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1. Introduction
Due to small duplex distance in n3, the need to MSD analysis of DC_(n)3AA  combination was raised during RAN WG4 Meeting # 101-e [1].
2. Discussion
For DC_(n)3AA only one Tx is enabled at a time (NR or LTE). Two sources of Tx noise could interfere with the n3 Rx band. First source is the Out-of-Band (OOB) emission of the n3 Tx and the second source corresponds the IMD products related to the Tx signal and it image. 
Table 1 contains the CBW combinations which were requested for DC_(n)3AA [2]:
Table 1 Bandwidth combination set for DC_(n)3AA
	E-UTRA – NR configuration / Bandwidth combination set

	ENDC configuration
	Uplink ENDC 
configurations
	Component carriers in order of increasing carrier frequency
	Maximum aggregated 
bandwidth (MHz)
	Bandwidth combination set

	
	
	CBW for    E-UTRA carrier (MHz)
	CBW for NR carrier (MHz)
	CBW for     E-UTRA carrier (MHz)
	
	

	DC_(n)3AA
	DC_(n)3AA
	5, 10, 15, 20
	5, 10, 15, 20, 25, 30
	 
	50
	0

	
	
	 
	5, 10, 15, 20, 25, 30
	5, 10, 15, 20
	
	



 The largest Rx CBW combination happens with a 20MHz LTE Tx/RX at B3 and a 30MHz NR Tx/RX at n3. Table 2 contains the IMD and harmonic products of such band combination with an active NR with an LCRB=50 RBs. IMD3 and IMD5 products may fall on n3 DL band [1805 1880] MHz which are highlighted in red.




Table 2 Harmonics and IMD products
	UE UL carriers
	fx_low_image
	fx_high_image
	fy_low_signal
	fy_high_signal

	UL frequency (MHz)
	1755.692
	1764.692
	1775.307
	1784.308

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

	2nd harmonics frequency limits (MHz) 
	3511.384
	3529.384
	3550.614
	3568.616

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

	3rd harmonics frequency limits (MHz)
	5267.076
	5294.076
	5325.921
	5352.924

	4th harmonics frequency limits
	4*fx_low
	4*fx_high
	4* fy_low
	4* fy_high

	4th harmonics frequency limits (MHz)
	7022.768
	7058.768
	7101.228
	7137.232

	5th harmonics frequency limits
	5*fx_low
	5*fx_high
	5* fy_low
	5* fy_high

	5th harmonics frequency limits (MHz)
	8778.46
	8823.46
	8876.535
	8921.54

	2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	10.615
	28.616
	3530.999
	3549

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)
	1727.076
	1754.077
	1785.922
	1812.924

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	5286.691
	5313.692
	5306.306
	5333.308

	Two-tone 4th order IMD products
	|3*fx_low –1* fy_high|
	|3*fx_high – 1*fy_low|
	|3*fy_low – 1*fx_high|
	|3*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	3482.768
	3518.769
	3561.229
	3597.232

	Two-tone 4th order IMD products
	|3*fx_low +1* fy_low|
	|3*fx_high + 1*fy_high|
	|3*fy_low + 1*fx_low|
	|3*fy_high + 1*fx_high|

	IMD frequency limits (MHz)
	7042.383
	7078.384
	7081.613
	7117.616

	Two-tone 4th order IMD products
	|2*fx_low –2* fy_high|
	|2*fx_high –2* fy_low|
	|2*fx_low +2* fy_low|
	|2*fx_high +2* fy_high|

	IMD frequency limits (MHz)
	57.232
	21.23
	7061.998
	7098

	Two-tone 5th order IMD products
	|fx_low – 4*fy_high|
	|fx_high – 4*fy_low|
	|fy_low – 4*fx_high|
	|fy_high – 4*fx_low|

	IMD frequency limits (MHz)
	5381.54
	5336.536
	5283.461
	5238.46

	Two-tone 5th order IMD products
	|2*fx_low - 3*fy_high|
	|2*fx_high - 3*fy_low|
	|2*fy_low - 3*fx_high|
	|2*fy_high -3*fx_low|

	IMD frequency limits (MHz)
	1841.54
	1796.537
	1743.462
	1698.46

	Two-tone 5th order IMD products
	|fx_low + 4*fy_low|
	|fx_high + 4*fy_high|
	|fy_low + 4*fx_low|
	|fy_high + 4*fx_high|

	IMD frequency limits (MHz)
	8856.92
	8901.924
	8798.075
	8843.076

	Two-tone 5th order IMD products
	|2*fx_low + 3*fy_low|
	|2*fx_high + 3*fy_high|
	|2*fy_low + 3*fx_low|
	|2*fy_high + 3*fx_high|

	IMD frequency limits (MHz)
	8837.305
	8882.308
	8817.69
	8862.692



Figure1 shows the OOB emission regions and IMD regions that could fall on the n3/B3 DL band, however, one can observe that only LTE band is subjected to the IMD5 and the rest of the noises do not fall on the reception bands, hence only IMD5 is considered for MSD analysis. It should be mentioned that if bandwidth combinations larger than the ones requested in Table 1 (for instance, LTE with CBW= 20MHz and NR with CBW=50 MHz) would be asked in future, the OOB and IMD3 may fall on the portion of the n3 DL band which would be occupied by the (NR or LTE) receiver and the MSD analysis should be updated.
[image: ]
Figure 1 Out of band and spurious emissions of a 30MHz NR Tx and IMDs

