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1. Introduction
In this document, we study the objectives of the WF [1] for BCS4 MSD. 3 aspects are covered in the WF: Harmonic interference, cross band isolation, and CIM interference. We discuss each one of those aspects in this document.
2. Discussion
2.1. Harmonic interference
WF on harmonic interference is shown below:


[image: image7.png]* It's proposed to choose one test configuration for MSD due to
harmonic interference. And the principles are shown below.
* #1 The minimum CBW should be chosen for DL victim band
* #2 The victim's RX CBW entirely overlaps the aggressor's UL harmonic

* #3 To specify the aggressor’s UL RB allocation so that the UL harmonic is
entirely contained within the victim’s smallest Rx CBW

* #4 For the case of partial overlap or near miss cases, its is necessary to ensure
UL and DL carrier frequencies are specified.

* RAN4 can further study how to specifically improve the MSD test table
due to harmonic interference in next meeting.

* Other solutions are not precluded.




It is not straightforward to assume that MSD at lower channel BWs is enough information to determine MSD for higher BWs. 
One value of MSD can be obtained 2 ways. 


a. Equal interference on each RX port. PCB interference path dominates


b. Unequal interference on each RX port. Conductive interference path dominates

Case a. will have lower interference on the RX port than Case b since Case b. takes advantage of diversity gain. So, as the BW increases, the MSD for Case1b will be larger than the MSD for Case a. If the MSD Vs BW must be simplified, it must account for the worst case upper bound delivered by Case b.
The problem is illustrated in Figure 2.1-1, where the minimum DL BW has the same MSD for cases a. and b. As the DL BW increases, the MSD for the unequal interference across both ports is higher and must be accounted for. The equation-based MSD for harmonics results in the orange curve.
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Figure 2.1-1: Harmonic MSD Vs DL BW Vs PRx/Drx Interence level

It is FFS to see whether a closed form solution to determine the MSD for higher BWs assuming a standard 10dB antenna isolation difference for example.

Proposal 1: Further investigate equation-based MSD for harmonic interference to accommodate unequal interference levels on the 2 RX ports.
2.2. Cross band isolation
For cross band noise MSD, 2 case study examples are considered where CIM interference was specified such as CA_n1-n40 and CA_n1-n3. ULBWs are chosen so that TX ACLR1 and TX ACLR2 are in the victim RF band, and the DL BW is chosen so that it overlaps with TX ACLR1 and TX ACLR2. The WF snapshot is shown below:

[image: image3]
The BCS4 MSD can be determined from the worst-case condition when the TX general emission requirements are just met, such as TXACLR1 = -30dBc. The emission at the appropriate offset frequency can then be determined at the minimum DL BW. The emission will vary depending on the frequency offset within TX ACLR1 and TX ACLR2, especially when the UL BW is relatively wide compared to the DL BW.

Preliminary measurements shown below for the TX noise integrated over the DL BW is shown for Case 1 and Case 2 relative to the default uplink configuration of case 3. Both Case 1 and Case 2 can result in very high MSD depending on the type of filter chosen.

[image: image4.emf]TX dB Delta Increase

from default UL Cfg

Case  Fc, MHz Em, MHz Combo UL BW, MHz UL cfg Wave PA Bias DL BW = 5M Filter Rej, dB

1945 1877.5 n1->n3 50 FullRB CP-OFDM ET 25.3 45 21.9

1945 1877.5 n1->n3 50 FullRB CP-OFDM APT 23.2 45 19.8

1945 1877.5 n1->n3 50 FullRB DFT-s ET 28.4 45 25

1945 1877.5 n1->n3 50 FullRB DFT-s APT 28.3 45 24.9

22.9

1945 1807.5 n1->n3 50 FullRB CP-OFDM ET 19.9 45 16.6

1945 1807.5 n1->n3 50 FullRB CP-OFDM APT 14.8 45 11.8

1945 1807.5 n1->n3 50 FullRB DFT-s ET 21.6 45 18.2

1945 1807.5 n1->n3 50 FullRB DFT-s APT 20.5 45 17.2

16.0

2350 2167.5 n40->n1 100 FullRB CP-OFDM ET 22.1 27 29.7

2350 2167.5 n40->n1 100 FullRB CP-OFDM APT 20.3 27 27.9

2350 2167.5 n40->n1 100 FullRB DFT-s ET 25.0 27 32.6

2350 2167.5 n40->n1 100 FullRB DFT-s APT 22.9 27 30.5

30.2

2350 2112.5 n40->n1 100 FullRB CP-OFDM ET 17.1 27 24.6

2350 2112.5 n40->n1 100 FullRB CP-OFDM APT 9.6 27 17.2

2350 2112.5 n40->n1 100 FullRB DFT-s ET 16.0 27 23.6

2350 2112.5 n40->n1 100 FullRB DFT-s APT 10.2 27 17.8

20.8

*MSD may increase due to RX non-linearity and high TX noise levels due to unlimited UL configuration
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From the results, we make the following observations:
Observation 1: Full uplink RB configuration will result in higher MSD than the counter IM MSD with restricted uplink configuration

 Observation 2: Case 1 MSD can be higher or lower than Case 2 MSD due to filter rejection variation between band combinations

Observation 3: MSD will vary as a function of frequency offset and is not constant when DL bandwidth over the region of TX ACLR1 and TX ACLR2.

It is important to note that the MSD is due to TX noise only. At such high TX noise levels, increase in noise at the RX can result due to RX non-linearity, so the results presented in the above table are preliminary.

2.3. CIM interference

As shown in section 2.2, the derived MSD for when the DL BW overlaps TX ACLR1 or TX ACLR2 can be significantly higher than the MSD due to CIM with the same BW with restricted UL configuration.
Proposal 2: Specify MSD due to full RB allocation in the next meeting and remove MSD due to CIM interference.
3. Conclusion

Proposal 1: Further investigate equation-based MSD for harmonic interference to accommodate unequal interference levels on the 2 RX ports.
Observation 1: Full uplink RB configuration will result in higher MSD than the counter IM MSD with restricted uplink configuration

 Observation 2: Case 1 MSD can be higher or lower than Case 2 MSD due to filter rejection variation between band combinations

Observation 3: MSD will vary as a function of frequency offset and is not constant when DL bandwidth over the region of TX ACLR1 and TX ACLR2.

Proposal 2: Specify MSD due to full RB allocation in the next meeting and remove MSD due to CIM interference.
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4. Preliminary Measurements
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[image: image1][image: image6.png]* There are three cases to be considered for different UL Tx bandwidths, DL Rx
bandwidths and frequency gap between UL and DL carrier frequencies
* Case 1: Tx ACLR1 is overlapping with the Rx DL channel.
* Case 2: Tx ACLR2 is overlapping with the Rx DL channel without Tx ACLR1 overlapping.

* Case 3: Others: the Rx CBW is neither victim of the aggressor’s Tx ACLR1 nor of the Tx
ACLR2.

* For case 3, MSD test configuration can be specified as following principle.

The UL and DL carrier frequencies should be configured to minimize the gap separating the DL victim
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