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1. Introduction
In Release 15 38.101-3 specification [1], the DC_3_n3 intra-band non-contiguous EN-DC combination is only supported in SSUL mode, as no MSD or A-MPR requirements were developed. In the scope of Release 16, MSD and A-MPR requirements will need to be developed. To that objective, this contribution looks at critical IMD issues and makes proposal for the test cases for MSD and points of attention for A-MPR.
2. Discussion
2.1. DC_3_n3 Definition and SSUL
The current DC_3A_n3A channel arrangement is copied from 38.101-3 in Table 1. All possible LTE and NR channel bandwidth combinations are possible but it should be noted that NR channel is always below the LTE channel. As the Note 1 implies this combinations can only be supported using SSUL in Release 15.
Table 1: EN-DC configurations and bandwidth combination sets defined for DC_3A_n3A

	
	
	E-UTRA – NR configuration / Bandwidth combination set

	Downlink
EN-DC configuration
	Uplink EN-DC configurations
	Component carriers in order of increasing carrier frequency
	Maximum aggregated 
bandwidth (MHz)
	BCS

	
	
	Channel bandwidths for LTE carrier (MHz)
	Channel bandwidths NR for carrier (MHz)
	Channel bandwidths for LTE carrier (MHz)
	
	

	DC_3A_n3A 
	DC_3A_n3A(1)
	
	5, 10, 15, 20, 25, 30
	5, 10, 15, 20
	50
	0

	NOTE 1:
Only single switched UL is supported in Rel.15


When doing the IMD analysis, it is found that the Band 3 DL channel is subject to IMD3, however, since the lower channel is always the NR channel, the LTE DL channel is not affected by IMD3 but it can be affected by IMD5. Since IMD3 affects one of the downlink channels, regardless of the fact SSUL is the only way to support this combination in release 15, SSUL allowed criteria of a H-H combination with IMD3 issue is met.
Observation 1: With NR channel at lower frequency than LTE, NR DL channel is victim of IMD3 from the 2 UL while LTE DL channel is victim of IMD5. Still beyond release 15 UE will be allowed to optionally support the combination with SSUL.

In order to evaluate the potential issues arising from IMD3/5 of the 2UL, RB configuration for each UL must be defined. In this contribution we used the lowest number or RB defined in the delta R table from 38.101-3 copied in Table 2. It can be seen that for channel bandwidths <20MHz the UL configuration uses 12RB while from 20MHz onwards 16RB are used. We reused the same numbers for the NR allocation. Since gap down to zero is described in this table we assume that contiguous LTE and NR channels 
Observation 2: 12RB UL allocation is used for LTE or NR for channels below 20MHz and 16RB UL allocation is used for channel from 20MHz and above.

Table 2: Intra-band non-contiguous EN-DC with one uplink configuration for reference sensitivity of DC_3_n3

	DC configuration
	Aggregated channel bandwidth (LTE+NR)
	Wgap / (MHz)
	UL LTE allocation
	ΔRIBNC (dB)
	Duplex mode

	DC_3A_n3A
	5MHz+5MHz 
	45.0 < Wgap ≤ 65.0 
	121
	4.7
	FDD

	
	
	0.0 < Wgap ≤ 45.0 
	251
	0
	

	
	5MHz+10MHz 
	40.0 < Wgap ≤ 60.0 
	121
	3.8
	

	
	
	0.0 < Wgap ≤ 40.0 
	251
	0
	

	
	5MHz+15MHz
	35.0 < Wgap ≤ 55.0 
	121
	3.6
	

	
	
	0.0 < Wgap ≤ 35.0 
	251
	0
	

	
	5MHz+20MHz 
	30.0 < Wgap ≤ 50.0 
	121
	3.4
	

	
	
	0.0 < Wgap ≤ 30.0 
	251
	0
	

	
	5MHz+25MHz
	25.0 < Wgap ≤ 45.0 
	121
	3.2
	

	
	
	0.0 < Wgap ≤ 25.0 
	251
	0
	

	
	5MHz+30MHz
	20.0 < Wgap ≤ 40.0 
	121
	3.0
	

	
	
	0.0 < Wgap ≤ 20.0 
	251
	0
	

	
	10MHz+5MHz 
	30.0 < Wgap ≤ 60.0 
	125
	5.1
	

	
	
	0.0 < Wgap ≤ 30.0 
	321
	0
	

	
	10MHz+10MHz 
	25.0 < Wgap ≤ 55.0 
	125
	4.3
	

	
	
