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1. Introduction
[bookmark: OLE_LINK2]Rel-16 LTE-NR DC combinations LTE 1 band + NR 1 band combination are defined in the WID [1]. This contribution is a text proposal for TR 37.716-11-11 to include DC_5_n38.
[bookmark: _Toc443593759][bookmark: _Toc460338137][bookmark: _Toc492043890][bookmark: _Toc492044144][bookmark: _Toc494295307]2. Discussion 
DC_5A_n38A is subject to downlink receiving harmonic mixing degradation in lower band which may be incorrectly specified when discussing its LTE combination. Here we provide the analysis and proposal for the mechanism.

Figure 2-1 Reference architecture for DC_5A_n38A B5 Rx harmonic mixing MSD analysis
	Parameter
	Value
	Unit

	Antenna isolation Primary <-> Diversity
	10
	dB

	B5 Duplexer isolation at n38 (3f_rx)
	45
	dB

	B5 Diversity RX filter isolation at n38 (3f_rx)
	35
	dB

	PCB isolation from n38 PA output to B5 RX LNA input
	67
	dB

	B5 RX front-end loss
	4
	dB

	n38 TX post-PA front-end loss 
	4
	dB

	Transceiver n38 TX port to B5 RX port isolation
	50
	dB

	Rx 3rd order harmonic rejection
	30
	dB

	SNR requirement for QPSK
	-1
	dB


   
Table 2-1 Receiver performance parameters for MSD analysis

	Direct Signal Path

	Parameter
	Main
	Diversity
	 

	Transceiver n38 output power
	0
	0
	dBm

	TX power at n38 PA output
	27
	27
	dBm

	TX power at n38 antenna port
	23
	NA
	dBm

	n38 Tx power at B5 receiving antenna port
	13
	13
	dBm

	n38 Tx power at B5 receiving LNA
	-32
	-22
	dBm

	B5 Receiver antenna input referred power after mixer
	-58
	-48
	dBm

	PCB Coupling Path

	Parameter
	Main
	Diversity
	 

	B5 receiver LNA input power due to n38 PA
	-40
	-40
	dBm

	B5 Receiver antenna input referred power after mixer
	-66
	-66
	dBm

	Combined

	B5 Receiver antenna input referred thermal noise power
	-95
	-95
	dBm

	Tx power after Rx mixing (referred to antenna, w/o LPF)
	-57.4
	-47.9
	dBm

	Uncorrected MRC combined B5 REFSENS 
	-58.8
	dBm

	MSD
	39.2
	dB



Table 2-2 Link analysis for REFSENS calculation (5MHz)
For large MSD near 40dB, it may be very limited for UE to operate under B5 when there is serious degradation due to harmonic mixing by n38. It is proposed to follow the spirit of TS36.101 for the same combination that B5 REFSENS requirement not apply for such scenario. Further, incorrectly specified in TS36.101 for the band combination will be corrected in the next meeting.
3. Text Proposal
---Start of changes---
[bookmark: _Toc494295560][bookmark: _Toc495923660][bookmark: _Toc500344913][bookmark: _Toc507677786][bookmark: _Toc512349564][bookmark: _Toc523348026][bookmark: _Toc443593769][bookmark: _Toc460338147][bookmark: _Toc405202255]6.1.x	DC_5A_n38A
[bookmark: _Toc494295561][bookmark: _Toc495923661][bookmark: _Toc500344914][bookmark: _Toc507677787][bookmark: _Toc512349565]6.1.x.1	Operating bands for DC
Table 6.1.x.1-1: DC band combination of 1 LTE band + 1 NR band
	EN-DC band
	E-UTRA Band
	NR Band
	Single UL allowed

	DC_5_n38
	5
	n38
	DC_5_n38



[bookmark: _Toc494295562][bookmark: _Toc495923662][bookmark: _Toc500344915][bookmark: _Toc507677788][bookmark: _Toc512349566]6.1.x.2	Configuration for DC
Table 6.x.2.2-1:  Inter-band EN-DC configurations of 1 LTE band + 1 NR band
	EN-DC
configuration
	Uplink EN-DC
configuration
(NOTE 1)
	E-UTRA configuration
	NR configuration

