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1	Background
[bookmark: _Hlk149936446]In RAN4#110b, A contribution [1] discussed the chosen test points for inter-band MSD due to the IMDs of an intra-band CA UL in terms of network/scheduler validity. It resulted in the way forward [2]. In this contribution, while we recognize that the MSD test may not be representative of a typical ULCA configuration in the network, we provide justification for the choice of the worst case 1RB+1RB configuration for TDD bands. It should be noted that for FDD, the RB allocation is related to the REFSENS allocation of a similar UL bandwidth.
2 Discussion
2.1 Way forward
As a follow up from the discussion in [1], the way forward [2] proposed a few options copied here for the handling of the MSD test points for inter-band DL CA with UL configurations including contiguous intra-band ULCA.

Proposal 1: Companies are encouraged to consider the following options for handling the MSD requirements resulting from intra-band contiguous UL CA configured with non-contiguous allocations:   
Option 1: No change from TR 38.862 guidelines 
Option 2: Do not consider all MSD requirements resulting from intra-band contiguous UL CA configured with non-contiguous allocations.
Option 3: Do not consider only the MSD requirements resulting from intra-band contiguous UL CA configured with 1RB+1RB allocations.
Proposal 2: If Option 2 or Option 3 in Proposal 1 would be considered, which release to start taking effect?   
Option 1: From earliest release where such MSD requirements have been specified. 
Option 2: Rel-18
Option 3: Rel-19
Proposal 3: Is there a need to introduce cross-band MSD requirements resulting from intra-band contiguous UL CA configured with fully allocated maximum aggregated BW?   
Option 1: Yes 
Option 2: No

First, we would like to clarify that the current specification framework was established in Release 17 for intra-band ULCA for a TDD band and in the late part of Release 18 for the intra-band ULCA for FDD bands. The two frameworks differ in the following aspects:
· For intra-band contiguous or non-contiguous ULCA in a TDD band as an UL configuration for an intra-band DLCA case, it is assumed that the UE is allowed to apply MPR to meet emissions and a non-contiguous 1RB+1RB allocation is used in the MSD test point.
· For intra-band contiguous or non-contiguous ULCA in a FDD band as an UL configuration for an intra-band DLCA case, it is assumed that the UE is at PCmax and a non-contiguous RB allocation with a total number of RBs equal to the equivalent BW REFSENS UL configuration is used and shared with equal PSD amongst the two carriers.

The above is very important as:
· For the TDD case, when applying MPR, a IMD decay > 10dB per order is assumed and thus only up to IMD7 or 9 is to be considered as an MSD interference source. When in a two UL band case, only first order triple beats (IMD3) are considered.
· For the FDD case, at PCmax, the decay is moderate and thus up to IMD order [13] is considered. Note that at this point there is no study on a triple beat case with 2DL/2UL FDD bands.

Based on the above understanding, we assume that the way forward scope if for intra-band ULCA in a TDD band only.

Proposal 1: If RB allocation (1RB+1RB) is re-considered for intra-band ULCA within an inter-band DL CA, it should be for intra-band TDD ULCA only.

If we do understand that 1RB+1RB allocation is not representative of an efficient of intra-band ULCA, in this contribution we study the different cases to show that 1RB+1RB allocation together with applied MPR assumption is a practical approach to derive an MSD test point which is representative of MSD issues that are also present when larger non-contiguous or contiguous allocations are scheduled.
2.2 Measurements method
In order to provide an understanding of the practical choice of a 2CC UL allocation that allows easy derivation of the MSD and the IMD orders to be considered, we performed a number of measurements of two 80MHz contiguous CC at 3.5GHz (the frequency and 180MHz aggregated BW are chosen based on availability of a 200MHz notch filter at 3.5GHz to enable the measurement of IMD spectrums with very large dynamic range). The following allocation parameters are used for the measurement:
· A single PC3 PA to is used transmit both CCs.
· Assuming 4dB post PA losses
· Calibrated at 1dB MPR for 30dB ACLR using a 20MHz DFT-s-OFDM 100RB0 waveform.
· The following 30kHz SCS RB allocations per 80MHz CCs are measured:
· 1RB0 + 1RB215
· 12RB0 + 12RB204
· 100RB0+100RB116
· 216RB0+216RB0 (full+Full)
· Note that the 3 first allocations are also representative of a non-contiguous ULCA of 40MHz+40MHz CCs with an 80MHz gap
· Note that these 160MHz aggregated BW allocations are representative of a n41C configuration in China (although measured at 3.5GHz as this was the only notch filter available with enough rejection and BW).
· The measurements were performed at 0, 3, 7 and 12dB back off that correspond to the MPR values for different contiguous and non-contiguous allocations for contiguous ULCA or non-contiguous ULCA
· The spectrum is measured over a very large bandwidth of 2 GHz to 8GHz with a 300kHz resolution bandwidth while using 3 different filters for different ranges with their frequency response in Figure 1:
· A low pass filter for measurement below 2.5GHz (blue trace)
· A band stop filter which notches (>70dB rejection over 200MHz) the two carriers for 2.5-4.5GHz (red trace)
· A high pass filter for above 4.5GHz (green trace)

