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1. Introduction

In the last RAN4 #84 meeting, WF on MSD for below 6GHz agreed to study how to solve the self-desense problems by own single or dual uplink transmission as below. 

· Agreed WF on MSD by Harmonic problems
· RAN4 to study the ways to mitigate the MSD caused by harmonic for LTE NR band combinations, including
· RAN4 to study and conclude the method to define MSD for harmonic and harmonic side lobe especially for new channel BW of NR.
· For LTE-NR DC Rx MSD caused by UL harmonics, the Tx output power for aggressor component carrier is 23 dBm at antenna port.
·  Up to 7th harmonic should be considered
· Agreed WF on MSD by IMD problems
· RAN4 to study the ways to mitigate the MSD caused by IMD for LTE NR band combinations, including
· For LTE-NR DC Rx MSD caused by 2UL IMD problems, PC3 case is considered firstly for the Tx output power(i.e. 20dBm for each component carrier at antenna port), but PC2 case is not excluded in Rel-15
To support dual connectivity option between NR band and LTE E-UTRA band, RAN4 should evaluate coexistence analysis for non-stand-alone (NSA) operation UE within some NR deployment scenarios 
Hence, in this paper, we provide our views how to solve the large MSD issues for NSA dual connectivity UE.
2. Coexistence scenarios for NSA UE in sub-6GHz
In rel-15 NR WI, RAN4 consider shared antenna RF architectures for NSA UE in sub-6GHz as LTE system.
Figure 1 shows the coexistence scenarios for 5G NR NSA UE in sub-6GHz based on the candidate LTE band + 5G NR band in sub-6GHz.

Table1. Candidate band combination in 5G NSA UE
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Figure 1: Candidate coexistence scenarios for NSA UE
Table 2 shows the coexistence analysis results for single & dual connectivity operation in 5G NSA UE between n77 band and legacy LTE bands.
From the harmonics/IMDs analysis results, we can see that harmonics problem is dominant factor to desensitize the sensitivity.  Also the dual connectivity operation will be interfered in the own received frequency bands by IMDs products. So RAN4 should study the MSD levels for both harmonic/IMD problems. In the study, RAN4 should consider how to guarantee zero MSD in the legacy LTE bands by optimizing RB allocation in NR band or control the RB size or position by gNB scheduling. 
Table 2. Harmonics /IMDs impacts for 5G NSA UE in sub-6GHz

	LTE Band
	NR band (MHz)
	Comments for harmonics/IMD problems

	
	3300 – 4200
	

	E-UTRA band
	UL Range (MHz)
	Harm. Order
	Harmonic Range (MHz)
	

	B1
	1920-1980
	2x
	3840 – 3960
	1) Harmonics into NR

2) 2nd, 4th & 5th IMDs into B1 
3) 4th & 5th IMDs into NR

	B3
	1710 - 1785
	2x
	3420 - 3570
	1) Harmonics into NR

2) 2nd,4th & 5th IMDs into B3

3) 4th & 5th IMDs into NR

	B5
	824 -849
	4x
	3296 – 3396
	1) Harmonics into NR

2) 4th &5th IMDs into B5
3) 2nd & 5th IMDs into NR

	
	
	5x
	4120 – 4245
	

	B7
	2500 – 2570
	-
	N/A
	1) No Harmonics
2) 4th IMD into B7
3) 3rd & 4th IMDs into NR

	B8
	880 -915
	4x
	3520 – 3660
	1) Harmonics into NR

2) 4th IMD into B8
3) 2nd & 5th IMDs into NR

	B19
	830 -845
	4x
	3320 - 3380
	1) Harmonics into NR
2) 4th&5th IMD into B19
3) 2nd & 5th IMDs into NR

	
	
	5x
	4150- 4225
	

	B20
	832 -862
	4x
	3328 - 3448
	1) Harmonics into NR
2) 4th&5th IMD into B19
3) 2nd & 5th IMDs into NR

	
	
	5x
	4160 - 4310
	

	B21
	1447.9 -1462.9
	-
	N/A
	1) No Harmonics
2) No IMD into B21
3) 4th & 5th IMDs into NR

