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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: _GoBack]Introduction & Background
In RAN1 NR AH meeting in January 2017, it is agreed that LTE-NR co-existence should support UL sharing scenarios for both standalone NR and non-standalone NR (Dual connectivity of LTE and NR) [1].  
Agreements:
· LTE-NR co-existence should support the following UL sharing scenarios:
· Collocated LTE and NR base stations with network operating UL on frequency F1 where LTE UL and NR UL share UL subframes of LTE
· Detailed sharing on the UL is FFS
· Note: this is not intended to have impact on legacy LTE UEs
· LTE DL on a paired frequency F3
· NR DL transmission on frequency F2 (different than LTE DL frequency)
· NR UE operates in either of the following cases based on a common NR design:
· Standalone NR: UE accesses standalone NR carrier on F2. The UE may not be connected to an LTE carrier (some UE may not even support LTE). 
· FFS whether NR UL frequency F1 is signaled in NR broadcast system information or derived from MIB/PBCH, or implicitly from NR DL frequency F2
· Dual connectivity of LTE and NR: UE accesses LTE PCell (with LTE UL on F1), then is configured by dual connectivity to also operate NR on F1 (UL) and F2 (DL).
· NR DL and UL frequencies (and/or NR band number) are signaled by RRC
· Non-collocated LTE and NR base stations is FFS

In RAN 4 meeting, the following frequency ranges to be defined for LTE-NR coexistence with UL sharing are agreed [2].
Agreements:
· The following Frequency ranges are to be defined for LTE-NR coexistence with UL sharing
[image: ]
–*: The exact frequency range around 3.5GHz may be revised during R15 NR WI
–Note: The LTE-NR dual connectivity UE RF requirements with the same frequency ranges can be reused as the starting point for the above NR paired band. 
In [3], a good qualitative analysis for both harmonic and intermodulation for LTE/NR band combinations is given. In this contribution, we give scenarios and quantitative analysis for the power level of harmonic and intermodulation together with some potential solutions.
2. Interference analysis
2.1. Harmonic interference
Band 3 (1710-1785MHz for UL and 1805-1880MHz for DL) and Band 42 (3.4-3.6GHz for UL&DL) are considered to analyse the harmonics and intermodulation in this contribution. For simplicity, 1.8GHz is used to represent Band 3 and 3.5GHz is used to represent Band 42. Many orders of harmonics exist and the 2nd order harmonics is the main contributor. There are two scenarios which could generate the 2nd order harmonics. One is dual connectivity (DC) of LTE and NR (Figure 1).  Another is the standalone NR in Figure 2. In both scenarios, the 2nd order harmonics of 1.8GHz UL will fall into DL Rx of 3.5GHz. As shown in Table 1, 3420-3570MHz DL frequency ranges will be impacted by the 2nd order harmonics assuming Band 3 and Band 42 combinations.



Figure 1. 2nd order Harmonics impact for DC of LTE and NR



Figure 2. 2nd order Harmonics impact for standalone NR


Table 1: Impacted frequency ranges for 2nd order harmonics
	
	UL (f1, MHz）
	DL where the 2nd order harmonics falls in(2*f1, MHz)

	Frequency ranges
	1710-1785
	3420-3570



This contribution investigates the 2nd order harmonics for DC of LTE and NR scenario (Figure 1). The analysis of power level of the 2nd order harmonics is given in Annex assuming 2 RF architectures for LTE-NR DC. The worst power level for 2nd order harmonics is around -46 ~ -41.5dBm. The DL reference sensitivity of LTE is about -93.5dBm without harmonics impact. Therefore the 2nd order harmonics is much higher than the sensitivity. 
Observation 1: The 2nd order harmonics from Band 3 UL will cause great sensitivity degradation in Band 42 DL.
It is noted that Band 3 and Band 42 CA is supported in LTE [4]. There is great sensitivity degradation due to harmonics impact, as shown in Table 7.3.1A-5 in [4]. Compared with scenarios without harmonics impact, the sensitivity degradation is more than 20dB.
Table 7.3.1A-5: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA (exceptions due to harmonic issues in the combinations of intra-band and inter-band CA)
	Channel bandwidth

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex mode

	CA_3A-42C8,9
	3
	
	
	-96.8
	-93.8
	-92
	-90.8
	FDD

	
	
	
	
	-99.511
	-96.511
	-94.711
	-93.511
	

	
	42
	
	
	-71.7
	-71.7
	-71.7
	-71.7
	TDD

	CA_3A-42C10
	3
	
	
	-96.8
	-93.8
	-92
	-90.8
	FDD

	
	
	
	
	-99.511
	-96.511
	-94.711
	-93.511
	

	
	42
	
	
	-97.1
	-94.7
	-93.2
	-92.5
	TDD


NOTE 8:	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 CA_3A-42C, CA_1A-3A-19A-42C, CA_1A-3A-21A-42C, CA_1A-3A-42C, CA_3A-28A-42C, CA_3A-19A-42C, CA_3A-28A-41A-42C and CA_3A-28A-41C-42A.


