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1. Introduction

In RAN#86 meeting, the revised WID on Rel-16 NR Inter-band Carrier Aggregation/Dual Connectivity for 1 band DL with 1 band UL [1]. This contribution is a text proposal for TR 37.716-11-11 to include DC_2A_n48B referring the approved text proposal [2]. 

2. Reference 

[1] 	RP-192742, Revised WID on EN-DC for 2 bands DL with 2 bands UL (1 LTE band + 1 NR band), CHTTL
[2]	R4-1912575, TP for TR 37.716-11-11: DC_2A_n48A, DC_5A_n48A, DC_13A_n48A, DC_66A_n48A, Verizon, Nokia, Ericsson, Samsung, Qualcomm


3. Text Proposal

<Start of Text Proposal>
[bookmark: _Toc26804244]6.1.75		DC_2_n48
6.1.75.1	Operating bands for DC
Table 6.1.75.1-1: DC band combination of 1 LTE band + 1 NR band
	EN-DC band
	E-UTRA Band
	NR Band
	Single UL allowed

	DC_2_n483
	2
	n48
	No

	NOTE 3:	Applicable for UE supporting inter-band carrier aggregation with mandatory simultaneous Rx/Tx capability



6.1.75.2	Configuration for DC
Table 6.1.75.2-1:  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_2A_n48A
	DC_2A_n48A
	2A
	n48A

	DC_2A_n48B
	DC_2A_n48A
	2A
	CA_n48B


6.1.75.3	Maximum output power for DC
Table 6.1.75.3-1: Maximum output power for inter-band EN-DC of 1 LTE band + 1 NR band
	DC configuration
	Power class 3
(dBm)
	Tolerance
(dB)

	DC_2A_n48A
	23
	+2/-3



6.1.75.4	Spurious emission band UE co-existence for DC
Table 6.1.75.4-1: 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_2A_n48A
	E-UTRA Band 4, 5, 12, 13, 14, 17, 24, 26, 29, 30, 41, 50, 51, 66, 70, 71, 74, 85
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 2, 25
	FDL_low
	-
	FDL_high
	-50
	1
	4

	NOTE 1:	FDL_low and FDL_high refer to each frequency band specified in Table 5.2-1 in TS 38.101-1 or Table 5.5-1 in TS 36.101
NOTE 4:	These requirements also apply for the frequency ranges that are less than FOOB (MHz) in Table 6.5.3.1-1 from the edge of the channel bandwidth.


6.1.75.5	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 6.1.75.5-1
Table 6.1.75.5-1: Harmonic and IMD analysis
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1850
	1910
	3550
	3700

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

	2nd harmonics frequency limits (MHz) 
	3700
	3820
	7100
	7400

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

	3rd harmonics frequency limits (MHz)
	5550
	5730
	10650
	11100

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

	4th harmonics frequency limits (MHz)
	7400
	7640
	14200
	14800

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

	5th harmonics frequency limits (MHz)
	9250
	9550
	17750
	18500

	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)
	1640
	1850
	5400
	5610

	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)
	0
	270
	5190
	5550

	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)
	7250
	7520
	8950
	9310

	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)
	1850
	2180
	8740
	9250

	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)
	9100
	9430
	12500
	13010

	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)
	3700
	3280
	10800
	11220

	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)
	12950
	12290
	4090
	3700

	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)
	16050
	16710
	10950
	11340

	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)
	7400
	6830
	1370
	1850

	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)
	14350
	14920
	12650
	13130



Based on the table 6.1.75.5-1;
- The 4th IMD may fall into the own received band 2 and n48. There is MSD issue for this DC. However, the NR band n48 is TDD band and there is no simultaneous Tx/Rx transmission in the n48 NR band. Therefore, there should be no any impact from dual uplink transmission to n48. 
- Both 2nd and 3rd order harmonic may fall into Rx frequency of bands 43, 46, n77, n78 
- The 2nd, 3rd, 4th and 5th IMD products may fall into Rx frequencies of bands 1-4, 9-11, 21, 22, 24, 25, 32-37, 39, 42-43, 45-46, 48-52, 65-66, 74-76
- The 2nd, 4th and 5th IMD products may fall into n77, n78. The IMD products may not have issue to SUL bands (n80, 84 and n86).

