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[bookmark: foreword][bookmark: _Toc47739599]Foreword
[bookmark: spectype3]This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
In the present document, modal verbs have the following meanings:
shall		indicates a mandatory requirement to do something
shall not	indicates an interdiction (prohibition) to do something
The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.
should		indicates a recommendation to do something
should not	indicates a recommendation not to do something
may		indicates permission to do something
need not	indicates permission not to do something
The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.
can		indicates that something is possible
cannot		indicates that something is impossible
The constructions "can" and "cannot" are not substitutes for "may" and "need not".
will		indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
will not		indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
might	indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
might not	indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
In addition:
is	(or any other verb in the indicative mood) indicates a statement of fact
is not	(or any other negative verb in the indicative mood) indicates a statement of fact
[bookmark: introduction]The constructions "is" and "is not" do not indicate requirements.
[bookmark: scope][bookmark: _Toc47739600]
1	Scope
The present document is a technical report for Dual Connectivity (DC) of 1 LTE band (1DL/1UL) and 1 NR band (1DL/1UL) under Rel-17 time frame.
The purpose is to gather the relevant background information and studies in order to address Dual Connectivity (DC) of 1 LTE band (1DL/1UL) and 1 NR band (1DL/1UL) for the Rel-17 band combinations in Table 1-1, 1-2, 1-3 and 1-4, including EN-DC and NE-DC combinations. The actual requirements are added to the corresponding technical specifications.
Table 1-1: Release 17 EN-DC of 1 LTE band (1DL/1UL) and 1 NR band (1DL/1UL) within FR1
	DC combination
	Uplink EN-DC configuration

	
	


Table 1-2: Release 17 EN-DC of 1 LTE band (1DL/1UL) and 1 NR band (1DL/1UL) including FR2
	DC combination
	Uplink EN-DC configuration

	
	


Table 1-3: Release 17 NE-DC of 1 LTE band (1DL/1UL) and 1 NR band (1DL/1UL) within FR1
	DC combination
	Uplink NE-DC configuration

	
	


Table 1-4: Release 17 NE-DC of 1 LTE band (1DL/1UL) and 1 NR band (1DL/1UL) including FR2
	DC combination
	Uplink NE-DC configuration

	
	



[bookmark: references][bookmark: _Toc47739601]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
…
[x]	<doctype> <#>[ ([up to and including]{yyyy[-mm]|V<a[.b[.c]]>}[onwards])]: "<Title>".
[bookmark: definitions][bookmark: _Toc47739602]3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc47739603]3.1	Terms
For the purposes of the present document, the terms given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
example: text used to clarify abstract rules by applying them literally.
[bookmark: _Toc47739604]3.2	Symbols
For the purposes of the present document, the following symbols apply:
<symbol>	<Explanation>

[bookmark: _Toc47739605]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
<ABBREVIATION>	<Expansion>

[bookmark: clause4][bookmark: _Toc47739606]4	Background
The present document is a technical report for Dual Connectivity (DC) of 1 LTE band  and 1 NR band under Rel-17 timeframe. The document covers each band combination specific issues (i.e. one sub-clause defined per band combination)

[bookmark: _Toc47739607]4.1	TR Maintenance
A single company is responsible for introducing all approved TPs in the current TR, i.e. TR editor. However, it is the responsibility of the contact person of each band combination to ensure that the TPs related to the band combination have been implemented.
[bookmark: tsgNames][bookmark: _Toc47739608]5	DC of 1 LTE band (1DL/1UL) and 1 NR band (1DL/1UL): General Part
[bookmark: _Toc518368621][bookmark: _Toc42512439][bookmark: _Toc47739609]5.1 	Maximum Sensitivity Degradation (MSD) analysis
[bookmark: _Toc42512440][bookmark: _Toc47739610]5.1.1	 Inter-band EN-DC/NE-DC within FR1
For each inter-band EN-DC/NE-DC band combination, sensitivity degradation is allowed for a band if it is impacted by UL harmonic interference, harmonic mixing, cross band isolation, and intermodulation interference from another band part of the same DC configuration. For 2UL inter-band DC, the harmonic and IMD products can be calculated by the formula shown in Table 5.1.1-1. 
Table 5.1.1-1: Formulation for Harmonics and IMD products
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

