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Introduction
The WID for NR DC was updated in RAN #81 meeting [1]. This contribution provides some MSD analysis and a TP for TR 37.716-11-11. A TP for TR was presented in RAN4#90 meeting [2] without the accommodation of harmonic filter. We present the analysis and benefits with adding the harmonic filter.
Discussion
The background and details for the TP for TR for this EN-DC combination and be found in [2]. We provide the following analysis that shows the MSD and single chain de-sense can be significantly improved with the addition of a harmonic filter as shown in Table 2-3. Hence the following TIB,c and RIB,c values are proposed in Tables 2-1 and 2-2:

Table 2-1: ΔTIB,c
	Inter-band DC Configuration
	E-UTRA and NR Band
	ΔTIB,c [dB]

	DC_8_n41
	8
	0.6

	
	n41
	0.3



Table 2-2: ΔRIB,c
	Inter-band DC Configuration
	E-UTRA and NR Band
	ΔRIB [dB]

	DC_8_n41
	8
	0

	
	n41
	0



The comparison for single chain de-sense with and without harmonic filter is as follows:
Table 2-3: Single chain de-sense comparison with and without LPF
	Single Chain de-sense, dB

	 
	Primary
	Diversity

	With LPF
	15.3
	15

	Without LPF
	23.2
	16.9






Table 2-4 show the calculation for harmonic interference:
Table 2-4 MSD calculation for harmonic interference
	Parameter
	Primary
	Diversity

	 
	
	 

	PA H3, dBm
	-16
	 

	 
	
	 

	LB Duplexer Rejection, dB
	-33
	 

	Diplexer Rejection, dB
	-25
	 

	LB Low Pass Filter, dB 
	-18
	 

	Total Rejection of H3, dB
	-76
	 

	 
	
	 

	PCB PA-LNA Isolation, dB
	-70
	 

	Antenna Isolation, dB
	-10
	 

	 
	
	 

	HB FE Loss, dB
	4.4
	4.4

	Chip NF, dB
	3.4
	3.4

	CBW, MHz
	10
	10

	 
	
	 

	H3 Referred to Antenna
	
	 

	H3 at LNA Conducted, dBm/BW
	-92
	-102

	DA to LNA, dBm/BW
	-100.6
	-100.6

	PA to LNA (PCB), dBm/BW
	-81.6
	-81.6

	 
	
	 

	Composite H3, dBm/BW
	-81.1
	-81.5

	Thermal Noise, dBm/BW
	-96.5
	-96.5

	 
	
	 

	MRC Sensitivity, dBm
	-81.8
	 

	REFSENS, dBm 
	-94.8
	 

	MSD, dB
	13
	 



Reference sensitivity exceptions for DC_8_n41 are proposed in Table 2-4 with uplink configuration specified in Table 2-5 for all DL BW’s.
Table 2-5: MSD due to UL harmonic for EN-DC in NR FR1
	UL band
	DL band
	5 MHz
(dB)
	10 MHz
(dB)
	15 MHz
(dB)
	20 MHz
(dB)
	25 MHz
(dB)
	30 MHz (dB)
	40 MHz
(dBm)
	50 MHz
(dBm)
	60 MHz
(dBm)
	80 MHz
(dBm)
	90 MHz
(dBm)
	100 MHz
(dBm)

	8
	N418,9
	N/A
	13
	11.3
	10.1
	
	
	7.0
	6.1
	5.5
	4.3
	3.9
	3.5

	NOTE 8:	These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of a low band for which the 3rd transmitter harmonic is within the downlink transmission bandwidth of a high band.

NOTE 9:	The requirements should be verified for UL EARFCN of a low band (superscript LB) such that in MHz and  with the carrier frequency of a high band in MHz and  the channel bandwidth configured in the low band.




Table 2-6: Uplink configuration for reference sensitivity exceptions due to UL harmonic interference for EN-DC in NR FR1
	
	E-UTRA or NR Band / Channel bandwidth of the high band

	UL band
	DL band
	5
MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	8
	N41
	
	16
	25
	25
	
	
	25
	25
	25
	25
	25
	25




References
[bookmark: OLE_LINK24][bookmark: OLE_LINK1][bookmark: OLE_LINK2][1]	RP-181885, “Revised WID: Dual Connectivity (EN-DC) of 1 LTE band (1DL/1UL) and 1 NR band (1DL/1UL)”, NTT DOCOMO, INC.
[2] R4-1900906, Huawei, HiSilicon, TP for TR 37.716-11-11 for DC_8_n41, 3GPP TSG-RAN WG4 Meeting #90, Athens, Greece, 25th – 1st March, 2019
Text Proposal
<TP for TR 37.716-11-11>
6.1.x.5	MSD analysis for DC
For 2UL/2DL UE coexistence study 2nd, 3rd, 4th and 5th order harmonics and 2nd, 3rd, 4th and 5th order intermodulation products were calculated and presented in Table 6.1.x.5-1.
Table 6.1.x.5-1: Harmonic and IMD analysis
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	880
	915
	2496
	2690

