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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
In 3GPP TSG RAN WG1 Meeting #90, the following WFs were agreed to solve harmonic-related interference [1].  
Agreements:
· RAN1 should investigate resource management approaches (e.g., time-domain, frequency-domain, etc.) for handling harmonic-related interference between a pair of UL (F1) and DL (F2) carriers.
· The investigation should include performance, complexity, necessary potential specification impacts (e.g., network signaling, etc.), etc.
For harmonics mixing issues, another way forward in RAN4 #84 meeting is agreed [2].
Agreements:
· It is agreed that no MSD need to be defined for LTE NR band combinations due to even order harmonic mixing unless specific issues are found
· Study MSD caused by odd order harmonic mixing case by case for LTE NR band combinations and make a conclusion on this.
According the above RAN4 WF, it is not a big issue for 2nd (even) harmonic mixing. (e.g., DL reception in 1.8GHz LTE will not be impacted by 3.5GHz NR UL transmission). Resource management approaches (e.g., time-domain, frequency-domain, etc.) mentioned in [1] is efficient way for handling both harmonic and harmonic mixing between a pair of UL (F1) and DL (F2) carriers.
In this contribution, some further analysis on resource management approaches (e.g., time-domain, frequency-domain, etc.) together with UE self-interference handling capability report is given with the potential specification impacts.
Additionally, some discussions on single UL Tx operation to mitigate the UE self-interference caused by intermodulation are also provided in the last of the document. 
2. On handling of harmonic related interference 
According to the analysis in Annex, with practical PCB isolation and harmonic filters, the 2nd order harmonics from Band 3 UL will cause about 20dB sensitivity degradation in Band 42 DL.
Observation 1: With practical PCB isolation and harmonic filters, the 2nd order harmonics from Band 3 UL will cause about 20dB sensitivity degradation in Band 42 DL.
Based on the agreed WF in [1], RAN1 should investigate resource management approaches (e.g., time-domain, frequency-domain, etc.) for handling harmonic-related interference between a pair of UL (F1) and DL (F2) carriers. In the following sections, we discuss the details for time-domain/frequency-domain resource management approach for handling of harmonic related interference. 
2.1. Time-domain resource management approach for harmonics and harmonics mixing
For time-domain resource management approach, as shown in Figure 1, slot allocation pattern between an LTE UL carrier (F1) and a NR DL carrier (F2) is semi-statically shared between network nodes using Xn and enhanced X2 interface. The slot allocation pattern can be the UL/DL slots intended for transmissions by eNB/gNB, respectively. This needs RAN3 specification on the backhaul signalling over Xn and X2. For a given UE, the transmission on one carrier (F1) and reception on another carrier (F2) at the same time is avoided by scheduling. As a minimum solution, this can be done without RAN1 impact, if UE simply follows the network grants. Furthermore, it may be beneficial to signal the TDM pattern between UL carrier (F1) and a DL carrier (F2) to the UE for power saving purpose, i.e. UE does not has to keep monitoring all the slots in DL F2. 
Proposal 1: UL and DL Slot allocation pattern between an UL carrier (F1) and a DL carrier (F2) can be semi-statically shared between network nodes using Xn and enhanced X2 interface. 
Proposal 2: RAN3 to specify Xn/X2 signaling for exchanging slot pattern for DL/UL scheduling between an UL carrier F1 and a DL carrier F2. 


Figure 1: Slot allocation pattern between eNB and gNB
2.2. Frequency-domain resource management approach for harmonics and harmonics mixing
Since not all RPBs will cause harmonics or impacted by harmonics due to the wider bandwidth available for NR, frequency-domain resource management approach may have some advantage over time-domain approach. For frequency-domain resource management approach, as shown in Figure 2, PRB allocation pattern between an LTE UL carrier (F1) and a NR DL carrier (F2) is semi-statically shared between network nodes using Xn and enhanced X2 interface. The PRB allocation pattern can be the UL/DL PRBs intended for transmissions by eNB/gNB, respectively. This needs RAN3 specification on the backhaul signalling over Xn and X2. For a given UE, the transmission on the frequency part of NR DL (F2) impacted by harmonics-related interference due to UE simultaneous transmission on LTE UL (F1) is avoided by scheduling. As a minimum solution, this can be done without RAN1 impact, if UE simply follows the scheduling grants from the network. 
Proposal 3: UL and DL frequency allocation pattern between an UL carrier (F1) and a DL carrier (F2) can be semi-statically shared between network nodes using Xn and enhanced X2 interface.
Proposal 4: RAN3 to specify Xn/X2 signaling for exchanging frequency allocation pattern for DL/UL scheduling between an UL carrier F1 and a DL carrier F2.


