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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
A complete list of NR frequency ranges and band combinations have been approved in [1] and updated in the latest WID in [2]. Among them, LTE band 3 with NR 3.5GHz is also accepted for UL sharing, and particularly interested to some operators as requested in [3][4]. This combination is challenging because it involves serious harmonic/IMD problems which is similar to LTE CA Band 3 and Band 42.
In last RAN4 meeting, although not officially treated, a number of proposals on how to derive MSD were provided in [5]. A more detailed and comprehensive summary on MSD derivation history for related LTE CA Band 3+42 was provided in [6].  In addition, there was a paper [7] discussing the recent RAN1 agreement to support 1Tx UE in LTE-NR UL Dual Connectivity. This paper is related to solutions and RAN4 requirements for band combinations with challenging IMD.
In this contribution, an interference analysis is provided for the band combination of LTE Band 3 and NR 3.5GHz based on new UE RF architecture. This contribution includes an update based on our RAN1 contribution [8].  It is shown that with different UE architectures, the harmonic/IMD difference may be significant.
2. Discussions
2.1. Background
The UE self-interference condition for band 3 and NR 3.5GHz were discussed in [5] and [6]. The 2nd, 4th and 5th order IMD would fall into band 3 DL and 2nd order harmonics of band 3 would fall into NR 3.3~4.2GHz. A difference between the two docs [5] [6] is whether 2nd order harmonic mixing, which may impact band 3 DL by NR 3.5GHz Tx,  should be considered or not. 
A WF on 3.5GHz band definition has been approved in [9] in which a Band X is defined for 3.3G~3.8G and Band Z defined for 3.3G~4.2G. It is believed that these definitions would generally not impacting the co-existence here and we will still use the term NR 3.5GHz or NR 3.3-4.2GHz for analyis as below. 
Table 1 shows the self-interference condition and corresponding RF issue. The interference derivation and calculation is generally RAT-agnositic, althogh it is accepted that in all those scenarios 3.5GHz is used for NR. RAN1’s tentaitve circumvention of those condition and issues were also referenced. The condition related to harmonic mixing is in square brackets because it is still not sure whether it should be considered or not. 
Table 1 : Self-interference conditions for 1.8G + 3.5GHz band combination
	Condition Number
	Tx/Rx condition
	RF Issue
	Impacted band
	RAN1’s Tentative  circumvention

	1
	Tx in 1.8G & Rx in 3.5G
	Harmonic
	3.5GHz Rx 
	[10]

	2
	2UL Tx
	IMD
	1.8G Rx 
	[7]

	[3]
	[Tx in 3.5GHz & Rx in 1.8G]
	[Harmonic mixing]
	[1.8G Rx]
	N/A



For the derivation of harmonics, [5] and [6] provid a quite complete summary on the research history and key docs. Figure 1 in [12] gives a clear picture of possible paths of harmonics which takes harmonic trap filter and PCB isolation into consideration. The current requirements defined in TS 36.101 were generally based on this architecture for both harmonics and intermodulation calculation. And it was proposed in [6] that with similar architecture and various parameters, the harmonics and IMD level of LTE can be reused for NR.

[image: Figure]
Figure 1: MSD analysis for 3+42(+42) (Reference from [12])

Considering the number of band combinations and tight standardization schedule, it is  natural and efficient to reuse LTE CA researches as much as possible. However, the current MSD introduced by hamonics and IMD is usually so large that  to use some frequency band combinations may be challenging. In case of Band 3 + 42, for example, the MSD is close to 30dB. For LTE, although many CA combinations were defined with large MSD, few of them were actually implemented and put into practical network.  It is likely that certain LTE-NR band combination in DC and UL sharing may have better deployment opportunity for NR compared to legacy LTE CA case. Furthermore, recent RAN1 progress in [7] [10] can be regarded as a sign for RAN1 to try to make those scenarios deployable.
Based on above background, a study for UE RF architecture might be helpful. It is an effort to response [3][4][7] beyond reviewing LTE CA study.

Observation 1: With the actual deployment plan for NR, there is a need to evaluate new RF solution for band combinations with severe harmonics/IMD issues.

2.2. Harmonics & IMD for different RF Architectures
In the annex of [8], two architectures for DC of LTE and NR are provided for LTE Band 3 and NR 3.5GHz. The harmonic filter and PCB isolation was not considered in [8]. Here we update those two architectures with harmonic filter and PCB isolation to align with RAN4’s assumption in LTE CA.

Architeture 1  --(Common antenna for 1.8GHz/3.5GHz)
 RF architecture 1 in Figure 2 is quite similar to LTE CA architecture. One antenna is used for both 1.8GHz and 3.5GHz and a quplexer is assumed. 


Figure 2. RF Architecture 1 for DC of LTE and NR

Harmonic Analysis
The impact of 2nd order harmonics for RF Architecture 1 is illustrated in Figure 3 below. The two red lines are for filter path (Path 1) and for PCB coupling path (Path 2), respectively. According to the calculation method in Table 3, the worst value of 2nd order harmonics power level out of quplexer is -73.5dBm, which is equivalent to -72 dBm at Rx antenna via Path 1.


Figure 3. Illustration of harmonics impact of RF Architecture 1

Table 2 : The calculation of 2nd order harmonics (Path 1)
	
	Power/isolation (dBm/dB)

	2nd order harmonics power level out of PA (A)
	-7

	Isolation to harmonics by Matching (B)
	3

	Isolation to harmonics by quplexer (C)
	33

	Harmonic filter attenuation (G)
	30

	Insertion loss of Harmonic filter (H)
	0.5

	2nd order harmonics power level out of quplexer (D = A-B-C-G-H)
	-73.5

	Insertion loss of antenna switch (E)
	1.5

	2nd order harmonics power level at Rx antenna (F=D+E)
	-72



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

	Power/isolation (dBm/dB) by Path 2
	-7
	70
	-77
	1.5
	-75.5



These results are similar to legacy analysis and an order of 20-30dB MSD could be introduced by 2nd order harmonic interference in this UE RF architecture. 