NOTE 9:	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 10:	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.
NOTE 11:	Applicable only if operation with 4 antenna ports is supported in the band with carrier aggregation configured. 

2.2. Intermodulation interference
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Many orders of intermodulation interference including 2nd, 4th and 5th order IMD exist which may fall into DL band. The 2nd order IMD and its impact is analysed in this contribution as an example. There are three scenarios which could generate the 2nd order intermodulation interference. Both Figure 3 and 4 are DC of LTE and NR. The difference is that in Figure 3, 3.5GHz is used for NR UL but in Figure 4, both 3.5GHz and 1.8GHz are used for NR UL. Another scenario is NR CA (3.5GHz TDD+1.8GHz FDD) in Figure 5. In all three scenarios, the 2nd order intermodulation from 1.8GHz UL and 3.5GHz UL will fall into DL Rx of 1.8GHz. 
 According to Table 2, 1615-1890MHz DL frequency range is impacted by the 2nd order intermodulation.



Figure 3. 2nd order intermodulation impact for DC of LTE and NR (Mode 1)



Figure 4. 2nd order intermodulation impact for DC of LTE and NR (Mode 2)


Figure 5. 2nd order intermodulation impact for NR CA (3.5GHz TDD+1.8GHz FDD)

Table 2: Frequency ranges for the 2nd order intermodulation
	
	UL(f1,MHz）
	UL (f2, MHz）
	DL where IMD2 falls in (f1-f2, MHz)

	Frequency ranges
	3400-3600
	1710-1785
	1615-1890



This contribution investigates the 2nd order intermodulation for DC of LTE and NR scenario (Figure 3). The calculation methodology for intermodulation is much more complicated than the method for harmonics. In this contribution we only give the calculation results of intermodulation power level. According to our calculation, the worst power level for 2nd order intermodulation is around -73.5dBm for RF architecture 1 (shown in Annex) and -93.5dBm for RF architecture 2 (also shown in Annex), respectively. The DL reference sensitivity of LTE is about -93.5dBm without intermodulation impact. It is noted that the 2nd order intermodulation for RF architecture 1 is about 20dB higher than sensitivity and the 2nd order intermodulation for RF architecture 2 is similar to sensitivity. 
Observation 2: The power level of 2nd order intermodulation caused by simultaneous Band 3 UL and Band 42 UL transmissions (e.g., in LTE-NR DC) is comparable to and even greater than reference sensitivity in Band 3 DL.
This contribution gives quantitative analysis for the power level of 2nd harmonic and 2nd intermodulation for Band 3 and Band 42 combinations. Other orders of harmonic and intermodulation for the above and the other band combinations need to be carefully investigated including quantitative analysis for their power level by e.g., RAN4.
Proposal 1: Harmonic and intermodulation for NR related band combinations need to be carefully investigated including quantitative analysis for their power level.
2.3. Potential solutions
Some potential solutions need to be investigated to handle the harmonic and intermodulation issues.
First, some implementation methods could be used including to decrease the UE Tx power, to lower the DL MCS level, to increase DL Tx power to compensate the sensitivity degradation, or to schedule to avoid interference issues, etc. But those methods are at the cost of system performance degradation.
Second, solutions on RF design could be considered. Filters can be used to minimize the interference impact, for example, a filter can be deployed after the PA in the RF architecture to minimize the 2nd order harmonic. But the cost and their impact to RF design should be taken into account. 
Third, if implementation and RF design are still not enough to deal with the interference impact, specification related solutions at least in RAN1, RAN2 and RAN4 could be considered. Intermodulation and harmonics isolation can be regarded as Band-combination-specific UE capability.  This capability is determined by the UE RF design and RF performance. UE can report this kind of capability (e.g., UE Rx sensitivity degradation for a specific NR related band combination) to gNB. This capability can be inspected before UE leaves the factory, or can be measured when UE accesses the network (e.g., gNB configures UE to generate intermodulation and harmonics and to measure the interference isolation capability). A minimum performance requirement for this capability can be defined, e.g., by RAN4. After receiving UE’s capability, if the reported capability doesn’t fulfil the minimum requirement, gNB/network can coordinate or avoid intermodulation and harmonics impact by TDM method, e.g., by the signalling between gNB and eNB to avoid simultaneous Tx/Rx. For the 2nd order intermodulation, the three links including LTE UL, NR UL and LTE DL should not be activated simultaneously, i.e., at most 2 among the 3 links can be activated simultaneously. For the 2nd order harmonics, LTE UL and NR DL should not be activated simultaneously, i.e., LTE UL and NR DL should be switched in a TDM fashion.
Proposal 2: If impact from harmonic and intermodulation for NR related band combinations cannot be ignored, solutions of implementation, RF design and also specifications need to be considered to handle these interference.
3. Conclusion
In this contribution, we give the scenarios and preliminary quantitative analysis for the power level of harmonic and intermodulation.
Observation 1: The 2nd order harmonics from Band 3 UL will cause great sensitivity degradation in Band 42 DL.
Observation 2: The power level of 2nd order intermodulation caused by simultaneous Band 3 UL and Band 42 UL transmissions (e.g., LTE-NR DC) is comparable to and even greater than reference sensitivity in Band 3 DL.
Based on the above observations, 
Proposal 1: Harmonic and intermodulation for NR related band combinations need to be carefully investigated including quantitative analysis for their power level.
Proposal 2: If impact from harmonic and intermodulation for NR related band combinations cannot be ignored, solutions of implementation, RF design and also specifications need to be considered to handle these interference.
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Annex A. 2nd order harmonics analysis
A.1 Harmonics analysis for RF Architecture 1 for DC of LTE and NR