[image: ]
Figure 1: frequency response of the three filters used to measure the wideband spectrum of the two CCs IMDs.
It should be noted that the first the band stop filter being 200MHz wide also rejects outside the 160MHz aggregated bandwidth. Thus, ACLR and SEM Measurements within the first 100MHz outside the carriers cannot be trusted even if the filter losses are compensated as the very high rejection results in noise once compensated for. Consequently, the SEM and ACLR measurements in this region should be taken with care especially for the full+full case that has significant emission in that range. The other cases having their spectrum outside this 100mHz OOB range is accurate in terms of level.

2.3 Measurements results across MPRs
Figure 2a, 2b, 2c and 2d, provides the reconstructed wideband behavior of the IMDs based on the 3 measurements with the 3 different filters for:
· 0dB MPR (2a MPR0), 3dB MPR (2b MPR3), 7dB MPR (2c MPR7) and 12dB MPR (2d MPR12)
· 1RB0+1RB215 (1+1 dark blue curve), 12RB0+12RB204 (12+12 green curve), 100RB0+100RB116 (100+100 light blue curve) and 216RB0+216RB0 (216+216 pink curve)
· Additionally, there are curves for:
· Contiguous ULCA 160MHz aggregated BW SEM (black)
· Non-contiguous ULCA 40MHz + 40MHz with 80MHz gap 160MHz separation BW SEM (grey)
· Transmitter noise floor of -130dBm/Hz (red curve)
· All the curves and PSDs are in dBm/MHz
Note that all the figures used later use the same curve definitions.
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Figure 2a: Wideband PSD for all waveforms at 0dB MPR
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Figure 2b: Wideband PSD for all waveforms at 3dB MPR
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Figure 2c: Wideband PSD for all waveforms at 7dB MPR
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Figure 2d: Wideband PSD for narrow RB BW waveforms at 12dB MPR
Thanks to the good instrumentation filters that can reject the transmitted CCs by more than 60dB, the measurements have a large dynamic range and show a very large IMD range which reaches below the assumed transmitter noise floor (note that this is expected as the measurement does include the transceiver noise contribution and uses a filter at the PA input to remove the RF generator noise).
We will discuss all the graphs in details, but to ease the analysis, the IMDs that are considered for TDD ULCA MSD analysis and calculated ACLR from measurements are provided in Table 1. Note that the ACLR calculated value for the large and full allocation waveforms lacks accuracy but are optimistic because the notch filter affects the ACLR 1 range close to the carriers. The worst-case side IMD or ACLR is reported.
Table 1: ACLR, close to carrier IMDs (3, 5, 7, 9) and close to H2 IMDs (4,6)
	
	
	
	IMDs for TDD studies [dBm/MHz]

	Waveform
	MPR
	ACLR
[dB]
	IMD3
(2-1)
	IMD5
(3-2)
	IMD7
(4-3)
	IMD9
(5-4)
	IMD4
(3-1)
	IMD6
(4-2)