	0.0 < Wgap ≤ 25.0 
	321
	0
	

	
	10MHz+15MHz
	20.0 < Wgap ≤ 50.0 
	125
	3.8
	

	
	
	0.0 < Wgap ≤ 20.0 
	321
	0
	

	
	10MHz+20MHz 
	15.0 < Wgap ≤ 45.0 
	125
	3.5
	

	
	
	0.0 < Wgap ≤ 15.0 
	321
	0
	

	
	10MHz+25MHz 
	10.0 < Wgap ≤ 40.0 
	125
	3.2
	

	
	
	0.0 < Wgap ≤ 10.0 
	321
	0
	

	
	10MHz+30MHz
	5.0 < Wgap ≤ 35.0 
	125
	2.8
	

	
	
	0.0 < Wgap ≤ 5.0 
	321
	0
	

	
	15MHz+5MHz 
	25.0 < Wgap ≤ 55.0 
	126
	6.0
	

	
	
	0.0 < Wgap ≤ 25.0 
	321
	0
	

	
	15MHz+10MHz 
	20.0 < Wgap ≤ 50.0 
	126
	4.7
	

	
	
	0.0 < Wgap ≤ 20.0 
	321
	0
	

	
	15MHz+15MHz 
	15.0 < Wgap  ≤ 45.0 
	126
	4.2
	

	
	
	0.0 < Wgap ≤ 15.0 
	321
	0
	

	
	15MHz+20MHz 
	10.0 < Wgap ≤ 40.0 
	126
	3.8
	

	
	
	0.0 < Wgap ≤ 10.0 
	321
	0
	

	
	15MHz+25MHz 
	5.0 < Wgap ≤ 35.0 
	126
	3.5
	

	
	
	0.0 < Wgap ≤ 5.0 
	321
	0
	

	
	15MHz+30MHz 
	0.0 < Wgap ≤ 30.0
	126
	3.3
	

	
	20MHz+5MHz 
	15.0 < Wgap ≤ 50.0 
	167
	6.5
	

	
	
	0.0 < Wgap ≤ 15.0 
	321
	0
	

	
	20MHz+10MHz 
	10.0 < Wgap ≤ 45.0 
	167
	5.1
	

	
	
	0.0 < Wgap  ≤ 10.0 
	321
	0
	

	
	20MHz+15MHz 
	5.0 < Wgap ≤ 40.0 
	167
	4.5
	

	
	
	0.0 < Wgap  ≤ 5.0 
	321
	0
	

	
	20MHz+20MHz 
	0.0 < Wgap ≤ 35.0 
	167
	4.1
	

	
	20MHz+25MHz 
	0.0 < Wgap ≤ 30.0 
	167
	3.8
	

	
	20MHz+30MHz
	0.0 < Wgap ≤ 25.0 
	167
	3.6
	


2.2. Illustration of IMD3 and IMD5 Related Issues

There are essentially two scenarios to consider which are illustrated in Figure 1. 
Scenario 1 is such that the 2 UL allocations are separated by duplex/2 such that IMD3 falls onto NR DL and IMD5 falls onto LTE DL. 
In Scenario 2, the IMD3 product fall just below the LTE channel, when using the exact UL and DL transmit BW the closest IMD3 product fall at 1857.5MHz while the LTE RX transmit bandwidth starts at 1861MHz. This is a just miss condition that will be worth checking but at this point we focused on scenario 1 as the most likely worst case.
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Figure 1: 2UL IMD scenario with impact on DL channels.
In order to better illustrate the issues related to IMD3/5 for DC_3_n3 scenario 1, which should be the worst case, the two extreme channel bandwidths combinations have been measured and the wide band spectrum captured in Figures 2 and 3. 
Figure 2 is a spectrum plot of a 5MHz NR channel at 1782.5MHz and 24dBm and a 5MHz LTE channel at 1737.5MHz and 23.5dBm for a PA capability of 26dBm for 20MHz 106RB NR reference waveform (1dB MPR). As discussed in previous chapter, 12RB are allocated for both LTE and NR, but the 12RB positions are chosen such that the IMD5 upper product falls centered on the LTE DL channel, doing so the IMD3 upper product falls at the edge of the NR DL channel.
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Figure 2: Worst case 5MHz LTE and 5MHz NR configuration spectrum measurement