IMD Analysis
According to the estimation in [8], the power level for 2nd order intermodulation before 1.8GHz LNA is around -73.5dBm. This is about 20dB higher than the reference DL sensitivity and at least 20dB MSD is introduced. This is close to legacy LTE CA case for this architecture.


Architeture 2 – (Seperate antenna for 1.8GHz/ 3.5GHz)
The second architecture utilize two separate antenna switch and separate antenna for different band, 1.8G/3.5GHz respectively. Antenna isolation of 20dB is assumed and this would be added to Path 1 in Figure 4.



Figure 4. RF Architecture 2 for DC of LTE and NR

Harmonic Analysis
The impact of 2nd order harmonics for RF Architecture 2 is illustrated in Figure 4 below. The two red lines are for filter path (Path 1) and PCB coupling path (Path 2), respectively.



Figure 5. Illustration of harmonics impact of RF Architecture 2

Table 4 : The calculation of 2nd order harmonics (Path 1) 
	
	Power/isolation (dBm/dB)

	2nd order harmonics power level out of PA (A)
	-7

	[bookmark: _GoBack]Isolation to harmonics by Matching (B)
	3

	Isolation to harmonics by duplexer (C)
	15

	Harmonic filter attenuation (G)
	30

	Insertion loss of Harmonic filter (H)
	0.5

	Isolation between the two antenna (D)
	20

	Insertion loss of antenna switch 2 (E)
	1

	2nd order harmonics power level at Rx antenna (F=A-B-C-G-D-E-H)
	-76.5



Table 5: The calculation of 2nd order harmonics (Path 2)
	
	2nd order harmonics power level out of PA (A)
	PCB Isolation (B)
	2nd order harmonics power level out of quplexer (D = A-B)
	Insertion loss of antenna switch 2 (C)
	2nd order harmonics power level at Rx antenna (E=D+C)

	Power/isolation (dBm/dB) by Path 2
	-7
	70
	-77
	1
	-76



Although RF Architecture 2 introduces antenna isolation, the duplexer isolation is smaller than the quplexer isolation.  So the total power level is quite close to the case of LTE.

IMD Analysis
According to the estimation in [8], the power level for 2nd order intermodulation before 1.8GHz LNA is around -93.5dBm. This is quite close to reference DL sensitivity. This improvement by RF Architecture 2 is mainly from antenna isolation.

Observation 2 : RF architecture with seperate antennas for different bands may have significantly smaller interferenece inpact such as IMD than RF architecture with single antenna for different bands.

2.3. Harmonic mixing
The concept of harmonic mixing was introduced in LTE for certain bands and the background could be referenced in [12].  Eventually requiremnts for some bands were defined for 3rd order harmonic mixing such as band 20+40 and band 28+40. In [13] it is agreed that large MSD were provided into spec rather than mandating non-simultaneous TRX, for simplicity of the whole system. The MSD isarround 40dB, as indicated in [14]. An LS in [15] was sent to RAN5 that certain harmonic mixing band combinations need not to be tested.
With the extention from LTE band 42 to NR band Z, there may be also 2nd harmonic mixing problem in band 3 and NR band Z since band Z Tx signal would be overlapped with 2nd order of Band 3 Rx frequency range [6].
However, premliminary studies show that the hamonic mixing problem may not be that serious and can be mitigated by implementation. In addition, 2nd order harmonic mixing is regarded less serious compared with 3rd order harmonic mixing[12] 

Observation 3 : It is still not clear whether harmonic mixing need to be investigated in Band 3 + NR 3.5GHz Band and other LTE+NR band combinations. 

2.4. Other related issues
The drawback of Architecture 2
With the introducion of seperate antenna for different bands, it is obvious that the antenna number is increased. Considering the antenna number in the UE, e.g. 2 Rx antennas, to introduce more antenna while maintaining a reasonable antenna isolation could be challenging for UE design.  This is a price that have to be paid if this antenna isolation is needed to compensate certain serious interference.

Observation 4 : New RF architecture with better UE self-interference performance may introduce UE design challenges.

Possible new way to test reference sensitivity for NR in case of partial interference
In LTE, usually the REFSENS requirments would be divided to a requirement with the most servere interference and a requirment with no direct interference.  However, in NR, bandwidth is extended to as large as 100MHz, and it is actually become more difficult to totally avoid strong harmonic interference with limited spectrum. So it is proposed to consider the need for test requirments with partial bandwidth interference in the future for band combinations with harmonic issue. This may be meaningful for certain UE verfication.

Observation 5 : Consider the need and possiblty for reference sensitivity test with partial bandwidth interference caused by harmonics in case it become the scenario is deemed reasonable.

3. Conclusion
In this contribution, an interference analysis is provided for the band combination of LTE Band 3 and NR 3.5GHz based on new UE RF architectures. The observations are:
Observation 1: With the actual deployment plan for NR, there is a need to evaluate new RF solution for band combinations with severe harmonics/IMD issues.
Observation 2 : RF architecture with seperate antennas for different bands may have significantly smaller interferenece inpact such as IMD than RF architecture with single antenna for different bands.
Observation 3 : It is still not clear whether harmonic mixing need to be investigated in Band 3 + NR 3.5GHz Band and other LTE+NR band combinations. 
Observation 4 : New RF architecture with better UE self-interference performance may introduce UE design challenges.
Observation 5 : Consider the need and possiblty for reference sensitivity test with partial bandwidth interference caused by harmonics in case it become the scenario is deemed reasonable.
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