	216RB0
+
216RB0
	0
	19.2
	-17
	-34
	-43.3
	-51
	-53.9
	-58

	
	3
	29.9
	-25
	-47
	-55.2
	-62
	-57
	-64

	
	7
	>35
	-44
	-62
	-71
	<-75
	<-75
	<-75

	
	12
	>35
	-60
	-68
	-73
	<-75
	<-75
	<-75

	100RB0
+
100RB116
	0
	20.4
	-14.9
	-29.6
	-40.1
	-44
	-52.25
	-53

	
	3
	31.8
	-26.3
	-45.7
	-54.9
	-63.5
	-56
	-68

	
	7
	>35
	-42.9
	-60.8
	-70.3
	-73
	-71.3
	-74

	
	12
	>35
	-56.7
	-68
	-72
	-74
	<-75
	<-75

	12RB0
+
12RB202
	0
	22
	-5.7
	-18.7
	-31
	-38.9
	-42.5
	-43.9

	
	3
	32.3
	-17.2
	-36.5
	-44.5
	-54.9
	-45.6
	-57.9

	
	7
	>35
	-36.9
	-55.1
	-64.8
	<-75
	-62.5
	-72

	
	12
	>35
	-52.4
	-73
	<-75
	<-75
	<-75
	<-75

	1RB0
+
1RB215
	0
	20.1
	5.2
	-6.2
	-18.2
	-26.7
	-29.3
	-31.9

	
	3
	30.4
	-5.7
	-24.8
	-33.3
	-42.6
	-35.4
	-47.2

	
	7
	>35
	-24.5
	-41.5
	-54.1
	-63.8
	-51
	-71

	
	12
	>35
	-42.8
	-65.6
	<-75
	<-75
	<-75
	<-75



Let’s first apply a few criteria to analyze the results:
· The first criteria is meeting emissions (ACLR, SEM)
· The second criteria is meeting coexistence with other bands: if we assume a minimum of 30dB rejection in other bands, the interferer level needs to be <-20dBm/MHz to meet the -50dBm/MHz coexistence level
· Then the final criteria is which cases should be considered for MSD: 
· One approach is to compare it to the transmitter noise floor as this results in MSD being specified in some cross band, this is well suited for TDD bands and means that any IMD>70dBm/MHz should be considered
· The other approach is to assume at least a 45dB rejection in the victim band and considering a 5MHz CBW victim at -100dBm REFSENS, this would correspond to a -110+45=-65dBm/4.5MHz=-71.dBm/MHz
· Given these are very close, we can use the simple -70dBm/MHz limit.

