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1. Introduction

This text proposal introduces parameters and requirements for DC_2A-n71A.  MSD is reused from LTE CA_2A-71A based on the discussion in [1].  The combination is not categorized as difficult for simultaneous uplink since there are no dual uplink intermodulation products impacting self-receive bands.
Reference
[1] R4-180xxxx, “MSD for harmonics of EN-DC B2 + n71,” Qualcomm Incorporated

<<< Start of TP for TR 37.863-01-01 >>>
1
Scope

The present document is a technical report for Dual connectivity (DC) band combinations of LTE 1DL/1UL + one NR band under Rel-15 time frame. The purpose is to gather the relevant background information and studies in order to address Dual connectivity (DC) band combinations of LTE 1DL/1UL + one NR band for the Rel-15 band combinations in Table 1-1.

Table 1-1: Release 15 DC band combination of LTE 1DL/1UL + one NR band
	DC combination
	REL independent from
	Difficult for simultaneous UL(1)

	DC_1A-n77A
	Rel-15
	Yes

	DC_1A-n78A
	Rel-15
	No

	DC_1A-n79A
	Rel-15
	No

	DC_3A-n77A
	Rel-15
	Yes

	DC_3A-n78A
	Rel-15
	Yes

	DC_3A-n79A
	Rel-15
	No

	DC_11A-n77A
	Rel-15
	No

	DC_11A-n78A
	Rel-15
	No

	DC_11A-n79A
	Rel-15
	No

	DC_11A-n257A
	Rel-15
	No

	DC_18A-n77A
	Rel-15
	No

	DC_18A-n78A
	Rel-15
	No

	DC_18A-n79A
	Rel-15
	No

	DC_18A-n257A
	Rel-15
	No

	DC_19A-n77A
	Rel-15
	No

	DC_19A-n78A
	Rel-15
	No

	DC_19A-n79A
	Rel-15
	No

	DC_21A-n77A
	Rel-15
	No

	DC_21A-n78A
	Rel-15
	No

	DC_21A-n79A
	Rel-15
	No

	DC_26A-n77A
	Rel-15
	No

	DC_26A-n78A
	Rel-15
	No

	DC_26A-n79A
	Rel-15
	No

	DC_26A-n257A
	Rel-15
	No

	DC_28A-n77A
	Rel-15
	No

	DC_28A-n78A
	Rel-15
	No

	DC_28A-n79A
	Rel-15
	No

	DC_41A-n257A
	Rel-15
	No

	DC_42A-n77A
	Rel-15
	No

	DC_42A-n78A
	Rel-15
	No

	DC_42A-n79A
	Rel-15
	No

	DC_20A-n28A
	Rel-15
	No

	DC_39A-n78A
	Rel-15
	No

	DC_39A-n258A
	Rel-15
	No

	DC_1A_n257
	Rel-15
	No

	DC_3A_n257
	Rel-15
	No

	DC_3A-n258A
	Rel-15
	No

	DC_5A-n257A
	Rel-15
	No

	DC_7A-n78
	Rel-15
	No

	DC_7A-n258A
	Rel-15
	No

	DC_8A-n78A
	Rel-15
	No

	DC_8A-n79A
	Rel-15
	No

	DC_8A-n258A
	Rel-15
	No

	DC_19A-n257
	Rel-15
	No

	DC_20A-n78A
	Rel-15
	No

	DC_21A-n257
	Rel-15
	No

	DC_28A-n257
	Rel-15
	No

	DC_28A-n258A
	Rel-15
	No

	DC_38A-n78A
	Rel-15
	No

	DC_39A-n79A
	Rel-15
	No

	DC_41A-n77A
	Rel-15
	No

	DC_41A-n78A
	Rel-15
	No

	DC_41A-n79A
	Rel-15
	No

	DC_41A-n258A
	Rel-15
	No

	DC_42A-n257
	Rel-15
	No

	DC_1A-n28
	Rel-15
	No

	DC_3A-n7
	Rel-15
	No

	DC_3A-n28
	Rel-15
	No

	DC_5A-n78A
	Rel-15
	No

	DC_7A_n28
	Rel-15
	No

	DC_7A-n257A
	Rel-15
	No

	DC_66A-n257A
	Rel-15
	No

	DC_8A_n77A
	Rel-15
	

	DC_8A_n257A
	Rel-15
	

	DC_25A_n41A
	Rel-15
	

	DC_26A_n41A
	Rel-15
	

	DC_41A_n41A
	Rel-15
	

	DC_66A_n71A
	Rel-15
	

	DC_71b_n71b
	Rel-15
	

	DC_2A-n71A
	Rel-15
	No


Note(1): Details on how to support it can be found in Section 5.X.
This TR contains a general part and band specific combination part. The actual requirements are added to the corresponding technical specifications.
<<<  Unchanged sections omitted  >>>

6.x
DC_2A-n71A
6.x.1
Operating bands for DC

Table 6.x.1-1: DC band combination of LTE 1DL/1UL + one NR band

	E-UTRA and NR DC Band
	E-UTRA and NR Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive
	

	
