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1	Background 
· With the introduction of PC2 for several FDD bands, many inter-band CA MSD may need to be updated to account for FDD band higher power class. We consider 7 types of MSD test points:
· 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.

· At meeting #110, several TPs for TR have been proposed to evaluate MSD due to single-Tx (1Tx) PC2 or dual-TX (2Tx) PC2 in FDD bands. Many of these TPs were flagged. To remedy these issues, WF [1] invited companies to provide guidelines on evaluating PC2 FDD MSD.
  
· At this meeting, a first set of guidelines were provided for type 1,2 in [2], type 4 in [3] and type 5 in [4].:

· At next meeting, it is expected that additional guidelines will be submitted for types 3,6,7.

· The key step to evaluating 1Tx or 2Tx PC2 MSD is first to evaluate or re-evaluate the baseline single-TX (1Tx) PC3 interference levels. Two methods may be considered to achieve that first step:

· A 1st method may consist in either simulating, calculating, or measuring the interference level using the following RAN4 usual RF-FE and power class 3 PA linearity assumptions:
· RF-FE post PA insertion loss (IL): 4dB,
· Primary antenna to diversity antenna port isolation: 10dB,
· PC3 PA linearity calibration point is 20 MHz, 15 kHz, QPSK, DFT-S-OFDM, and 100 RB at the lower channel edge, with 1 dB MPR to meet -30dBc ACLR.

This 1st method is needed when there is no agreed 1Tx PC3 MSD test point. 

· In case a 1Tx PC3 MSD level is already specified, a 2nd method may consist in reverse engineering the interference assuming a power imbalance between the primary and the diversity antenna. We note however that for the example of CA_n3_n78 UL2/DL1 MSD, the interference power imbalance may differ very significantly between proponents. For example, in [6] it can be retrieved from each contribution that the power imbalance used for band n78 PC2 MSD calculation ranges from 2.4dB up to 16dB.

· In this context, providing detailed calculation steps like done in [2] and at the same time providing guidelines to accommodate different RF-FE assumptions may:

· increase complexity of guidelines and cause more confusion,
· not avoid having to review each MSD analysis.

· To address these concerns, and rather than providing detailed calculation guidelines, this WF invites companies to evaluate if a set of high level criteria could be proposed to avoid having to recalculate the baseline 1Tx PC3 interference levels for all 1Tx/2Tx MSDs. 
2 Way forward on simplifying MSD analyses for PC2 FDD
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.
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4 Annex: Evaluating PC2 FDD in case the 1Tx PC3 MSD is not specified, or value is very small [2,5].
5.1	On single-Tx PC2 MSD evaluation for FDD band single-carrier and intra-band CA.
Step 1: Two methods may be considered to evaluate the baseline PC3 single-Tx interference level referred to the primary and diversity antenna port “Pint_1Tx_PC3_primary” and “Pint_1Tx_PC3_diversity” :.
· Method 1: Method 1 is required for cases when the 1Tx PC3 MSD is not specified. It may also be used to re-establish the single-Tx PC3 baseline interference levels.
Calculate or simulate or measure the interference levels “Pint_1Tx_PC3_primary” and “Pint_1Tx_PC3_diversity” based on duplexer Tx-Rx and duplexer Tx-Primary antenna isolation in DL band and usual RAN4 assumptions:
· RF-FE post PA insertion loss (IL): 4dB
· Primary antenna to diversity antenna port isolation: 10dB
· PC3 PA linearity calibration point is 20 MHz, 15 kHz, QPSK, DFT-S-OFDM, and 100 RB at the lower channel edge, with 1 dB MPR to meet -30dBc ACLR.

· Method 2: Reverse engineer “Pint_1Tx_PC3_primary” and “Pint_1Tx_PC3_diversity” based on the agreed PC3 REFSENS test point assuming [5 to 9] dB power imbalance between the primary antenna port and diversity antenna port.
Step 2: 1Tx PC2 interference noise levels may be assumed 2.9dB greater than 1Tx PC3 noise levels found in Step 1, i.e.:
· Pint_1Tx_PC2_primary = Pint_1Tx_PC3_primary 2.9dB,
· Pint_1Tx_PC2_diversity = Pint_1Tx_PC3_diversity 2.9dB.

Step 3: Evaluate MSD using MRC combining equations. For worst-case MSD it is recommended to assume correlated noise sources. It is not precluded at this stage to calculate the MRC combined MSD assuming un-correlated noise sources.

Example applied to CA_n71B BCS4/5 SCC 1UL MSD [5]
Step 1: Method 1 is used since no MSD was previously specified for 1Tx PC3. The measured interference noise level referred to PA output port is -49.5dBm. Assuming 55dB duplexer Tx-Rx isolation and 50dB Tx-primary-antenna isolation:
· Pint_1Tx_PC3_primary = -49.5 – 55 + 4 = -100.5dBm
· Pint_1Tx_PC3_diversity = -49.5 – 50 - 10 = -109.5dBm

Step 2: 
· Pint_1Tx_PC2_primary = -97.5dBm
· Pint_1Tx_PC3_diversity = -106.5dBm

Step 3: The single-Tx PC2 MSD is evaluated at 1.2dB for correlated MRC, and 0.7dB for uncorrelated MRC.
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Note that 3dB higher interference level does not result in 3dB higher MSD in this case.
5.2	On dual-Tx PC2 MSD evaluation for FDD band single-carrier and intra-band CA.
Step 1: Evaluate “Pint_1Tx_PC3_primary” and “Pint_1Tx_PC3_diversity” based on proposal 1 step 1 methodology.

Step 2: Evaluate the 2Tx interference noise level for each antenna port assuming 0.6dB contribution due to reverse IMD:
· Pint_2Tx_PC2_primary = Pint_2Tx_PC2_diversity =  [Pint_1Tx_PC3_primary +0.6dB] + [Pint_1Tx_PC3_diversity +0.6dB]

Step 3: Evaluate MSD using MRC combining equations. For worst-case MSD it is recommended to assume correlated noise sources. It is not precluded at this stage to calculate the MRC combined MSD assuming un-correlated noise sources.

Example applied to CA_n71B BCS4/5 SCC 1UL MSD [5]
Step 1: The interference noise levels are re-used from proposal 1 step1.
· Pint_1Tx_PC3_primary = -49.5 – 55 + 4 = -100.5dBm
· Pint_1Tx_PC3_diversity = -49.5 – 50 - 10 = -109.5dBm

Step 2: Pint_2Tx_PC2_primary = Pint_2Tx_PC2_diversity =  [Pint_1Tx_PC3_primary +0.6dB] + [Pint_1Tx_PC3_diversity +0.6dB] = -99.4dBm

Step 3: The dual-Tx PC2 MSD is evaluated at 1.7dB for correlated MRC, and 0.9dB for uncorrelated MRC.
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