	DC_5A_n38A
	DC_5A_n38A
	5A
	n38A



[bookmark: _Toc520808396]6.1.x.3	Maximum output power for DC
Table 6.1.x.3-1: Maximum output power for inter-band EN-DC of 1 LTE band + 1 NR band
	DC configuration
	Power class 3
(dBm)
	Tolerance
(dB)

	DC_5A_n38A
	23
	+2/-3



[bookmark: _Toc520808397]6.1.x.4	Spurious emission band UE co-existence for DC
Table 6.1.x.4-1: Spurious emissions for inter-band EN-DC of 1 LTE band + 1 NR band
	E-UTRA and NR DC Configuration
	Spurious emission 

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	DC_5A_n38A
	E-UTRA Band 1, 2, 3, 4, 5, 8, 10, 12, 13, 14, 17, 28, 29, 30, 31, 34, 40, 42, 43, 50, 51, 65, 66, 74, 85
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 52
	FDL_low
	-
	FDL_high
	-50
	1
	2

	NOTE 2:	As exceptions, measurements with a level up to the applicable requirements defined in Table 6.6.3.1-2 are permitted for each assigned E-UTRA carrier used in the measurement due to 2nd, 3rd, 4th or 5th harmonic spurious emissions. Due to spreading of the harmonic emission the exception is also allowed for the first 1 MHz frequency range immediately outside the harmonic emission on both sides of the harmonic emission. This results in an overall exception interval centred at the harmonic emission of (2 MHz + N x LCRB x 180 kHz), where N is 2, 3, 4, 5 for the 2nd, 3rd, 4th or 5th harmonic respectively. The exception is allowed if the measurement bandwidth (MBW) totally or partially overlaps the overall exception interval.
NOTE 5:	These requirements also apply for the frequency ranges that are less than FOOB (MHz) in Table 6.6.3.1-1 and Table 6.6.3.1A-1 from the edge of the channel bandwidth.



[bookmark: _Toc494295563][bookmark: _Toc495923663][bookmark: _Toc500344916][bookmark: _Toc507677789][bookmark: _Toc512349567]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
	[bookmark: _Toc460338151]UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	824
	849
	2570
	2620

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

	2nd harmonics frequency limits (MHz) 
	1648
	1698
	5140
	5240

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

	3rd harmonics frequency limits (MHz)
	2472
	2547
	7710
	7860

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

	4th harmonics frequency limits (MHz)
	3296
	3396
	10280
	10480

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

	5th harmonics frequency limits (MHz)
	4120
	4245
	12850
	13100

	6th harmonics frequency limits
	6* fy_low
	6* fy_high
	6*fx_low
	6*fx_high

	6th harmonics frequency limits (MHz)
	4944
	5094
	15420
	15720

	7th harmonics frequency limits
	7* fy_low
	7* fy_high
	7*fx_low
	7*fx_high

	7th harmonics frequency limits (MHz)
	5768
	5943
	17990
	18340

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

	IMD frequency limits (MHz)
	1796
	1721
	3394
	3469

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

	IMD frequency limits (MHz)
	972
	872
	4291
	4416

	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)
	4218
	4318
	5964
	6089

	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)
	3592
	3442
	6788
	6938

	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)
	148
	23
	6861
	7036

	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)
	5042
	5167
	8534
	8709

	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)
	9656
	9431
	826
	676

	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)
	11104
	11329
	5866
	6016

	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)
	6212
	6012
	2593
	2768

	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)
	9358
	9558
	7612
	7787



Based on Table 6.1.X.5-1, it can be seen that
· 2rd order harmonic may fall into Rx frequencies of band 46.
· 3rd order harmonic may fall into Rx frequencies of band 41,
· 2nd order IMD products may fall into Rx frequencies of bands 42, n77 and n78. 
· 3rd order IMD products may fall into Rx frequencies of bands 6, 8, 18, 19, 26 and n79 and own Rx frequencies of band 5.
· 4th order IMD products may fall into Rx frequencies of bands 22, 46, 48 and 49.
· 5th order IMD products may fall into Rx frequencies of bands 7, 12, 13, 17, 20, 28, 29, 41, 44, 46, 47, 67, 68 and 69 and own Rx frequencies of band n38.
When 2UL inter-band EN-DC UE is operating with other systems such as WiFi, Bluetooth and GNSS system, the harmonics and intermodulation products can have impact on these systems. Table 6.1.X.5-2 lists up to 7th order harmonics and IMD up to 5th order falls into one of these receiving bands.
6.1.x.5-2: Band 5 and Band n38 harmonic and IMD for ISM and GNSS bands
	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	No
	