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

	2nd harmonics frequency limits (MHz)
	1760
	1830
	4992
	5380

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

	3rd harmonics frequency limits (MHz)
	2640
	2745
	7488
	8070

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

	4th harmonics frequency limits (MHz)
	3520
	3660
	9984
	10760

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

	5th harmonics frequency limits (MHz)
	4400
	4575
	12480
	13450

	Two tone 2nd order IMD products
	fy_low – fx_high
	fy_high – fx_low
	fx_low + fy_low
	fx_high + fy_high

	IMD frequency limits (MHz)
	1581
	1810
	3376
	3605

	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)
	930
	666
	4077
	4500

	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)
	4256
	4520
	5872
	6295

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

	IMD frequency limits (MHz)
	50
	-249
	6573
	7190

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

	IMD frequency limits (MHz)
	5136
	5435
	8368
	8950

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

	IMD frequency limits (MHz)
	3162
	3620
	6752
	7210

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

	IMD frequency limits (MHz)
	-830
	-1164
	9069
	9880

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

	IMD frequency limits (MHz)
	6016
	6350
	10864
	11675

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

	IMD frequency limits (MHz)
	2740
	2247
	5658
	6310

	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)
	9248
	9900
	7632
	8125



Based on above table, 
1. the 3rd order harmonic of Band 8 will fall into Band 41.
1. the 3rd and 5th order IMD may fall into Rx frequencies of band n8 and the 5th order IMD may fall into Rx frequencies of Band 41. However IMD is not an issue for Band 41 since it is a TDD band. MSD need to be considered only for Band 8.
Regarding the MSD due to 3rd order and 5th order IMD, we propose to reuse the corresponding values from 36.101. Table 6.1.x.5-2 lists the MSD required due to 3rd order and 5th IMD for EN-DC_8_n41.
Table 6.1.x.5-2: MSD due to IMD issue
	NR or E-UTRA Band / Channel bandwidth / NRB / MSD
	IMD order

	EN-DC
Configuration
	EUTRA/NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	DC_8A_n41A
DC_8A_n41C
DC_8A_n41(2A)
	8 
	882.5
	5
	25 
	927.5
	12.1
	FDD
	IMD3x

	
	n41
	2685
	10
	50 
	 2685
	N/A 
	TDD
	N/A

	NOTE x:	This band is subject to IMD5 also which MSD is not specified.



Regarding the MSD due to harmonics of Band 8 fall into Band41, it is FFS. a diplexer is adopted to combine the two bands, i.e. diplexer + duplexer architecture is used to estimate the MSD due to 3rd harmonic.
Reference sensitivity exceptions for DC_8_n41 are proposed in Table 6.1.x.5-3 with uplink configuration specified in Table 6.1.x.5-4.
Table 6.1.x.5-3: MSD due to UL harmonic for EN-DC in NR FR1

	UL band
	DL band
	5 MHz
(dB)
	10 MHz
(dB)
	15 MHz
(dB)
	20 MHz
(dB)
	25 MHz
(dB)
	30 MHz (dB)
	40 MHz
(dBm)
	50 MHz
(dBm)
	60 MHz
(dBm)
	80 MHz
(dBm)
	90 MHz
(dBm)
	100 MHz
(dBm)

	8
	N418,9
	N/A
	13
	11.3
	10.1
	
	
	7.0
	6.1
	5.5
	4.3
	3.9
	3.5

	NOTE 8:	These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of a low band for which the 3rd transmitter harmonic is within the downlink transmission bandwidth of a high band.

NOTE 9:	The requirements should be verified for UL EARFCN of a low band (superscript LB) such that in MHz and  with the carrier frequency of a high band in MHz and  the channel bandwidth configured in the low band.



Table 6.1.x.5-4: Uplink configuration for reference sensitivity exceptions due to UL harmonic interference for EN-DC in NR FR1
	
	E-UTRA or NR Band / Channel bandwidth of the high band

	UL band
	DL band
	5
MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	8
	N41
	
	16
	25
	25
	
	
	25
	25
	25
	25
	25
	25



6.1.x.6	∆TIB and ∆RIB values
For DC_8_n41, the TIB,c and RIB,c values are given in the tables below.
Table 6.1.x.6-1: ΔTIB,c
	Inter-band DC Configuration
	E-UTRA and NR Band
	ΔTIB,c [dB]

	DC_8_n41
	8
	0.30.6

	
	n41
	0.3



Table 6.1.x.6-2: ΔRIB,c
	Inter-band DC Configuration
	E-UTRA and NR Band
	ΔRIB [dB]

	DC_8_n41
	8
	0

	
	n41
	0



<End of TP >
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