	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	DC_2A-n71A
	2
	1850 MHz
	–
	1910 MHz
	1930 MHz
	–
	1990 MHz
	FDD

	
	n71
	663 MHz
	–
	698 MHz
	617 MHz
	–
	652 MHz
	TDD


6.x.2
Channel bandwidths per operating band for DC

Table 6.x.2-1: Supported bandwidths per DC band combination of LTE 1DL/1UL + one NR band
	DC operating / channel bandwidth

	E-UTRA and NR DC Configuration
	E-UTRA and NR Band
	Subcarrier spacing

[kHz]
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	[40

MHz]
	50

MHz
	[60

MHz]
	80

MHz
	100 MHz
	Maximum aggregated bandwidth

[MHz]

	DC_2A-n71A
	2
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	40

	
	n71
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	

	
	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	

	
	
	60
	
	
	
	
	
	
	
	
	
	


6.x.3
Co-existence studies

Table 6.1.3-1 lists Band 2 +Band n71 2UL DC 2nd and 3rd order harmonics and 2nd, 3rd, 4th and 5th order IMD for the UE-to-UE coexistence analysis. 
Table 6.x.3-1: Band 2 and Band n71 UL harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1850
	1910
	663
	698

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

	2nd harmonics frequency limits (MHz) 
	3700
	3820
	1326
	1396

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

	3rd harmonics frequency limits (MHz)
	5550
	5730
	1989
	2094

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

	IMD frequency limits (MHz)
	1247
	1152
	2513
	2608

	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)
	3002
	3157
	584
	454

	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)
	4363
	3122
	3176
	3306

	Two-tone 3rd order IMD products
	(fx_low – max BW fy)
	(fx_high + max BW fy)
	(fy_low – max BW fx)
	(fy_high + max BW fx)

	IMD frequency limits (MHz)
	1830
	1930
	643
	718

	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)
	4852
	5067
	79
	244

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

	IMD frequency limits (MHz)
	2304
	2494
	
	

	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)
	6213
	6428
	3839
	4004

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

	IMD frequency limits (MHz)
	5026
	5216
	
	

	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)
	942
	742
	6977
	6702

	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)
	1606
	1831
	4404
	4154

	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)
	4502
	4702
	8063
	8338

	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)
	5689
	5914
	6876
	7126


The uplink of Band n71 is 663 - 698 MHz for which third harmonic products fall within 1989 – 2094 MHz, while the downlink of Band 2 is 1930 - 1990 MHz.  Thus, it can be seen that there is potential for third harmonic interference from uplink in Band 71 to downlink in Band 2.  However, the potential is limited to edge channels since the overlap is only 1 MHz from 1989 – 1990 MHz.  Only an uplink allocation in the lowest edge of Band 71 paired with simultaneous downlink in the uppermost edge of Band 2 could be impacted.  Moreover, due to the guard bands inherent in the definition of the transmission bandwidth configuration for LTE and NR, there may not be any direct overlap at all.  However, there may still be some effect due to spectral spreading of the third harmonic even if direct overlap is averted.  