	B25
	1850 - 1915
	2x
	3700 - 3830
	1) Harmonics into NR

2) 2nd,4th&5th  IMDs into B25
3) 4th&5th  IMDs into NR

	 B26
	814- 849
	4x
	3256 - 3396
	1) Harmonics into NR

2) 4th&5th  IMDs into B26

3) 2nd &5th  IMDs into NR

	
	
	5x
	4070 - 4245
	

	B28
	703 - 748
	5x
	3515 - 3740
	1) Harmonics into NR

2) 5th IMD into B28
3) 2nd IMD into NR

	B38
	2570 -2620
	-
	N/A
	1) No Harmonics

2) 4th IMD into B7

3) 3rd & 4th IMDs into NR
TDD-TDD sync. ( No impact

	B39
	1880 -1920
	2x
	3760 – 3840
	1) Harmonics into NR

2) 2nd,4th&5th IMDs into B39
3) 4th&5th IMDs into NR
TDD-TDD sync. ( No impact

	B41
	2496 -2690
	-
	N/A
	1) No Harmonics
2) 4th IMD into B41
3) 3rd & 4th IMDs into NR
TDD-TDD sync. ( No impact

	B42
	3400 - 3600
	-
	N/A
	1) No Harmonics
2) 3rd, 5th IMDs into B42
3) 3rd, 5th IMDs into NR
TDD-TDD sync. ( No impact


Table 3. Harmonics /IMDs impacts for  NSA UE in sub-6GHz

	LTE Band
	NR band (MHz)
	Comments for harmonics/IMD problems

	
	4400 – 5000
	

	E-UTRA band
	UL Range (MHz)
	Harm. Order
	Harmonic Range (MHz)
	

	B1
	1920-1980
	-
	N/A
	1) No Harmonics into NR

2) No impact to B1 

3) 4th IMD into NR

	B3
	1710 - 1785
	-
	N/A
	1) No Harmonics into NR
2) 5th IMD into B3

3) 5th IMD into NR

	B8
	880 -915
	5x
	4400 – 4575
	1) Harmonics into NR

2) 5th IMD into B8

3) No IMDs problems to NR

	B19
	830 -845
	6x
	4980 - 5070
	1) Harmonics into NR
2) No IMD problem to B19

3) No IMD problem to NR

	B21
	1447.9 -1462.9
	-
	N/A
	1) No Harmonics
2) 3rd IMD into B21
3) 5th IMD into NR

	B26
	814- 849
	6x
	4884 - 5094
	1) Harmonics into NR

2) No IMD problem to B26

3) No IMD problem to NR

	B28
	703 - 748
	6x
	4218 - 4488
	1) Harmonics into NR

2) No IMD problem to B28

3) No IMD problem to NR

	
	
	7x
	4921 -5236
	

	B39
	1880 -1920
	-
	N/A
	1) No Harmonics to NR

2) No IMD problem into B39

3) 4th IMD into NR ( TDD-TDD sync. ( No impact

	B41
	2496 -2690
	2x
	4992 - 5380
	1) Harmonics into NR
2) 2nd , 4th & 5th IMD into B41

3) 4th & 5th IMDs into NR
TDD-TDD sync. ( No impact

	B42
	3400 - 3600
	-
	N/A
	1) No Harmonics
2) No IMD problem into B42

3) No IMD problem to NR


From the Table 2 and Table 3, we can see there are no harmonic/IMD problems when RAN4 consider the synchronized TDD-TDD network between legacy TDD LTE bands and new NR bands.
Observation 1: In TDD-TDD synchronous network, there are no harmonic/IMD problems.
Observation 2: In FDD-TDD NSA UE, the harmonic problems will be critical impact to the own NR received frequency. 
The harmonic problem will be impact to NR new band for FDD-TDD DC NSA UE. So RAN4 should consider harmonic trap filter for some specific NSA UE. And then, RAN4 can define MSD levels for NR new band of NSA UE regardless of harmonic order. It means harmonic trap filter can significantly reduce the interfered levels into NR new bands.
Proposal 1: For harmonic problem, RAN4 should consider the harmonic trap filter to reduce the interfered signal level as same LTE system. Also define MSD level by harmonic problems.
The third point is IMD problem for NSA DC UE. This impact will be divided into two cases. First case is impacted at own RX LTE bands. 
Observation 3: In FDD-TDD NSA UE, the IMD products fall into the own LTE Received frequency.
The desensitization of LTE bands should be prevented by dual transmission to guarantee 0dB MSD level at legacy LTE bands since the NSA UE mobility control is based on the LTE connection. So RAN4 need to define A-MPR requirement in NR new band to protect legacy LTE bands or allow RB shift or restricted RB size in NR band.