Observations:
· At MPR0 which is the usual PA setting for MSD (MPR0 measurements are zoomed for IMDs close to transmitted carriers in Figure 3a and for IMDs close to H2 in Figure 3b):
· ACLR and contiguous/non-contiguous intra-band SEM is not met by any waveform.
· For the 1RB+1RB case (current allocation for TDD band ULCA IMD test point): 
· Only odd IMD orders >9 will meet coexistence with other bands. Even orders are OK. 
· All odd IMDs orders up to >21 would need to be considered for MSD for bands in the proximity of the carriers. All even IMDs orders up to >12 would need to be considered for MSD
· For a 12RB+12RB case (representative of FDD band ULCA IMD test point): 
· Only odd IMD orders >5 will meet coexistence with other bands. Even orders are OK.  
· All odd IMDs orders up to >21 would need to be considered for MSD for band at proximity of the carriers. All even IMDs orders up to >12 would need to be considered for MSD
· For 100RB+100RB case (representative of a fully allocated non-contiguous ULCA of 40+40MHz and 80MHz gap): 
· Only odd IMD orders >3 will meet coexistence with other bands. Even orders are OK.  
· All odd IMDs orders up to 15 would need to be considered for MSD for bands in the proximity of the carriers. Even IMDs orders up to 10 would need to be considered for MSD
· For 216RB+216RB case (representative of a fully allocated contiguous ULCA of 80+80MHz): 
· Coexistence with other bands is met from mid ACLR1 range. Even orders are OK.  
· All odd IMDs orders up to 13 would need to be considered for MSD for bands in the proximity of the carriers. All even IMDs orders up to 8 would need to be considered for MSD
· At MPR3 (note that zoomed MPR3 for 12RB+12RB are in Figure 4a and 4b for close to carrier and close to H2 IMDs respectively):
· ACLR is met by all waveforms but marginal for full+full.
· Contiguous intra-band SEM is met by all waveforms but 1RB+1RB
· Non-contiguous intra-band SEM is not met by any waveforms
· For 1RB+1RB case: 
· Only odd IMD orders >3 will meet coexistence with other bands. Even orders are OK. 
· All odd IMDs orders up to 19 would need to be considered for MSD for bands in the proximity of the carriers. All even IMDs orders up to 12 would need to be considered for MSD
· For 12RB+12RB case: 
· Only odd IMD orders >3 will meet coexistence with other bands. Even orders are OK.  
· All odd IMDs orders up to 13 would need to be considered for MSD for bands in the proximity of the carriers. All even IMDs orders up to 12 would need to be considered for MSD
· For 100RB+100RB case: 
· Coexistence with other bands is met
· All odd IMDs orders up to 9 would need to be considered for MSD for bands in the proximity of the carriers. All even IMDs orders up to 10 would need to be considered for MSD
· For 216RB+216RB case: 
· Coexistence with other bands is met
· All odd IMDs orders up to 7 would need to be considered for MSD for bands in the proximity of the carriers. All even IMDs orders up to 4 would need to be considered for MSD
· At MPR7 (note that zoomed MPR7 for 1RB+1RB are in Figure 4a and 4b for close to carrier and close to H2 IMDs respectively):
· ACLR is met with margin by all waveforms
· Contiguous intra-band SEM is met by all waveforms
· Non-contiguous intra-band SEM is not met by all waveforms but 1RB+1RB
· For 1RB+1RB case: 
· Coexistence with other bands is met
· All odd IMDs orders up to 9 would need to be considered for MSD for bands in the proximity of the carriers. All even IMDs orders up to 6 would need to be considered for MSD
· For 12RB+12RB case: 
· Coexistence with other bands is met
· All odd IMDs orders up to 5 would need to be considered for MSD for bands in the proximity of the carriers. All even IMDs orders up to 6 would need to be considered for MSD
· For 100RB+100RB case: All odd IMDs orders up to 9 would need to be considered for MSD for bands in the proximity of the carriers. Even orders are OK.  
· For 216RB+216RB case: All odd IMDs orders up to 5 would need to be considered for MSD for bands in the proximity of the carriers. Even orders are OK.
· At MPR12: Non-contiguous intra-band SEM is finally met by 1RB+1RB and only 1RB+1RB IMD3 and IMD5 would need to be considered.
· One aspect that should be noted is that in contrast to cross-band isolation for one UL CC which can be improved by improved transceiver image or carrier rejection, these 2CC UL cases are purely linked to the transmitter linearity as:
· 1UL CC MSD is linked to IMDs of RB allocation at PCmax and its image 28dBc below. But in real implementations image is often improved.
· 2UL CC MSD is linked to IMDs of the two CC allocation at PCmax-3dB (in balanced CC BW configurations) and thus result in a much higher IMD levels. Thus a larger IMD reach and MSD value.
2.3 MPR0 versus allowed MPR for emission approach.
One key aspect for deciding the RB allocation for the intra-band ULCA TDD case was whether it should align with the usual “no MPR” approach and a restricted number of RB for FDD band and full allocation for TDD band.

As already discussed above and illustrated in Figure 3a and 3b, whatever the chosen waveform, the IMD reach which could result in MSD is very large (Nx200MHz for CA_nXXC and Nx600MHz for CA_nXX(2A)) and it would not be possible to derive MSD values without extensive measurements and understanding of filter behaviors over a very wide band (checking for flyback regions for example). Even with a fully allocated contiguous ULCA, MSD would have to be considered for higher IMD orders than currently agreed upon for TDD intra-band ULCA:
· up to IMD13 versus IMD9 in current guidelines as can be seen in Figure 3a. 
· and up to close to H2 IMD8 versus IMD6 in current guidelines as can be seen in Figure 3b.
· If this solution was adopted, for Band n41C for example, we would have to consider MSD for:
· All bands down to 13x190MHz=2470MHz => this is basically all bands bellow n41!
· All bands up to H3+1x190MHz=2.7*3+380MHz => this is basically all bands above n41!
· It would be even worse for n77(2A) as the range would largely exceed FR1.
· For FDD bands since the maximum aggregated BW is <60MHz and with the better rejection offered by the UL section of the duplexers, the issue is better contained and accordingly the MPR0 approach is the one agreed in the guidelines with up to IMD13 to be considered. Note that order 13 is in bracket in the guidelines and as these measurements show for the 12RB+12RB case that is relevant to FDD, up to IMD15/17 may need to be evaluated, on a case-by-case.

