced yet. Therefore Type 6 is not consideration point for Rel-19.

Observation 5: The MSD Type 1, Type 3 and Type 6 are not scope of this guidelines.

The interferer power imbalance
The interferer power imbalance between primary and secondary receiver is highly dependent on the RF front end architecture. But we can categorize two RF front end architecture for simplicity based on the most current UE architecture in market.

The first one is that the aggressor FDD UL band and the victim DL band shares one antenna and the aggressor UL and victim DL band is separated by duplexer or diplexer. So the interferer power imbalance is essential.
The UL (Band A) and DL (Band B) should be the same band group or the adjacent band group.
Below cases are examples.
1) 1UL intra-band
2) LB(MB/HB) A for aggressor UL and LB(MB/HB) B for victim DL
3) LB(MB/HB) A for aggressor UL and MB/HB(LB) B for victim DL
4) MB/HB(VHB/UHB) A for aggressor UL and VHB/UHB(MB/HB) B for victim DL
[bookmark: _Hlk166240500]where LB : 0.6~1GHz, MB/HB : 1.4~2.6GHz, VHB/UHB : 3.3GHz~.

The second one is the aggressor FDD UL band is LB and the victim DL band is VHB/UHB. In that case it is reasonable to assume that LB and VHB/UHB antennas are separated and 0dB interferer power imbalance is expected.

Observation 6: The case where the aggressor FDD UL band is LB and the victim DL band is VHB/UHB uses separate antenna architecture and 0dB interferer power imbalance is expected.

In order to estimate the interferer power imbalance for the above first case, below equations can be considered.

Pint,primary_Rx = Pint,primary_Tx  - Isolation of duplexer/diplexer + External FE loss
Pint,secondary_Rx = Pint,primary_Tx - Attenuation of duplexer/diplexer - External FE loss – Antenna isolation (10dB)

If we assume that Isolation and attenuation of duplexer/diplexer is almost same and 1dB of External FE loss, we can obtain below power imbalance value. 

Power imbalance = Pint,primary_Rx - Pint,secondary_Rx = 2*External FE loss + 10 = 2 + 10 = 12 dB.

Therefore, [12]dB of interferer power imbalance can be used for simplified MSD calculations except LB + VHB/UHB combination.

Observation 7: [12]dB of interferer power imbalance can be used for simplified MSD calculations except LB + VHB/UHB combination.

The simplified MSD calculation guidelines for 1Tx PC2 FDD and 2Tx PC2 FDD
We present 4 MSD classes as below.

1) MSD class I : 1Tx PC3 MSD is specified and MSD value is >= [10]dB
2) MSD class II : 1Tx PC3 MSD is specified and [5]<=MSD value<[10]dB
3) MSD class III : 1Tx PC3 MSD is specified and [3]<=MSD value<[5]dB
4) MSD class IV : 1Tx PC3 MSD is not specified or its value is <[3]dB

For LB + VHB/UHB CA combination, 0dB power imbalance can be assumed and we propose below simplified guidelines according to Figure 1 and Figure 2 analysis result.

















Proposal 1: Use below guidelines for LB PC2 FDD + VHB/UHB CA combo
· Case 1 for LB + VHB/UHB CA combo: 
1Tx PC3 MSD is specified and MSD value is >= [10]dB. then MSD class I could be:
· 1Tx PC2 MSD = 1Tx PC3 MSD + [3]dB
· 2Tx PC2 MSD = 1Tx PC2 MSD + [1]dB

· Case 2 for LB + VHB/UHB CA combo: 
1Tx PC3 MSD is specified and [5]<= MSD value< [10]dB, then MSD class II could be:
· 1Tx PC2 MSD = 1Tx PC3 MSD + [2.7]dB
· 2Tx PC2 MSD = 1Tx PC2 MSD + [1]dB

· Case 3 for LB + VHB/UHB CA combo: 
1Tx PC3 MSD is specified and [3]<= MSD value< [5]dB, then MSD class III could be:
· 1Tx PC2 MSD = 1Tx PC3 MSD + [2.2]dB
· 2Tx PC2 MSD = 1Tx PC2 MSD + [0.8]dB

· Case 4 for LB + VHB/UHB CA combo: 
1Tx PC3 MSD is not specified or its value is <[3]dB, then MSD class IV could be:
· Companies are invited to provide guidelines on how to
·  1) evaluate or re-evaluate the baseline 1Tx PC3 interference levels,
·  2) evaluate the 1Tx PC2 MSD and,
·  3) evaluate the 2Tx PC2 MSD .


For other CA combinations or intra-band CA, [12]dB power imbalance can be assumed and we propose below simplified guidelines according to Figure 1 and Figure 2 analysis result.