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

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

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

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

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

	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|

	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|

	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|

	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|

	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|

	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|

	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|

	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|

	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|



Note that, for each DC band combination, MSD table shall be provided for interference that requires sensivity degradation for an Rx band according to the same manner as specified in section 7.3B in TS 38.101-3.
[bookmark: _Toc42512441][bookmark: _Toc47739611]5.1.2	 Inter-band EN-DC/NE-DC including FR2
For each inter-band EN-DC/NE-DC band combination, sensitivity degradation is allowed for a band if it is impacted by UL harmonic interference from another band part of the same DC configuration. Note that for each DC band combination in section 6, MSD table shall be provided for interference that requires sensivity degradation for a Rx band according to the same mannter as specified in section 7.3B in TS 38.101-3.
[bookmark: _Toc42512442][bookmark: _Toc47739612]5.2 	Interference analysis for other system
When 2UL inter-band EN-DC/NE-DC UE is operating with other systems such as Wi-Fi, Bluetooth and GNSS system, the harmonics and intermodulation products can have impact on these systems shown in Table 5.2-1. 
Table 5.2-1: Harmonic and IMD for ISM and GNSS bands
	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Harmonic/IMD

	COMPASS
(Beidou)
	1559
	-
	1591
	
	
	

	Galileo
	1559
	-
	1591
	
	
	

	GLONASS
	1591
	-
	1610
	
	
	

	GPS
	1563
	-
	1587
	
	
	

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

	
	2400
	-
	2494
	
	Asia
	

	ISM band
 (5GHz)
	5150
	-
	5925
	
	US
	

	
	5150
	-
	5350
	
	Europe
	

	
	5470
	-
	5725
	
	
	

	
	5150
	-
	5825
	
	Asia
	


To mitigate the impact of interference to other system is implementation dependent, thus it is optionl in section 6 for each DC band combination.
[bookmark: _Toc42512443][bookmark: _Toc47739613]5.3 	Spurious emission band UE co-existence for EN-DC/NE-DC
Table 5.3-1 specifies the requirements for the specified EN-DC configurations for coexistence with protected bands. 
Table 5.3-1: Spurious emissions for uplink inter-band EN-DC (two bands)
	EN-DC Configuration
	Spurious emission 

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

	DC_XA_nYA
	E-UTRA Band xx, yy, zz
NR band aa, bb, cc
	FDL_low
	-
	FDL_high
	-50
	1
	

	NOTE1: The protected E-UTRA/NR bands are the common set of the protected bands for the constituted bands.



Note that for the NE-DC configurations that have a corresponding specified EN-DC configuration, the requirements in the Table 6.5B.3.3.2-1 of TS 38.101-3 apply on each component carrier with all component carriers are active.

[bookmark: _Toc42512444][bookmark: _Toc47739614]5.4 	Handling of Band specific requirements for inter-band EN-DC including FR2
Unless otherwise stated, for inter-band EN-DC configurations including FR2, there are no additional requirements of spurious emission band UE co-existence, MSD analysis, and ∆TIB and ∆RIB values.
· For spurious emission band UE co-existence, no requirements for FR2 NR bands to protect E-UTRA and FR1 NR bands are applied to the constituent FR2 NR bands. Spurious emission band UE co-existence requirements specified in TS 36.101 are applied to the constituent E-UTRA bands for the EN-DC configuration.
· For spurious emission band UE co-existence table, although the requirements are specified, it seems that they are not testable under the condition RAN4 originally expected. In addition, the impact of the harmonics and IMD issues between bands below 6GHz and bands above 24.25GHz inside UEs had been ignored. Hence at least the co-existence between bands below 6GHz and bands above 24.25GHz should not have any issues if the assumption that no impact of harmonic and IMD on co-existence between FR1 and FR2 is right.
· MSD for E-UTRA and FR2 NR bands of inter-band DC combinations is set to N/A.
· ΔTIB,c and ΔRIB,c for E-UTRA and FR2 NR bands of inter-band EN-DC combinations is set to zero.
[bookmark: _Toc518368622][bookmark: _Toc42512445][bookmark: _Toc47739615]6	DC of 1 LTE band (1DL/1UL) and 1 NR band: Specific Band Combination Part
[bookmark: _Toc42512446][bookmark: _Toc47739616]6.1	Inter-band DC within FR1
[bookmark: _Toc494295560][bookmark: _Toc495923660][bookmark: _Toc500344913][bookmark: _Toc507677786][bookmark: _Toc512349564][bookmark: _Toc42512447][bookmark: _Toc47739617]6.1.1	DC_X_nY
[bookmark: _Toc494295561][bookmark: _Toc495923661][bookmark: _Toc500344914][bookmark: _Toc507677787][bookmark: _Toc512349565]6.1.1.1	Configuration for DC
< Editor’s note: Note that for the NE-DC combinations, please use the format of Table 5.5B.4a.1-1: Inter-band NE-DC configurations within FR1 (two bands) in TS 38.101-3>
Table 6.1.1.1-1:  Inter-band EN-DC configurations within FR1 (two bands)
	[bookmark: _Hlk516090533]EN-DC
configuration
	Uplink EN-DC
configuration
	Single UL allowed