Observation: Even with using the fully allocated carriers, the MPR0 approach would result in all FR1 bands being subject to IMDs of TDD ULCA bandwidth class C cases. For FDD if guidelines are up to IMD13, IMD15/17 could be marginal.

Proposal for TDD: MPR0 is not used for MSD evaluation of TDD intra-band contiguous and non-contiguous ULCA due to IMD or triple beat. IMD order with up to IMD7 is analyzed but IMD9 may require expert attention especially in the NS_04 case.

Proposal for FDD: According to current guidelines MPR0 is used for MSD evaluation of FDD intra-band ULCA due to IMD or triple beat. IMD order with up to IMD13 is analyzed, but IMD15/17 may require expert attention.
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Figure 3a: Close to transmitted carriers PSD for all waveforms at 0dB MPR
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Figure 3b: Close to H2 PSD for all waveforms at 0dB MPR
The alternative that was used is to assume that MPR is allowed, and emissions can be met without filter help for the TDD cases. This is especially important since:
· The filters are not as efficient as duplexers especially for those covering large bandwidths like for n41/77/78/79 to reject IMDs of the two carriers
· Without this, the IMDs could affect any band within FR1
· Coexistence with other bands within the IMD3/5 range would require RB restriction or A-MPR or specific filters.

Figure 4a and 4b show the IMD behavior for close to carriers IMDs and close to H2 IMDs for the different waveform at the back off value which is the closest to meet emissions:
· This is MPR0 for 216RB+216RB and 100RB+100RB and is pessimistic since SEM is met, but ACLR is slightly failed.
· This is MPR3 for 12RB+12RB and although it passes SEM with margin it is not necessarily too optimistic if APT or ET are accounted for, in those implementations the IMD decay may not be as rapid.
· This is MPR7 for 1RB+1RB and although it passes SEM with margin it is not necessarily too optimistic if APT or ET operaton are accounted for, in those implementations the IMD decay may not be as rapid.

[image: ] 
Figure 4a: Close to transmitted carriers PSD for all waveforms at closest MPR needed to meet emissions.
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Figure 4b: Close to transmitted carriers PSD for all waveforms at closest MPR needed to meet emissions.
When comparing the waveforms and extrapolating the spectrum for exactly meeting ACLR and SEM, the IMD reach is very similar. It is also consistent with the current guidelines in [3] in the Table:
- For contiguous/non-contiguous intra-band ULCA within a TDD band, IMD order up to 9/7 should be considered and MPR should be assumed
- Close to H2 IMD4 and IMD6 are for analysis.

However, when it comes to assessing the interference level in a 5MHz CBW, there is a significant difference between the evaluated RB allocations:
· For the fully allocated case with 216RB+216RB, all the IMDs are blended together making every 5MHz PSD within the IMD9 range a different value that can only be estimated with simulation or measurements. In our opinion, only the later is valid as memory effect will largely affect simulation results with too optimistic values for the higher IMDs. This memory effect aspect can be observed here as all the IMDs see large asymmetry depending on the carriers’ side.
· For the 100RB+100RB case which could be a fully allocated non-contiguous case, again the PSD shape has bumps and holes making every 5MHz a new value.
· For the 12RB+12RB case that is representative of the FDD approach, although the IMDs have a larger BW than the 5MHz victim channel, most of the energy is concentrated in the peak and thus it is easy to “tune” the test point for evaluation by simulations or measurements.
· For the 1RB+1RB case, even for 30KHz SCS case, the IMD can be fully placed within the 5MHz channel up to IMD12. Additionally, the total energy in 1MHz is representative of the 4.5MHz BW energy up to IMD7 as most of the power is within the 1MHz at the middle of the IMD spectrum).