Proposal 2: Use below guidelines for other CA combo
· Case 1 for other CA combo: 
1Tx PC3 MSD is specified and MSD value is >= [10]dB. then MSD class I could be:
· 1Tx PC2 MSD = 1Tx PC3 MSD + [3]dB
· 2Tx PC2 MSD = 1Tx PC2 MSD + [8.9]dB

· Case 2 for other CA combo: 
1Tx PC3 MSD is specified and [5]<= MSD value< [10]dB, then MSD class II could be:
· 1Tx PC2 MSD = 1Tx PC3 MSD + [2.5]dB
· 2Tx PC2 MSD = 1Tx PC2 MSD + [8.2]dB

· Case 3 for other CA combo: 
1Tx PC3 MSD is specified and [3]<= MSD value< [5]dB, then MSD class III could be:
· 1Tx PC2 MSD = 1Tx PC3 MSD + [1.4]dB
· 2Tx PC2 MSD = 1Tx PC2 MSD + [6]dB

· Case 4 for other CA combo: 
1Tx PC3 MSD is not specified or its value is <[3]dB, then MSD class IV could be::
· Companies are invited to provide guidelines on how to
·  1) evaluate or re-evaluate the baseline 1Tx PC3 interference levels,
·  2) evaluate the 1Tx PC2 MSD and,
·  3) evaluate the 2Tx PC2 MSD .

Conclusion
In this contribution, we analyzed MSD for 1Tx PC2 and 2Tx PC2 by using the existing 1Tx PC3 MSD according to the interferer power imbalance level. With this analysis result, we make the following proposals.

Observation 1: If the interferer power imbalance is increased, the MSD delta between 1Tx PC2 and 1Tx PC3 is getting smaller especially for lower 1Tx PC3 MSD such as 3dB and 5dB.

Observation 2: If the interferer power imbalance is increased, the MSD delta between 1Tx PC2 and 1Tx PC3 is almost same especially for larger 1Tx PC3 MSD such as >10dB.

Observation 3: It is not clear whether reverse IMD impact can be also applied to harmonic or harmonic mixing scenarios as well as cross-band isolation case.

Observation 4: The MSD difference shows a strong dependency of the interferer power imbalance as well as MSD for 1Tx PC3.

Observation 5: The MSD Type 1, Type 3 and Type 5 are not scope of this guidelines.

Observation 6: The case where the aggressor FDD UL band is LB and the victim DL band is VHB/UHB uses separate antenna architecture and 0dB interferer power imbalance is expected.

Observation 7: [12]dB of interferer power imbalance can be used for simplified MSD calculations except LB + VHB/UHB combination.

Proposal 1: Use below guidelines for LB PC2 FDD + VHB/UHB CA combo
· Case 1 for LB + VHB/UHB CA combo: 
1Tx PC3 MSD is specified and MSD value is >= [10]dB. then MSD class I could be:
· 1Tx PC2 MSD = 1Tx PC3 MSD + [3]dB
· 2Tx PC2 MSD = 1Tx PC2 MSD + [1]dB

· Case 2 for LB + VHB/UHB CA combo: 
1Tx PC3 MSD is specified and [5]<= MSD value< [10]dB, then MSD class II could be:
· 1Tx PC2 MSD = 1Tx PC3 MSD + [2.7]dB
· 2Tx PC2 MSD = 1Tx PC2 MSD + [1]dB

· Case 3 for LB + VHB/UHB CA combo: 
1Tx PC3 MSD is specified and [3]<= MSD value< [5]dB, then MSD class III could be:
· 1Tx PC2 MSD = 1Tx PC3 MSD + [2.2]dB
· 2Tx PC2 MSD = 1Tx PC2 MSD + [0.8]dB

· Case 4 for LB + VHB/UHB CA combo: 
1Tx PC3 MSD is not specified or its value is <[3]dB, then MSD class IV could be:
· Companies are invited to provide guidelines on how to
·  1) evaluate or re-evaluate the baseline 1Tx PC3 interference levels,
·  2) evaluate the 1Tx PC2 MSD and,
·  3) evaluate the 2Tx PC2 MSD .





· Case 1 for other CA combo: 
1Tx PC3 MSD is specified and MSD value is >= [10]dB. then MSD class I could be:
· 1Tx PC2 MSD = 1Tx PC3 MSD + [3]dB
· 2Tx PC2 MSD = 1Tx PC2 MSD + [8.9]dB

· Case 2 for other CA combo: 
1Tx PC3 MSD is specified and [5]<= MSD value< [10]dB, then MSD class II could be:
· 1Tx PC2 MSD = 1Tx PC3 MSD + [2.5]dB
· 2Tx PC2 MSD = 1Tx PC2 MSD + [8.2]dB

· Case 3 for other CA combo: 
1Tx PC3 MSD is specified and [3]<= MSD value< [5]dB, then MSD class III could be:
· 1Tx PC2 MSD = 1Tx PC3 MSD + [1.4]dB
· 2Tx PC2 MSD = 1Tx PC2 MSD + [6]dB

· Case 4 for other CA combo: 
1Tx PC3 MSD is not specified or its value is <[3]dB, then MSD class IV could be::
· Companies are invited to provide guidelines on how to
·  1) evaluate or re-evaluate the baseline 1Tx PC3 interference levels,
·  2) evaluate the 1Tx PC2 MSD and,
·  3) evaluate the 2Tx PC2 MSD .
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