Another potential mechanism for harmonic interference is mixing of the uplink in Band 2 with the third harmonic of the Rx LO.  In this case, the frequency range impacted is much larger.  The third harmonic of Rx extends from 1851 to 1956 MHz while the uplink in Band 2 ranges from 1850 to 1910 MHz.  Therefore, there is nearly complete overlap between these two ranges.  Depending upon the particular frequency assignments and allocation of PRB’s for uplink within Band 2 and downlink within Band n71, there may be interference from this mechanism.  

When 2UL inter-band 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.x.3-2 lists if up to 3rd order harmonics and IMD up to 5th order falls into one of these receiving bands.
Table 6.x.3-2: 2UL Band 2 +Band n71 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
	Yes
	
	IMD5

	GPS
	1563
	-
	1587
	No
	
	

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	Yes
	US/Europe
	IMD4

	
	2400
	-
	2494
	Yes
	Asia
	IMD4

	ISM band
 (5GHz)
	5150
	-
	5925
	Yes
	US
	H3,

IMD4, 5

	
	5150
	-
	5350
	Yes
	Europe
	IMD4

	
	5470
	-
	5725
	Yes
	
	H3, IMD4, 5

	
	5150
	-
	5825
	Yes
	Asia
	H3,

IMD4, 5


Table 6.x.3-3 lists the protected bands required for the dual connectivity configuration.

Table 6.x.3-3: Protected bands for the dual connectivity configuration

	E-UTRA and NR DC Configuration
	Spurious emission 

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

	DC_2A-n71A
	E-UTRA Band 4, 5, 12, 13, 14, 17, 24, 26, 29, 30, 48, 66
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 2, 25, 41, 70
	FDL_low
	-
	FDL_high
	-50
	1
	1

	
	NR Band n71
	FDL_low
	-
	FDL_high
	-50
	1
	2

	Note 1 : As exceptions, measurements with a level up to the applicable requirements defined in Table 6.x.3-3 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 (2MHz + N x LCRB x 180kHz), 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 2: These requirements also apply for the frequency ranges that are less than FOOB (MHz) in Table 6.x.3-3 and [Table x.x.x.x-x] from the edge of the channel bandwidth.




Note: To simplify Table 6.x.3-3, E-UTRA band numbers are listed for bands which are specified only for E-UTRA operation. NR band numbers are listed for bands which are specified only for NR operation or both E-UTRA and NR operation

6.x.4
∆TIB and ∆RIB values
For DC_2A-n71A, the (TIB,c and (RIB values are reused from LTE CA_2A-71A and given in the tables below.
Table 6.x.4-1: ΔTIB,c
	Inter-band DC Configuration
	E-UTRA and NR Band
	ΔTIB,c [dB]

	DC_2A-n71A
	2
	0.3

	
	n71
	0.3


Table 6.x.4-2: ΔRIB 

	Inter-band DC Configuration
	E-UTRA and NR Band
	ΔRIB [dB]

	DC_2A-n71A
	2
	0

	
	n71
	0


6.x.5
MSD
MSD due to harmonics affects both Band 2 and Band n71.  When there is uplink on low frequency channels of Band n71, its third harmonic and regrowth reach the uppermost downlink channel in Band 2.  When there is uplink on Band 2, the third harmonic of Rx LO in Band n71 mixes with the uplink and generates harmonic interference in Band n71 Rx.
6.x.5.1
Band 2 MSD
The MSD from LTE CA_2A-71A is reused for this DC combination.  Although the NR spectrum utilization in Band n71 is larger than the LTE spectrum utilization in Band 71, the worst case interference mechanism is expected to be single RB transmissions.  The harmonic noise from single RB transmissions in Band n71 is not expected to increase due to the higher spectrum utilization.
Table 6.x.5.1-1.  Summary of MSD for all aggressor and victim bandwidths