Proposal 2: When IMD products fall into the legacy LTE band, RAN4 should guarantee 0dB MSD using A-MPR approach or gNB scheduling method at NR new band. 

The other IMD problem is impacted at own RX new NR bands

Observation 4: In FDD-TDD NSA UE, the IMD products fall into the own NR received frequency.
For this case, RAN4 can define MSD levels for NR new band if the required MSD level is not larger than a specific level. Then dual connectivity will be allowed for the LTE+NR band combination. However, if the required MSD level is larger than a specific level, then NSA DC operation of the LTE+NR band combination should be prevented.
Proposal 3: When IMD products fall into the NR band, RAN4 can define MSD level as REFSENS exception requirements.

In LTE dual uplink CA band combinations, the averaged MSD level is 7.56 dB by 4th IMD problems from 11 sample band combinations in Table 7.3.1A-0f in TS 36.101 which are defined required MSD levels for each dual uplink CA band combination. And also the averaged MSD level is 4.68 dB by 5th IMD problems. However, the statistical MSD level is about 13.73dB by 3rd IMD problems.

Observation 5: In dual uplink LTE CA, the required MSD level by 4th and 5th IMD problems is about less than 10dB. 
Based on the MSD results for 2DL/2UL CA band combination in TS36.101, RAN4 can decide the reference MSD level is 10dB. It means if the required MSD level is larger than 10dB, then RAN4 do not allow NSA DC operation in the candidate LTE and NR band combinations. Otherwise, RAN4 allow NSA DC operation at the LTE+NR NSA band combination and define MSD level as REFSENS exception case.

Proposal 4: Based on above observation 4 and 5, RAN4 can decide the reference MSD level is 10dB which level is reference point whether or not to allow NSA dual connectivity operation.
Based on the analysis of 5G NSA UE in sub 6GHz, we propose as follow

Proposal 1: For harmonic problem, RAN4 should consider the harmonic trap filter to reduce the interfered signal level as same LTE system. Also define MSD level by harmonic problems.

Proposal 2: When IMD products fall into the legacy LTE band, RAN4 should guarantee 0dB MSD using A-MPR approach or gNB scheduling method at NR new band. 

Proposal 3: When IMD products fall into the NR band, RAN4 can define MSD level as REFSENS exception requirements.

Proposal 4: Based on above observation 4 and 5, RAN4 can decide the reference MSD level is 10dB which level is reference point whether or not to allow NSA dual connectivity operation.

3. Conclusions


In this contribution, we provide our views on how to treat harmonics/IMD problem for 5G NSA UE in sub-6GHz. Based on the analysis in session 2, we share our observations as below
Observation 1: In TDD-TDD synchronous network, there are no harmonic/IMD problems.
Observation 2: In FDD-TDD NSA UE, the harmonic problems will be critical impact to the own NR received frequency. 
Observation 3: In FDD-TDD NSA UE, the IMD products fall into the own LTE received frequency.
Observation 4: In FDD-TDD NSA UE, the IMD products fall into the own NR received frequency.
Observation 5: In dual uplink LTE CA, the required MSD level by 4th and 5th IMD problems is about less than 10dB. 
Based on the above observations, we propose as below
Proposal 1: For harmonic problem, RAN4 should consider the harmonic trap filter to reduce the interfered signal level as same LTE system. Also define MSD level by harmonic problems.

Proposal 2: When IMD products fall into the legacy LTE band, RAN4 should guarantee 0dB MSD using A-MPR approach or gNB scheduling method at NR new band. 

Proposal 3: When IMD products fall into the NR band, RAN4 can define MSD level as REFSENS exception requirements.

Proposal 4: Based on above observation 4 and 5, RAN4 can decide the reference MSD level is 10dB which level is reference point whether or not to allow NSA dual connectivity operation.
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