    
Figure 6. RF Architecture 1 for DC of LTE and NR

The impact of 2nd order harmonics for RF Architecture 1 is illustrated in Figure 7 below. Harmonics comes from PA of 1.8GHz and finally impact LNA of 3.5GHz after a route (the red dashed line). According the calculation method in Table 3, the worst value of 2nd order harmonics power level out of quplexer is -43dBm, which is equivalent to -41.5 dBm at Rx antenna.



Figure 7. Illustration of harmonics impact of RF Architecture 1

Table 3 : The calculation of 2nd order harmonics*
	
	2nd order harmonics power level out of PA (A)
	Isolation to harmonics by Matching (B)
	Isolation to harmonics by quplexer (C)
	2nd order harmonics power level out of quplexer (D = A-B-C)
	Insertion loss of antenna switch (E)
	2nd order harmonics power level at Rx antenna (F=D+E)

	Power/isolation (dBm/dB)
	-7
	3
	33
	-43
	1.5
	-41.5


Note*: The value in this table is according to the performance requirements of the related device or components.


A.2 Harmonics analysis for RF Architecture 2 for DC of LTE and NR


Figure 8. RF Architecture 2 for DC of LTE and NR

The impact of 2nd order harmonics for RF Architecture 2 is illustrated in Figure 9. Harmonics comes from PA of 1.8GHz and finally impact LNA of 3.5GHz after a route (the red dashed line). According the calculation method in Table 3, the worst value of 2nd order harmonics power level at Rx antenna is -46 dBm.



Figure 9. Illustration of harmonics impact of RF Architecture 2


Table 4 : The calculation of 2nd order harmonics*
	
	2nd order harmonics power level out of PA (A)
	Isolation to harmonics by Matching (B)
	Isolation to harmonics by duplexer (C)
	Isolation between the two antenna (D)
	Insertion loss of antenna switch 2 (E)
	2nd order harmonics power level at Rx antenna (F=A-B-C-D-E)

	Power/isolation (dBm/dB)
	-7
	3
	15
	20
	1
	-46


Note*: The value in this table is according to the performance requirements of the related device or components.
1/9
image4.emf
LTE eNB

UE

NR gNB

1.8GHz DL

1.8GHz UL

3.5GHz UL

3.5GHz DL

Interfered 

signal

Interfering 

signal


Microsoft_Visio_2003-2010___1.vsd
�

�

�

�

�

�

�

�

�

�

拖动侧边手柄更改文本块的宽度。�

�

�

�

�

�


image5.emf
UE

NR gNB

1.8GHz 

and/or 

3.5GHz UL

3.5GHz DL

Interfered 

signal

Interfering 

signal


Microsoft_Visio_2003-2010___2.vsd
�

�

�

�

�

�

�

�

�

�

拖动侧边手柄更改文本块的宽度。�

�

�

�

�

�


image6.wmf
ë

û

1

.

0

2

.

