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1	Introduction 
This contribution is a follow up of WF [1] regarding the UL configuration parameters “RBstart” and “Lcrb.” We also discuss the need to cross-align the EN-DC harmonic MSD test points with their NR-CA counterparts.
2 Discussion
At the last meeting, a certain number of necessary corrections to the NR-CA uplink (UL) harmonic MSD test points were agreed in WF [1]. Key agreements are:
· No need to specify a near-miss MSD test point when a direct-collision occurs; and
· The second, so called “optional” MSD test point should be specified using the same UL Configuration as the first, also known as the “mandatory” MSD test point. 
Change Requests (CRs) are presented at this meeting to apply these corrections. While drafting these CRs it was found that several further improvements are required regarding UL configuration parameters “RBstart” and Lcrb, both for NR-CA UL harmonic and Rx harmonic mixing test points, and that these improvements would also be useful for the EN-DC test points.
2.1 On “RBstart”
Figure 1 shows the first few NR-CA PC3 UL harmonic MSD test points of Release 18. It can be seen that for all test points, RBstart=0 is specified. This is true for all power classes and for all Rx harmonic MSD test points. It is also true for all EN-DC harmonic MSD test points.
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[bookmark: _Ref166452103]Figure 1: First few PC3 MSD UL harmonic MSD test points in Release 18.

Observation 1: All UL harmonic and Rx harmonic MSD test point for all NR-CA power classes are specified using RBstart=0. This observation is also true for all EN-DC harmonic MSD test points.

Figure 2 compares the harmonic 2 “UL2” power spectral density of two DFT-s-OFDM QPSK SCS15kHz 5MHz CBW non-fully allocated waveforms modulated at 680MHz (left) and their UL2 (harmonic 2) spectrum expected centered at 1360MHz (right):
· Lcrb=8(RBstart=0) in orange, 
· Lcrb=8(RBstart=8) in blue.
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[bookmark: _Ref166452284]Figure 2: Impact of asymmetric UL RB allocations on the 2nd harmonic. Orange Lcrb=8(RBstart=0), Blue Lcrb=8(RBstart=8), UL2 spectrum at 1360MHz (2nd harmonic of modulated carrier) is plotted in graph on right.

We observe that within the 4.515MHz band power marker measurement bandwith (MBW) plotted with vertical dashed lines, the 2nd harmonic of the asymmetric UL waveform Lcrb=8(RBstart=0) is no longer centered at the expected carrier frequency. At least half of the harmonic energy is lost if the test point was expecting a direct-hit collision.

Observation 2: While RBstart=0 may help for fully allocated UL configurations, it is difficult to understand the rationale of specifying RBstart=0 when the UL band is not fully allocated. For example, Lcrb = 8(RBstart=0) in a 5MHz UL CBW. For such cases, the UL harmonic affecting the DL band is asymmetric and it is not certain if the entire harmonic power spectral density that overlaps the DL band has been carefully accounted for in the MSD analysis. Such asymmetry in the harmonic spectrum is not desirable since the harmonic power spectral density is further spread due to the RB image. RBstart=0 does not seem to serve any particular goal.

Observation 3: One may consider two improvements regarding RBstart:
· Option 1: For non-fully allocated UL waveforms,the RBstart could be used to center the UL RB in the center of the UL Channel, thereby also condensing the UL harmonic power spectral density. All test points would need to be revisited.

· Option 2: Since the RBstart does not seem to serve any particular goal, consider removing RBstart from the UL harmonic MSD tables and add a core requirement text that explains to RAN5 that RAN4 assumes the UL RB allocations are centered on the UL channel carrier frequency.
Removing RBstart – Option 2- from all tables has several benefits:
· Reduces the chances of erroneous harmonic collision conditions by removing the asymmetrical harmonic PSD for non-fully allocated UL waveforms;
· Gives more flexibility to RAN5 to configure the UL/DL carrier frequencies to best ensure the specified type of harmonic interference (direct-hit vs near-miss);
· Simplifies the writing of text proposals (TP) for TRs; and
· Simplifies the NR-CA and EN-DC MSD tables.
Our preference is Option 2.

Proposal 1: Consider removing the RBstart from all UL harmonic and Rx harmonic mixing MSD tables. It is proposed to add a sentence in the core requirements to clarify to RAN5 that the RAN4 harmonic MSD requirements assume the UL RBs are centered on the UL channel carrier frequency.