	DC_XA_nYA
	DC_XA_nYA
	

	NOTE X:


< Editor’s note: Please use the same NOTE numbering as in TS 38.101-3.>
[bookmark: _Toc520808396]6.1.1.2	Maximum output power for DC
< Editor’s note: Note that for the NE-DC combinations, please use the format of Table 6.2B.1.3a-1: Maximum output power for inter-band NE-DC (two bands) in TS 38.101-3>
< Editor’s note: Note that the DC configurations in the following table should be the supported Uplink EN-DC configurations. >
Table 6.1.1.2-1: Maximum output power for inter-band EN-DC (two bands)
	DC configuration
	Power class 3
(dBm)
	Tolerance
(dB)

	DC_XA_nYA
	23
	+2/-3



6.1.1.3	Spurious emission band UE co-existence for DC
< Editor’s note: Note that for the NE-DC configurations that have a corresponding specified EN-DC configuration, the requirements in the Table 6.5B.3.3.2-1 of TS 38.101-3 apply on each component carrier with all component carriers are active. >
Table 6.1.1.3-1: 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_X_nY
	E-UTRA Band xx, yy, zz
	
	
	
	
	
	

	
	NR band aa, bb, cc
	
	
	
	
	
	

	NOTE X:	


< Editor’s note: Please use the same NOTE numbering as in TS 38.101-3.>
[bookmark: _Toc494295563][bookmark: _Toc495923663][bookmark: _Toc500344916][bookmark: _Toc507677789][bookmark: _Toc512349567]6.1.1.4	MSD analysis for DC
< Editor’s note: for the MSD table of UL harmonic interference, harmonic mixing, cross band isolation and IMD, please use the same table format as in TS 38.101-3>

[bookmark: _Toc494295564][bookmark: _Toc495923664][bookmark: _Toc500344917][bookmark: _Toc507677790][bookmark: _Toc512349568]6.1.1.5	∆TIB and ∆RIB values

Table 6.1.1.5-1: ΔTIB,c
	Inter-band DC Configuration
	E-UTRA and NR Band
	ΔTIB,c [dB]

	DC_X_nY
	X
	

	
	nY
	



Table 6.1.1.5-2: ΔRIB,c
	Inter-band DC Configuration
	E-UTRA and NR Band
	ΔRIB [dB]

	DC_X_nY
	X
	

	
	nY
	



6.1.1.6		Self-interference analysis
< Editor’s note: this section is optional. >



[bookmark: _Toc47739618]6.2	Inter-band DC including FR2
< Editor’s note: Note that based on the agreement in RAN4#95-e (R4-2008931), it is allowed to propose configurations for EN-DC including FR2 with one draft CR. >
[bookmark: _Toc47739619]6.2.1	DC_X_nY
6.2.1.1	Configuration for DC
Table 6.2.1.1-1:  Inter-band EN-DC configurations including FR2 (two bands)
	EN-DC
configuration
	Uplink EN-DC
configuration