Figure 3 is a similar spectrum plot of a 30MHz NR channel at 1775MHz and 24.2dBm and a 20MHz LTE channel at 1730MHz and 23.7dBm for the same PA. As discussed in previous chapter, 16RB are allocated for both LTE and NR, but the 16RB positions are chosen such that the IMD5 upper product falls centered on the LTE DL channel, doing so the IMD3 upper product falls inside of the NR DL channel.
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Figure 3: Worst case 20MHz LTE and 30MHz NR spectrum measurement
From Figure 2, it can be seen that multiple aspects have to be checked in term of requirements:

· Significant IMD5 power of -13dBm leaks into the LTE RX channel leading to significant MSD (marker 8)

· Significant IMD3 power of -2dBm leaks into the LTE RX channel leading to significant MSD (marker 7)

· Upper IMD3/5 power in 1MHz of -5/-19dBm is to be checked for own band protection (markers 11/12)
· Lower IMD3/5 power in 1MHz of -2/-12dBm is to be checked for emissions (markers 9/10)

· Lower NR ACLR at 30.5dB and LTE upper ACLR at -31dBm are marginal and would probably fail for larger allocations closer to the edges potentially leading to MPR.

Similarly, from Figure 3 it can be seen that same issues may arise:

· Significant IMD5 power of -11dBm leaks into the LTE RX channel leading to significant MSD (marker 8)

· Significant IMD3 power of 1dBm leaks into the LTE RX channel leading to significant MSD (marker 7)

· Upper IMD3/5 power in 1MHz of -5/-20dBm is to be checked for own band protection

· Lower IMD3/5 power in 1MHz of -3/-13dBm is to be checked for emissions

· Upper NR ACLR (marker 3) is failing but it is due to the fact that the gap being < 30MHz the LTE carrier fall into the adjacent channel of NR UL. Still ACLR should be further checked for other gaps and allocations.

Observation 3: With worst case channel and allocation placement significant MSD will affect LTE and NR, Spurious emissions, own band protection with 1RB allocations and ACLR with larger allocation may also lead to A-MPR.
2.3. MSD and Emissions Evaluation for All Cases
In order to evaluate all possible channel bandwidths combinations and also CP-and DFT-s-OFDM waveforms, automated tests were conducted. Measurements were done with a power amplifier calibrated at 26dBm for 30dBc ACLR and 20MHz 15kHz SCS 106RB DFT-s-OFDM signal. LTE and NR carrier power was set using equal PSD and a total power of 27dBm. Table 3 lists the measured channel and RB allocation arrangements that have IMD5 centered into LTE DL channel for all LTE and NR channel bandwidth combinations. There is multiple possibilities but these are the one for which the LTE UL channel is at the top of the band (closest to DL). LTE bandwidths are varied horizontally while NR bandwidths are varied vertically; the result tables follow the same arrangement.
Table 3: Worst case LTE/NR channel and allocation positions for IMD5 centred on LTE DL channel.
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The following three tables summarize the results for both CP-OFDM and DFT-s-OFDM for all possible LTE and NR channel bandwidth combinations. First, Table 4 provides the LTE and NR ACLRs for each carrier.
Table 4: ACLR results
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Given that the allocations are partial, most of the ACLR values show significant margin. As discussed for Figure 3 the failing cases for 30MHz NR are due to the fact that there is less than 30MHz gap between the NR and LTE UL carriers, these fails can be ignored but cases with the gap equal to the largest channel bandwidth within LTE and NR and full allocation are likely to fail. On the other side, the marginal and failing cases for NR 5MHz channel bandwidth do confirm that ACLR will be failed for large allocations similar to what was observed in Figure 2.
Observation 4: Based on measurements using partial allocations, A-MPR is needed for ACLR both on the sides and in the gap of the LTE/ NR channels
Proposal 1 for ACLR: A-MPR requirement to meet ACLR for DC_3_n3 must be developed for non-contiguous channel with varying gap lengths and RB allocations. Contiguous LTE and NR Channels are not needed based on current definition. SEM must also be checked.
Table 5 provides LTE and NR MSDs related to IMD5 and IMD3 respectively for both CP-OFDM and DFT-s-OFDM.
Table 5: MSD results
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The MSD has been calculated using the 50dB TX/RX isolation assumed for legacy LTE calculations. It results in huge MSD of 45dB for NR and very significant MSD of 35dB for LTE. These are the worst MSD seen for an EN-DC combination so far but this could be anticipated for the first non-contiguous intra-band FDD case. 
Observation 5: NR MSD of 45dB and LTE MSD of 35dB are observed.
It shall be noted the worst case is for the 5MHz LTE + 5MHz NR case due to the lower REFSENS associated with smaller channel bandwidths. NR behavior is slightly different as the IMD3 falls slightly on the edge for the lower channel bandwidths. 