This is the later aspect that drives the use of 1RB+1RB for the MSD test point due to IMDs of TDD contiguous and non-contiguous ULCA as the interference value can be easily calculated from the SEM requirement (these allocations are SEM limited) in the following way:
· Assume IMD3=-13dBm/MHz and IMD5=-30dBm/MHz for contiguous ULCA case
· Assume IMD3=-13dBm/MHz and IMD5=-25dBm/MHz for contiguous ULCA NS_04 exception case
· Assume IMD3=-30dBm/MHz for non-contiguous ULCA case
· Assume IMD3=-25dBm/MHz for non-contiguous ULCA NS_04 exception case
· Assume 10-12dB IMD decay per order. With lowest decay for contiguous case, especially if NS04 is involved, as they have less MPR. Note that the measurements show that this decay is reasonable on average based on 12RB+12RB for which the MPR3 measurement is the closest to the SEM requirement.


Observation: Using approximate backoff to meet the emission requirement, there is no significant difference in IMD reach and PSD in 4.5MHz (corresponding to a 5MHz CBW in a victim band) whatever the waveform. However, only the 1RB+1RB allocations allow to calculate the IMDs power with good accuracy and thus avoid lengthy and tricky measurements due to the large bandwidth and dynamic range required.

Observation on coexistence aspects: If no MPR is considered for coexistence with other bands, up to IMD9 of contiguous/non-contiguous may not meet -50dBm/MHz and thus RB restriction, coexistence level relaxation or AMPR must be evaluated. With MPR applied, only IMD3 is of concern and may require RB restriction, coexistence level relaxation or AMPR must be evaluated. Note that this is the case for n41C into n40.

Finally, one of the most important aspects of choosing allocations that are SEM limited like 1RB+1RB and applying MPR is that the SEM is the same whatever the power class and thus the higher power classes do not result in higher MSD.

Proposal for band coexistence with intra-band ULCA: MPR is allowed to meet general emission (SEM) and only IMD3 need evaluation whether -50dBm/MHz can be achieved. With this approach, band coexistence can be made independent of from the intra-band ULCA band and inter-band power class.

Proposal for TDD RB allocation for ULCA IMD MSD test point: 
· The 1RB+1RB allocation is retained as per current guidelines and assuming MPR is applied, is consistent with the IMD orders that are requested for analysis.
· This approach results in the MSD being independent from the TDD intra-band ULCA band and inter-band power class
· This is valid for Release 18 and the start of Release 19. 
· If other approaches are to be evaluated for Release 19, this should be part of a specific WI as it will require extensive studies including measurements and simulations that is not compatible with block approval and will result in re-evaluating all currently specified intra-band ULCA related IMD and triple beat cases.
3 Conclusion
In this contribution, we discussed the approach to MSD evaluation that is related to intra-band ULCA, covering both TDD and FDD cases, different allocations and power levels based on wideband and large dynamic range measurements. It should be noted that the evaluation is based on PC3, but with the proposed approach is also valid for higher power classes. After detailed analysis, we make the following proposals. 
Proposal 1: If RB allocation (1RB+1RB) is re-considered for intra-band ULCA within an inter-band DL CA, it should be for intra-band TDD ULCA only.

Proposal for TDD: MPR0 is not used for MSD evaluation of TDD intra-band contiguous and non-contiguous ULCA due to IMD or triple beat. IMD order with up to IMD7 is analyzed but IMD9 may require expert attention especially in the NS_04 case.
Proposal for FDD: According to current guidelines MPR0 is used for MSD evaluation of FDD intra-band ULCA due to IMD or triple beat. IMD order with up to IMD13 is analyzed, but IMD15/17 may require expert attention.

Proposal for band coexistence with intra-band ULCA: MPR is allowed to meet general emission and only IMD3 need evaluation whether -50dBm/MHz can be achieved.

Proposal for band coexistence with intra-band ULCA: MPR is allowed to meet general emission (SEM) and only IMD3 need evaluation whether -50dBm/MHz can be achieved. With this approach, band coexistence can be made independent of from the intra-band ULCA band and inter-band power class.

Proposal for TDD RB allocation for ULCA IMD MSD test point: 
· The 1RB+1RB allocation is retained as per current guidelines and assuming MPR is applied, is consistent with the IMD orders that are requested for analysis.
· This approach results in the MSD being independent from the TDD intra-band ULCA band and inter-band power class
· This is valid for Release 18 and the start of Release 19. 
· If other approaches are to be evaluated for Release 19, this should be part of a specific WI as it will require extensive studies including measurements and simulations that is not compatible with block approval and will result in re-evaluating all currently specified intra-band ULCA related IMD and triple beat cases.
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