2.1.  MSD Analysis
The UE architecture for DC_(n)3AA is shown in Figure 2. The Tx noise, at band3/n3, could interfere with its Rx band via the following paths:
· Main TRx:
· Duplexer Path: the PA is connected to the Tx input of the duplexer and the LNA is connected to its Rx input. The noise of the PA could leak, with heavy attenuation (TX/RX isolation), to the LNA input.
· PCB Path: the PA noise could be received at the input of the LNA via the PCB with heavy attenuation (TRX PCB Isolation)
· Diversity Rx:
· Antenna Path: the Diversity antenna can capture the Tx noise from the transmitter. This noise reachs the Diversity LNA through the reception chain.
· Main/Diversity PCB Path: The PA noise could be received at the input of the Diversity LNA via the PCB with heavy attenuation (Main/Diversity PCB Isolation)
[image: ]
Figure 2 UE architecture
A summary of the parameters that are used in this analysis is given below:
- Tx image level = - 28 dBc
- Duplexer n3 Rx rejection at n3 Tx (Duplexer TX/RX isolation): 50 dB
- Antenna isolation = 10 dB
- Diversity SAW filter with n3 Rx rejection at n3 Tx = 50 dB
- TRX PCB Isolation = 60 dB
- Main/Diversity PCB Isolation = 65 dB
- Insertion loss: Diplexer, Antenna switch, Duplexer, SAW Diversity filter: 0.5 dB, 1 dB, 4 dB, 3 dB.

Table 3 contains the MSD analysis with an NR active Tx with a CBW of 30MHz and an inactive LTE Tx with a CBW of 20MHz.
Table 3 MSD Analysis due to IMD5 on LTE receiver on B3 DL.
	 
	Main
	Div

	LTE Rx BW
	20.000
	20.000

	Receiver NF
	9.000
	9.000

	TX Noise at RX band at the antenna
	-89.000
	-99.000

	RX Thermal noise at the antenna
	-92.447
	-92.447

	RX Total noise at the antenna
	-87.380
	-91.580

	SNR
	-1.520
	2.680

	REFSENS
	-88.900
	-88.900

	 
	
	 

	MRC RX total noise
	-92.979
	 

	MSD
	2.479
	 

	SNR
	4.079
	 

	MSD at SNR=-1
	0.000
	 




On the other hand, if the LTE Tx is on and NR Tx is off, the n3/B3 DL band is not impacted at all by the Tx noise (neither OOB nor IMD) as shown in Figure 3.
[image: ]
Figure 3 Out of band and spurious emissions of a 20MHz LTE Tx and IMDs

In case the LTE Tx (20 MHz) is placed the closest to the B3 DL band, as shown in Figure 4 there is no impact on the NR and LTE receivers’ noise level, neither. The Harmonics and IMD products are calculated in Table 4:

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1765
	1774
	1776
	1785

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

	2nd harmonics frequency limits (MHz) 
	3530
	3548
	3552
	3570

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

	3rd harmonics frequency limits (MHz)
	5295
	5322
	5328
	5355

	4th harmonics frequency limits
	4*fx_low
	4*fx_high
	4* fy_low
	4* fy_high

	4th harmonics frequency limits (MHz)
	7060
	7096
	7104
	7140

	5th harmonics frequency limits
	5*fx_low
	5*fx_high
	5* fy_low
	5* fy_high

	5th harmonics frequency limits (MHz)
	8825
	8870
	8880
	8925

	2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	2
	20
	3541
	3559

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)
	1745
	1772
	1778
	1805

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	5306
	5333
	5317
	5344

	Two-tone 4th order IMD products
	|3*fx_low –1* fy_high|
	|3*fx_high – 1*fy_low|
	|3*fy_low – 1*fx_high|
	|3*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	3510
	3546
	3554
	3590

	Two-tone 4th order IMD products
	|3*fx_low +1* fy_low|
	|3*fx_high + 1*fy_high|
	|3*fy_low + 1*fx_low|
	|3*fy_high + 1*fx_high|

	IMD frequency limits (MHz)
	7071
	7107
	7093
	7129

	Two-tone 4th order IMD products
	|2*fx_low –2* fy_high|
	|2*fx_high –2* fy_low|
	|2*fx_low +2* fy_low|
	|2*fx_high +2* fy_high|

	IMD frequency limits (MHz)
	40
	4
	7082
	7118

	Two-tone 5th order IMD products
	|fx_low – 4*fy_high|
	|fx_high – 4*fy_low|
	|fy_low – 4*fx_high|
	|fy_high – 4*fx_low|

	IMD frequency limits (MHz)
	5375
	5330
	5320
	5275

	Two-tone 5th order IMD products
	|2*fx_low - 3*fy_high|
	|2*fx_high - 3*fy_low|
	|2*fy_low - 3*fx_high|
	|2*fy_high -3*fx_low|

	IMD frequency limits (MHz)
	1825
	1780
	1770
	1725

	Two-tone 5th order IMD products
	|fx_low + 4*fy_low|
	|fx_high + 4*fy_high|
	|fy_low + 4*fx_low|
	|fy_high + 4*fx_high|

	IMD frequency limits (MHz)
	8869
	8914
	8836
	8881

	Two-tone 5th order IMD products
	|2*fx_low + 3*fy_low|
	|2*fx_high + 3*fy_high|
	|2*fy_low + 3*fx_low|
	|2*fy_high + 3*fx_high|

	IMD frequency limits (MHz)
	8858
	8903
	8847
	8892



IMD3 and IMD5 could fall on n3/B3 DL band but they are not impacting the LTE and NR receivers.
  [image: ]

Hence No MSD is required for DC_(n)3AA with the requested band combinations in [2] 
3. Conclusion
Based on the above analysis, no MSD is needed for DC_(n)3AA for the requested bandwidth combinations in [2].
 
4. Reference
[1] R4-2119803 TP for TR 37.717-11-11: DC_(n)3AA.
[2] RP-212096 Rel.17 1 band LTE 1 band NR WID combination list v1_RAN4_100e.
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