	Band n71 CBW
	Band 2 CBW
	MSD

	5
	5
	4.6

	5
	10
	1.0

	5
	15
	0.6

	5
	20
	0.5

	10
	5
	1.2

	10
	10
	1.0

	10
	15
	0.7

	10
	20
	0.6

	15
	5
	1.1

	15
	10
	0.6

	15
	15
	0.7

	15
	20
	0.6

	20
	5
	1.2

	20
	10
	0.6

	20
	15
	0.4

	20
	20
	0.6


The reference sensitivity can be defined as follows where the maximum MSD for a given Band 2 channel bandwidth is applied.  The 5 MHz channel bandwidth requires an amendment when the Band n71 Tx bandwidth is also 5 MHz since the MSD is significantly larger for this case.  Also, it is noted that the MSD only applies when the channels are located in proximity of  the lower edge of Band n71 and the upper edge of Band 2.
Table 6.x.5.1-2: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA (exceptions due to harmonic issue)
	Channel bandwidth

	EN-DC Configuration
	EUTRA and NR band
	SCS (kHz)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex mode

	DC_2A-n71AX
	2
	15
	-93.4
	-94
	-92.5
	-91.4
	FDD

	
	n71
	15
	[-97.2]
	[-94.0]
	[-91.6]
	[-86.0]
	

	DC_2A-n71AY
	2
	15
	-96.8
	-94
	-92.5
	-91.4
	FDD

	
	n71
	15
	[-97.2]
	[-94.0]
	[-91.6]
	[-86.0]
	

	NOTE X:
These requirements apply when the lower edge frequency of the 5 MHz uplink channel in Band 71 is located at or below 668 MHz and the downlink channel in Band 2 is located with its upper edge at 1990 MHz.

NOTE Y:
These requirements apply when the lower edge frequency of the 10 MHz, 15 MHz, or 20 MHz uplink channel in Band 71 is located at or below 668 MHz and the downlink channel in Band 2 is located with its upper edge at 1990 MHz.




Table 6.x.5.1-3: Uplink configuration for the low band (exceptions due to harmonic issue)

	E-UTRA Band / Channel bandwidth of the high band / NRB / Duplex mode

	EN-DC Configuration
	UL band
	SCS (kHz)
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex mode

	DC_2A-n71A
	n71
	15
	25
	251
	201
	201
	FDD

	NOTE 1:
1 refers to the UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1). 


6.x.5.2
Band n71 MSD
The reference sensitivity of Band n71 is reused from Band 71 in LTE CA_2A-71A.  Although the NR spectrum utilization in Band n71 is larger than the LTE spectrum utilization in Band 71, the reference sensitivity of Band n71 is dominated by the harmonic mixing noise greater than .  Therefore, the slight increase in thermal noise and Tx noise due to higher spectrum utilization in Band n71 is insignificant in comparison.  
Table 6.x.5.2-1: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA (exceptions due to harmonic issue)
	Channel bandwidth

	EN-DC Configuration
	EUTRA and NR band
	SCS (kHz)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex mode

	DC_2A-n71AX,Y
	2
	15
	-98
	-95
	-93.2
	-92
	FDD

	
	n71
	15
	-70.4
	-70.4
	-70.4
	-70.4
	

	NOTE X: These requirements apply when there is at least one individual RE within the downlink transmission bandwidth of the victim (lower) band for which the 3rd harmonic is within the uplink transmission bandwidth or the uplink adjacent channel’s transmission bandwidth of an aggressor (higher) band.

NOTE Y: The requirements should be verified for UL EARFCN of the aggressor (higher) band (superscript HB) such that 
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