	DC_XA_nYA
	 DC_XA_nYA



6.2.1.2	Spurious emission band UE co-existence for DC
< Editor’s note: this section is optional. >

6.2.1.3	MSD analysis for DC
< Editor’s note: this section is optional. >

6.2.1.4	∆TIB and ∆RIB values
< Editor’s note: this section is optional. >



[bookmark: _Toc42512604][bookmark: _Toc47739620]6.3	Intra-band contiguous DC
[bookmark: _Toc42512610][bookmark: _Toc47739621]6.3.1	DC_(n)X
6.3.1.1	Channel bandwidths per operating band for DC
Table 6.3.1.1-1: Supported channel bandwidths per DC configuration
	
	
	E-UTRA – NR configuration / Bandwidth combination set

	Downlink
EN-DC configuration
	Uplink EN-DC configurations
	Component carriers in order of increasing carrier frequency
	Maximum aggregated 
bandwidth (MHz)
	BCS

	
	
	Channel bandwidths for E-UTRA carrier (MHz)
	Channel bandwidths NR for carrier (MHz)
	Channel bandwidths for E-UTRA carrier (MHz)
	
	

	DC_(n)XAA
	DC_(n)XAA
	
	
	
	
	

	
	
	
	
	
	
	

	NOTE X:



6.3.1.2	Configuration for DC
Table 6.3.1.1-2:  Intra-band contiguous EN-DC configurations
	[bookmark: _Hlk515953743]EN-DC
configuration
	Uplink EN-DC
configuration
	Single UL allowed

	DC_(n)XAA
	 DC_(n)XAA
	

	NOTE X: 


< Editor’s note: Please use the same NOTE numbering as in TS 38.101-3.>
6.3.1.3	Maximum output power for DC
Table 6.3.1.3-1: Maximum output power for EN-DC (continuous sub-blocks)
	EN-DC configuration
	Power class 3
(dBm)
	Tolerance
(dB)

	DC_(n)XAA1
	23
	+2/-3

	NOTE X:



6.3.1.4	Spurious emission band UE co-existence for DC
<Text will be added.>
6.3.1.5	MSD analysis for DC
<Text will be added.>
6.3.1.6	MPR, AMPR requirements
<Text will be added.>




[bookmark: _Toc42512609][bookmark: _Toc47739622]6.4	Intra-band non-contiguous DC
[bookmark: _Toc47739623]6.4.1	DC_X_nX
6.4.1.1	Channel bandwidths per operating band for DC
Table 6.4.1.1-1: Supported channel bandwidths per DC configuration
	
	
	E-UTRA – NR configuration / Bandwidth combination set

	Downlink
EN-DC configuration
	Uplink EN-DC configurations
	[bookmark: _GoBack]Component carriers in order of increasing carrier frequency
	Maximum aggregated 
bandwidth (MHz)
	BCS

	
	
	Channel bandwidths for E-UTRA carrier (MHz)
	Channel bandwidths NR for carrier (MHz)
	Channel bandwidths for E-UTRA carrier (MHz)
	
	

	DC_XA_nXA
	DC_XA_nXA
	
	
	
	
	

	
	
	
	
	
	
	

	NOTE X:


< Editor’s note: Please use the same NOTE numbering as in TS 38.101-3.>
6.4.1.2	Configuration for DC
Table 6.4.1.2-1:  Intra-band non-contiguous EN-DC configurations
	EN-DC
configuration
	Uplink EN-DC
configuration
	Single UL allowed

	DC_XA_nXA
	DC_XA_nXA
	

	NOTE X: 


< Editor’s note: Please use the same NOTE numbering as in TS 38.101-3.>
6.4.1.3	Maximum output power for DC
Table 6.4.1.3-1: Maximum output power for EN-DC (non-continuous sub-blocks)
	EN-DC configuration
	Power class 3
(dBm)
	Tolerance
(dB)

	DC_XA_nXA
	23
	+2/-3

	NOTE X:


< Editor’s note: Please use the same NOTE numbering as in TS 38.101-3.>
6.4.1.4	Spurious emission band UE co-existence for DC
<Text will be added.>

6.4.1.5	MSD analysis for DC
<Text will be added.>

6.4.1.6	∆RIBNC values
<Text will be added.>

6.4.1.7	MPR, AMPR requirements
<Text will be added.>

[bookmark: _Toc47739624]Annex A (informative): Change history
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