Results are very similar between CP-OFDM and DFT-s-OFDM and the MSD test point can be designed using DFT-s-OFDM waveform only.
The MSD levels being very high it seems fair to take into account advances in duplexer technology like it has been the case for Band 71, for this reason we propose to use 55dB isolation to finalize MSD results.

Like for Band 71 intra-band EN-DC we believe that at least two test points are needed for MSD. One that is free of IMD issues and allows characterizing the UE receiver sensitivity with only the PA noise floor contribution and one that characterizes the contribution of the PA non-linearity. For the later the worst case configuration measured here is a good start. In terms of the best case, since contiguous LTE and NR channels seems precluded a quasi-contiguous LTE and NR allocation is not feasible, the closest situation is a non-contiguous channel arrangement with 5MHz gap and using smallest channel bandwidths of 5MHz all aligned to the top of the band. Scenario 2 from Figure 1 may need further evaluation and depending on the results may constitute an extra test point for the requirement.
Proposal 2 for MSD:
· Duplexer isolation of 55dB is used.
· DFT-s-OFDM 15KHz SCS waveforms are used for NR.
· “Worst case” test point uses: LTE 5MHz 12RB12 at 1782.5MHz + NR 5MHz 12RB0 at 1737.5MHz.
· “Best case” test point uses: LTE 5MHz 12RB0 at 1782.5MHz + NR 5MHz 12RBend51 at 1772.5MHz.
· Other test points are not precluded; the LTE DL just miss IMD3 case may be added.
Table 6 summarizes measurements of IMD3 and IMD5 products at their peaks for 1MHz measurement bandwidths. The Upper products fall in the DL band and accounting for 50dB TX/RX isolation are subject to the -50dBm/MHz own band protection requirement. The lower IMD products fall out of band and accounting for a conservative 30dB isolation are subject to the -30dBm/MHz spurious emission limit.
Table 6: Emissions in 1MHz results
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OOB_IM5L 1641.9875 -45.25 -44.48 1637.7475 -45.25 -44.47 1635.1875 -45.20 -44.36 1632.7475 -46.61 -46.00

OOB_IM3L 1689.155 -31.62 -33.15 1685.165 -31.73 -33.33 1683.255 -31.87 -33.56 1680.165 -32.75 -34.08

B3prot_IM3H 1830.6575 -55.56 -55.73 1827.4175 -56.44 -56.80 1827.4575 -56.55 -56.95 1822.4175 -57.30 -57.63

B3prot_IM5H 1877.825 -67.87 -66.61 1874.835 -67.75 -66.35 1875.525 -67.66 -66.30 1869.835 -68.35 -66.97

OOB_IM5L 1639.7975 -45.24 -44.45 1637.4175 -45.21 -44.44 1634.7975 -45.14 -44.36 1632.4175 -46.46 -45.91

OOB_IM3L 1687.395 -31.71 -33.27 1684.945 -31.82 -33.43 1682.395 -31.60 -33.36 1679.945 -32.78 -34.10

B3prot_IM3H 1830.1875 -55.73 -56.01 1827.5275 -56.40 -56.73 1825.1875 -56.68 -57.10 1822.5275 -57.31 -57.69

B3prot_IM5H 1877.785 -67.77 -66.46 1875.055 -67.76 -66.36 1872.785 -67.80 -66.39 1870.055 -68.35 -66.96
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OOB_IM3L 1687.535 -31.67 -33.23 1685.165 -31.76 -33.36 1682.535 -31.61 -33.33 1680.165 -32.75 -34.08

B3prot_IM3H 1830.1175 -55.74 -55.98 1827.4175 -56.48 -56.83 1825.1175 -56.61 -57.03 1822.4175 -57.26 -57.60

B3prot_IM5H 1877.645 -67.78 -66.46 1874.835 -67.74 -66.34 1872.645 -67.81 -66.40 1869.835 -68.33 -66.96

OOB_IM5L 1639.7975 -45.76 -44.79 1637.4175 -45.74 -44.76 1634.7975 -45.69 -44.71 1632.4175 -46.41 -45.41

OOB_IM3L 1687.395 -32.20 -34.04 1684.945 -32.26 -34.13 1682.395 -32.06 -34.10 1679.945 -32.77 -34.63

B3prot_IM3H 1830.1875 -56.69 -56.80 1827.5275 -57.33 -57.51 1825.1875 -57.61 -57.88 1822.5275 -57.91 -58.19