2.2 On RB Allocation “Lcrb”
Figure 3 compares the specified UL RB allocation for UL5/DL1 PC3 MSD test points. While WF [1] removes the discrepancy between the first MSD test point and the second band combination (say CA_n5-n77), it does not address the discrepancy across band combinations for an identical 5MHz UL CBW. For example, some MSDs are specified with 10RBs, while others are specified with 16RB and even one combination with 25RBs.
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[bookmark: _Ref166453210]Figure 3: Release 18 PC3 UL5/DL1 MSD test points UL RB allocations.

Observation 4: The specified RB allocation Lcrb is inconsistent from band combinations to band combinations. The choice of Lcrb does not seem to follow any logic or guidelines. In the Rx harmonic clean-up CRs presented this week, the concept of scaling Lcrb with the UL harmonic order is implemented.

Figure 4 illustrates the benefits of scaling the UL RB allocation with the harmonic order: it is possible to ensure the harmonic BW remains near identical up to harmonic 5 by scaling Lcrb with the harmonic order. The measurement reported in orange correspond to RBstart=0, those in blue are for UL RBs centered onto the UL channel carrier frequency. The vertical dashed bars indicate a 4.515 MHz MBW, showing that the it is possible to ensure that the harmonic is nearly always entirely overlapped even for the smallest DL CBW of 5MHz.
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[bookmark: _Ref166453442]Figure 4: Benefits of scaling Lcrb with harmonic order based on measurement data: from left to right, top to bottom: UL2 (H2) Lcrb=12RBs, H3 Lcrb=8RBs, H4 Lcrb=6, H5 Lcrb=5RBs. Vertical bars = 4.515MHz MBW. All waveforms are DFT-s-OFDM QPSK SCS15kHz 5MHz CBW modulated at Fc=680MHz.

Observation 5: Scaling Lcrb with the harmonic order has several benefits including:
· Introducing a clear and consistent set of rules for all band combinations;
· Potentially ensuring that the harmonic BW is always fully overlapped by the smallest DL CBW, hence maximizing the harmonic interference level that affects the DL band.
Based on Observation 5, we propose the following Lcrb scaling rule.

Proposal 2: For UL harmonic MSD test points, consider adopting the following RB allocation configurations:
· Lcrb=12RB for UL2/DLx;
· Lcrb=8RB for UL3/DLx;
· Lcrb=6RB for UL4/DLx;
· Lcrb=5RB for UL5/DLx.

2.3 Necessity to cross-align NR-CA and EN-DC MSD test points.
In Figure 5, we compare the UL3/DL1 MSD test points agreed for NR CA_n25-n71 and for DC_71_n25 and observe discrepancies on the MSD level and UL RB allocations:
· MSD discrepancy: 10dB for Band n25 vs 4.6dB for Band 25; and
· UL RB allocation discrepancy: 8(RBstart=0) for band n71 and 25(RBstart=0) for band 71.
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[bookmark: _Ref166451607]Figure 5: Release 18 UL3/DL1 MSD test point for CA_n25-n71 and the EN-DC counterpart DC_71_n25.

Observation 6: For the same pair of constituent bands, there are important discrepancies in UL Lcrb and MSD levels between the NR-CA MSD test point and its EN-DC counterpart.

Proposal 3: Interested companies are invited to cross-align the EN-DC UL and Rx mixing harmonic MSD test points with their NR-CA counterparts.
3 Conclusion
In this contribution we propose to further clean-up, simplify, and correct inconsistencies with three proposals.

Proposal 1: Consider removing the RBstart from all UL harmonic and Rx harmonic mixing MSD tables. It is proposed to add a sentence in the core requirements to clarify to RAN5 that the RAN4 harmonic MSD requirements assume the UL RBs are centered on the UL channel carrier frequency.

Proposal 2: For UL harmonic MSD test points, consider adopting the following RB allocation configurations:
· Lcrb=12RB for UL2/DLx;
· Lcrb=8RB for UL3/DLx;
· Lcrb=6RB for UL4/DLx;
· Lcrb=5RB for UL5/DLx.
Proposal 3: Interested companies are invited to cross-align the EN-DC UL and Rx mixing harmonic MSD test points with their NR-CA counterparts.
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