	

	Galileo
	1559
	-
	1591
	No
	
	

	GLONASS
	1591
	-
	1610
	No
	
	

	GPS
	1563
	-
	1587
	No
	
	

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	Yes
	
	3rd harmonics

	
	2400
	-
	2494
	Yes
	
	3rd harmonics

	ISM band
 (5GHz)
	5150
	-
	5925
	Yes
	US
	4th, 5th IMD
2nd harmonics

	
	5150
	-
	5350
	Yes
	Europe
	4th IMD
2nd harmonics

	
	5470
	-
	5725
	No
	
	

	
	5150
	-
	5825
	Yes
	Asia
	4th IMD
2nd harmonics

	45GHz Unlicensed Bands
	42300
	-
	47000
	No
	China
	

	
	47200
	-
	48400
	No
	China
	

	60GHz Unlicensed Bands
	57000
	-
	66000
	No
	Europe
	

	
	57050
	-
	64000
	No
	USA Canada
	

	
	57000
	-
	64000
	No
	South Korea
	

	
	59000
	-
	66000
	No
	Japan
	

	
	59000
	-
	64000
	No
	China
	

	
	59400
	-
	62900
	No
	Australia
	



6.1.x.6	∆TIB and ∆RIB values
For DC_5_n38, the TIB,c and RIB,c values are reused from DC_5_n7 and are given in the tables below.
Table 6.1.x.6-1: ΔTIB,c
	E-UTRA and NR DC Configuration
	E-UTRA and NR Band
	ΔTIB,c [dB]

	DC_5_n38
	5
	0.3

	
	n38
	0.3



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

	DC_5_n38
	5
	0

	
	n38
	0



6.1.x.7	MSD
Based on the co-existence studies for DC_5_n38, MSD need to be defined in TS 38.101-3 like in table below. MSD value reused from DC_5_n7.
[bookmark: _Hlk4056379]Table 7.3B.2.3.5.1-1: MSD test points for PCell due to dual uplink operation for EN-DC in NR FR1 (two bands)
	NR or E-UTRA Band / Channel bandwidth / NRB / MSD

	EN-DC
Configuration
	EUTRA or NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
LCRB
	DL Fc (MHz)
	MSD 
(dB)
	IMD order

	DC_5_n38
	5
	844
	5
	25
	889
	12
	IMD33

	
	n38
	2577
	10
	50
	2577
	N/A
	N/A

	NOTE 1:	Both of the transmitters shall be set min(+20 dBm, PCMAX_L,c) as defined in subclause 6.2.5A.
NOTE 2:	RBstart = 0
NOTE 3:	This band is subject to IMD5 also which MSD is not specified.
NOTE 4:	Applicable only if operation with 4 antenna ports is supported in the band with EN-DC configured.
NOTE 5:	Void



3rd order harmonics mixing from band n38 UL is affecting band 5 DL. MSD is defined in same way as has been done for CA_5A-38A.
Table 7.3B.2.3.2-1: Reference sensitivity exceptions (MSD) due to receiver harmonic mixing for EN-DC in NR FR1
	E-UTRA or NR Band / Channel bandwidth of the affected DL band / MSD

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

	n38
	5x
	N/A
	N/A
	
	
	
	
	
	
	
	
	
	

	NOTE x:	No requirements apply for the case that there is at least one individual RE within the uplink transmission bandwidth of the relative higher band and when the frequency range of relative higher band’s uplink channel bandwidth or uplink 1st adjacent channel bandwidth is fully or partially overlapped with the 3 times of the frequency range of the relative lower band’s downlink channel bandwidth. The reference sensitivity is only verified when this is not the case.



---End of changes---
Reference
[1]		RP‑192742, “Revised WID on EN-DC for 2 bands DL with 2 bands UL (1 LTE band + 1 NR band)”, CHTTL 
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