B3prot_IM5H 1877.785 -69.04 -68.47 1875.055 -69.06 -68.38 1872.785 -69.14 -68.44 1870.055 -69.19 -67.89

OOB_IM5L 1640.0075 -45.77 -44.80 1637.7475 -45.75 -44.78 1635.0075 -45.71 -44.72 1632.7475 -46.45 -45.45

OOB_IM3L 1687.535 -32.18 -33.98 1685.165 -32.24 -34.11 1682.535 -32.27 -34.27 1680.165 -32.75 -34.62

B3prot_IM3H 1830.1175 -56.70 -56.81 1827.4175 -57.38 -57.59 1825.1175 -57.58 -57.85 1822.4175 -57.85 -58.06
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OOB_IM5L 1639.7975 -45.76 -44.79 1637.4175 -45.74 -44.76 1634.7975 -45.70 -44.71 1632.4175 -46.43 -45.43

OOB_IM3L 1687.395 -32.20 -34.00 1684.945 -32.24 -34.14 1682.395 -32.05 -34.09 1679.945 -32.76 -34.64

B3prot_IM3H 1830.1875 -56.70 -56.78 1827.5275 -57.31 -57.50 1825.1875 -57.60 -57.89 1822.5275 -57.91 -58.19

B3prot_IM5H 1877.785 -69.03 -68.47 1875.055 -69.05 -68.37 1872.785 -69.14 -68.44 1870.055 -69.19 -67.89
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For these measurements again the 5MHz LTE + 5MHz NR represents a worst case channel combination and proper emission level is achieved. However the results are marginal and do not yet use a 1RB+1RB allocation case which would have all the IMD power falling in the 1MHz measurement bandwidth.
Similarly for different gap size between the NR and LTE channel the IMD products would fall inside the UL bandwidth and thus without benefiting from the filter rejection would fail SEM.

Observation 6: Own band protection and spurious emissions are met for these tested channel and allocation arrangement but may fail for 1RB+1RB allocation. For smaller gaps between LTE and NR channels IMD3 and/or IMD5 products may fall in band and fail SEM, especially for 1RB+1RB case.
Proposal 3 for emissions: Spurious emission, own band protection and SEM must studied with various gaps and RB allocations down to 1RB+1RB and related A-MPR derived.
3. Conclusion
This contribution explores via measurements all the potential issues related to DC_3_n3 and focused on case where IMD3 and IMD5 affect NR and LTE downlink channels respectively and show significant MSD result. Even if these worst cases MSD configurations do not necessarily constitutes the worst cases for ACLR or emissions in general, it also demonstrates that A-MPR will be needed to meet the requirement for certain allocations. This study allows us to formulate the following proposals.
Proposal 1 for ACLR: A-MPR requirement to meet ACLR for DC_3_n3 must be developed for non-contiguous channel with varying gap lengths and RB allocations. Contiguous LTE and NR Channels are not needed based on current definition. SEM must also be checked.

Proposal 2 for MSD:
· Duplexer isolation of 55dB is used.

· DFT-s-OFDM 15KHz SCS waveforms are used for NR.

· “Worst case” test point uses: LTE 5MHz 12RB12 at 1782.5MHz + NR 5MHz 12RB0 at 1737.5MHz.

· “Best case” test point uses: LTE 5MHz 12RB0 at 1782.5MHz + NR 5MHz 12RBend51 at 1772.5MHz.

· Other test points are not precluded; the LTE DL just miss IMD3 case may be added.

Proposal 3 for emissions: Spurious emission, own band protection and SEM must studied with various gaps and RB allocations down to 1RB+1RB and related A-MPR derived.

These proposals were derived from the following observations:

Observation 1: With NR channel at lower frequency than LTE, NR DL channel is victim of IMD3 from the 2 UL while LTE DL channel is victim of IMD5. Still beyond release 15 UE will be allowed to optionally support the combination with SSUL.

Observation 2: 12RB UL allocation is used for LTE or NR for channels below 20MHz and 16RB UL allocation is used for channel from 20MHz and above.

Observation 4: Based on measurements using partial allocations, A-MPR is needed for ACLR both on the sides and in the gap of the LTE/ NR channels
Observation 5: NR MSD of 45dB and LTE MSD of 35dB are observed

Observation 6: Own band protection and spurious emissions are met for these tested channel and allocation arrangement but may fail for 1RB+1RB allocation. For smaller gaps between LTE and NR channels IMD3 and/or IMD5 products may fall in band and fail SEM, especially for 1RB+1RB case.
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