0

/

HB

DL

LB

UL

f

f

=


oleObject1.bin

image7.wmf
__

/2/2

LBLBLBLBLB

ULlowChannelULULhighChannel

FBWfFBW

+££-


oleObject2.bin

image8.wmf
HB

DL

f


image9.wmf
LB

Channel

BW


image10.wmf
(

)

2

/

20

HB

Channel

BW

+

±


oleObject3.bin

image11.wmf
LB

UL

f

2


oleObject4.bin

oleObject5.bin

image12.wmf
HB

Channel

BW


oleObject6.bin

image13.emf
LTE eNB

UE

NR gNB

1.8GHz DL

1.8GHz UL

3.5GHz UL

3.5GHz DL

Interfered 

signal

Interfering 

signal


Microsoft_Visio_2003-2010___3.vsd
�

�

�

�

�

�

�

�

�

�

拖动侧边手柄更改文本块的宽度。�

�

�

�

�

�


image14.emf
LTE eNB

UE

NR gNB

1.8GHz DL

1.8GHz UL

3.5GHz 

and 

1.8GHz UL

3.5GHz DL

Interfered 

signal

Interfering 

signal


Microsoft_Visio_2003-2010___4.vsd
�

�

�

�

�

�

�

�

�

�

拖动侧边手柄更改文本块的宽度。�

�

�

�

�

�


image15.emf
UE

NR gNB

1.8GHz DL

1.8GHz UL

3.5GHz UL

3.5GHz DL

Interfered 

signal

Interfering 

signal


Microsoft_Visio_2003-2010___5.vsd
�

�

�

�

�

�

�

�

�

�

拖动侧边手柄更改文本块的宽度。�

�

�

�

�

�


image16.emf
Transceiver

Antenna switch

Matching

LNA

LNA

Matching

PA

Matching

PA

Matching

3.5GHZ NR UL

1.8GHZ LTE UL

1.8GHZ LTE DL

3.5GHZ NR DL

Quplexer


Microsoft_Visio_2003-2010___6.vsd
PA


LNA


Transceiver


PA


Matching


Matching


Antenna switch


Quplexer


Matching


Matching


LNA


3.5GHZ NR UL


1.8GHZ LTE UL


1.8GHZ LTE DL


3.5GHZ NR DL



image17.emf
Transceiver

Antenna switch

Matching

LNA

LNA

Matching

PA

Matching

PA

Matching

3.5GHZ NR UL

1.8GHZ LTE UL

1.8GHZ LTE DL

3.5GHZ NR DL

Quplexer


Microsoft_Visio_2003-2010___7.vsd
PA


LNA


Transceiver


PA


Matching


Matching


Antenna switch


Quplexer


Matching


Matching


LNA


3.5GHZ NR UL


1.8GHZ LTE UL


1.8GHZ LTE DL


3.5GHZ NR DL



image18.emf
Transceiver

Antenna switch 

1

PA

Matching

3.5GHZ NR UL

Matching

LNA

3.5GHZ NR DL

LNA

Matching

1.8GHZ LTE DL

PA

Matching

1.8GHZ LTE UL Antenna switch 

2

Duplexer Matching

Fliter

Fliter

Matching

Matching


Microsoft_Visio_2003-2010___8.vsd
Transceiver


Antenna switch 1


PA


Matching


3.5GHZ NR UL


Matching


LNA


3.5GHZ NR DL


LNA


Matching


1.8GHZ LTE DL


PA


Matching


1.8GHZ LTE UL


Antenna switch 2


Duplexer


Matching


Fliter


Fliter


Matching


Matching



image19.emf
Transceiver

Antenna switch 

1

PA

Matching

3.5GHZ NR UL

Matching

LNA

3.5GHZ NR DL

LNA

Matching

1.8GHZ LTE DL

PA

Matching

1.8GHZ LTE UL Antenna switch 

2

Duplexer Matching

Fliter

Fliter

Matching

Matching


Microsoft_Visio_2003-2010___9.vsd
Transceiver


Antenna switch 1


PA


Matching


3.5GHZ NR UL


Matching


LNA


3.5GHZ NR DL


LNA


Matching


1.8GHZ LTE DL


PA


Matching


1.8GHZ LTE UL


Antenna switch 2


Duplexer


Matching


Fliter


Fliter


Matching


Matching



image3.png
Frequency ranges for NR Operators whose request is included in the frequency range

1710-1785MHz (UL)/3.3-4.2 GHz*(DL&UL) China Telecom, China Unicom, CMCC, Deutsche Telekom
832-862MHz (UL)/3.3-4.2 GHz*(DL&UL) Orange, Telefonica, China Telecom, Etisalat, Deutsche Telekom
880-915MHz (UL)/3.3-4.2 GHz*(DL&UL) cMmcc

703-748MHz (UL)/3.3-4.2 GHz* (DL&UL) Orange, Telefonica, Etisalat