Tables below list the MSD required for the dual connectivity configuration due to IMD4.
Table 6.1.75.5-2: Reference sensitivity exceptions 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)
	Duplex mode
	IMD order
	Single UL allowed

	DC_2A_n48A
	2
	1852.5
	5
	25
	1932.5
	[12]
	FDD
	IMD4
	No

	
	n48
	3625
	20
	100
	3625
	N/A
	TDD
	N/A
	No



As indicated in Table 6.1.75.5-1 above, the 2nd harmonic of B2 uplink transmission falls in “just missing” frequency of n48 where its ACPR is fully overlap with n48 downlink receiving range. Referring to MSD that had been specified in TS36.101, the MSD due B2 uplink transmission harmonic is proposed as follow:

Table 6.1.75.5-3: Reference sensitivity exceptions (MSD) due to UL harmonic 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)

	2
	n48x,xx
	27.3
	24.4
	22.4
	21.2
	
	
	18
	17.1
	16.3
	15
	14.5
	14

	
	n48xxx
	1.9
	1.4
	0.9
	0.4
	
	
	0
	0
	0
	0
	0
	0

	NOTE x:	These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the aggressor (lower) band for which the 2nd transmitter harmonic is within the downlink transmission bandwidth of a victim (higher) band and a range FHD above and below the edge of this downlink transmission bandwidth. The value FHD depends on the E-UTRA configuration: FHD = 10 MHz for DC_2A_n48A,  DC_66A_n48A and their higher order EN-DC combinations.


NOTE xx:	The requirements should be verified for UL EARFCN of the aggressor (lower) band (superscript LB) such that in MHz and  with[image: ] carrier frequency in the victim (higher) band in MHz and [image: ] the channel bandwidth configured in the lower band.




NOTE xxx:	The requirements are only applicable to channel bandwidths with a carrier frequency at  MHz offset from  in the victim (higher band) with , where[image: ]andare the channel bandwidths configured in the aggressor (lower) and victim (higher) bands in MHz, respectively.





Table 6.1.75.5-4: 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 affected DL band / UL RB allocation of the agressor band

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

	2
	n48
	12
	25
	36
	50
	
	
	100
	100
	100
	100
	100
	100




6.1.75.6	∆TIB and ∆RIB values
[bookmark: _GoBack]For DC_2_n48 and DC_2A_n48B, the TIB,c and RIB,c values are given in the tables below.
Table 6.1.75.6-1: ΔTIB,c
	Inter-band DC Configuration
	E-UTRA and NR Band
	ΔTIB,c [dB]

	DC_2_n48
	2
	0.6

	
	n48
	0.8



Table 6.1.75.6-2: ΔRIB,c
	Inter-band DC Configuration
	E-UTRA and NR Band
	ΔRIB [dB]

	DC_2_n48
	2
	0.2

	
	n48
	0.5



6.1.75.7		Self-interference analysis 
This section provides the formulation to determine whether the DL carriers would be impacted by UL harmonics, 2UL inter-modulation products (IMD), or DL harmonic mixing with UL interferer based on UL and DL channel combinations. The potential self-interference mechanism has been identified in section 6.1.x.5 except for harmonic mixing and UL harmonic order higher than 5 which are used to generate an interference mixing coefficient table for this DC combination, as shown in Table 6.1.75.7-1.
Table 6.1.75.7-1: Band 2 and Band n48 interference mixing coefficients
	EUTRA-NR DC
Configuration
	EUTRA/NR
Band
	UL
Coefficient
	DL
Coefficient
	Harmonic/IMD
Order
	Victim
Band
	Interference
Type

	DC_2A_n48A
	2
	a
	3
	b
	0
	4
	2
	IMD

	
	n48
	c
	1
	d
	0
	
	
	



Equations (1) and (2) below are used to calculate the interference center frequency (fINT) and its effective bandwidth (BWINT) where coefficients a, b, c, and d are defined in Table 6.1.75.7-1 and CBW stands for channel bandwidth.

                                        (1)

                                                  (2)
Formula (3-1) and (3-2) below are then used to indicate when the interference is overlapping with RX1 and RX2, respectively.

                                                        (3-1)

                                                        (3-2)
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