Figure 2: PRB allocation pattern between eNB and gNB 
Observation 2: Both time-domain and frequency-domain interference management approach can be done with minimum or even no RAN1 impact. 
2.3. UE capability report: self-interference handling capability report
Resource management approaches (e.g., time-domain, frequency-domain, etc.) for handling harmonic-related interference discussed in Section 2.1 and 2.2 should be applicable by the network. These approaches can be used for specific band combinations where harmonic-related interference exists. 
However, the UE implementation for mitigating the harmonic related interference may vary, it should be considered for UE to report its band-combination specific self-interference handling capability to network. Then gNB/eNB can know which UE may suffer from harmonic-related interference and to what extent. So gNB/eNB can apply the time-domain or frequency-domain solutions only for the UEs really suffer from the harmonic related interference. Examples for this band-combination specific capability can be the following:
1) The actual MSD for the harmonic related UE self-interference of this UE in unit of dB, e.g., 20dB
2) Whether UE supports simultaneous UL and DL transmission in this band combination or not. 
Proposal 5: Support band-combination specific UE self-interference handling capability report in NR.
3. Remaining issues on single UL operation
To solve intermodulation (IM) issues in some LTE-NR NSA band combinations, single UL operation is supported. The following WF was agreed [4]:
Agreements:
· Support the following solution to single UL transmission where NW synchronization between eNodeB and gNodeB is assumed (where there is at least one LTE carrier and at least one NR carrier of a different carrier frequency)
· When UE is activated with multiple UL carriers on different frequencies, time-switching of LTE UL carrier and NR UL carrier is used
· UL transmission timing pattern of LTE carrier and NR carrier is semi-statically shared between eNodeB and gNodeB 
· FFS: Signaling to UE of UL transmission timing pattern
1. 
2. 
3. 
UL transmission timing pattern of LTE carrier and NR carrier, i.e., the TDM pattern between LTE UL (F1) and NR UL (F2), is semi-statically shared between eNodeB and gNodeB by Xn/X2 interface. When eNB/gNB receiving the TDM pattern, there are two options for eNB/gNB to schedule its serving UE based on the TDM pattern:
Option 1: Scheduling by UL grant without additional information on TDM
This is simple and with no RAN1 impact. Due to the fact that UE is not aware of the TDM pattern, UE has to keep the two RF chain on in order to be scheduled at any time. 
Option 2: TDM pattern signalled to UE together with scheduling by UL grant
It may be beneficial to signal the TDM pattern between UL carrier (F1) and another UL carrier (F2) to the UE for power saving purpose. UE can in advance know the upcoming slots for possible UL transmission and thus switch off the Tx RF chain when there is no UL transmission in certain slots given by the TDM pattern signalling. In addition, only the UL grants that aligned with the signalled TDM pattern will be considered as valid by the UE to avoid any non-intended transmission triggered by UL grant false alarm. The TDM pattern can be signalled to UE by RRC. 
Proposal 6: UL transmission timing pattern of LTE UL carrier and NR UL carrier is signalled to UE by RRC.
4. Conclusion
In this contribution, some further analysis on resource management approaches (e.g., time-domain, frequency-domain, etc.) together with UE self-interference handling capability report is given and the potential specification impacts. The observations and proposals are as follows.
Observation 1: With practical PCB isolation and harmonic filters, the 2nd order harmonics from Band 3 UL will cause about 20dB sensitivity degradation in Band 42 DL.
Observation 2: Both time-domain and frequency-domain interference management approach can be done with minimum or even no RAN1 impact.
Proposal 1: UL and DL Slot allocation pattern between an UL carrier (F1) and a DL carrier (F2) can be semi-statically shared between network nodes using Xn and enhanced X2 interface. 
Proposal 2: RAN3 to specify Xn/X2 signaling for exchanging slot pattern for DL/UL scheduling between an UL carrier F1 and a DL carrier F2. 
Proposal 3: UL and DL frequency allocation pattern between an UL carrier (F1) and a DL carrier (F2) can be semi-statically shared between network nodes using Xn and enhanced X2 interface.
Proposal 4: RAN3 to specify Xn/X2 signaling for exchanging frequency allocation pattern for DL/UL scheduling between an UL carrier F1 and a DL carrier F2.
Proposal 5: Support band-combination specific UE self-interference handling capability report in NR.
Additionally, some discussions on single UL Tx operation to mitigate the UE self-interference caused by intermodulation is also provided in the document, with following proposals.
Proposal 6: UL transmission timing pattern of LTE UL carrier and NR UL carrier is signalled to UE by RRC.
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Annex
A1: Harmonic interference for RF Architecture 1
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 issues in this contribution. For simplicity, 1.8GHz is used to represent Band 3 and 3.5GHz is used to represent Band 42. 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 based on RF architecture 1 (Figure 2) for LTE-NR DC. As shown in Figure 2, there are two paths from 1.8GHz PA afffecting 3.5GHz LNA. Path 1 is the conducted path and path 2 is the radiated path through PCB.
The impact from Path 1 and Path 2 is calculated in Table 1 and Table 2, respectively. 30dB harmonic filter isolation and 70dB PCB isolation is assumed in the calculation. The total harmonics impact from path 1 and path 2 is -70.4dB. The DL reference sensitivity of LTE is about -93.5dBm without harmonics impact. Therefore MSD due to the 2nd order harmonics is 23.1dB.



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



Figure 2:  Illustration of harmonics impact of RF Architecture 1

Table 1 : 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


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

Table 2: 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


Note*: The value in this table is according to the performance requirements of the related device or components.
A2: Harmonic interference for RF Architecture 2
In this section, the analysis of power level of the 2nd order harmonics is based on RF architecture 2 for LTE-NR DC. As shown in Figure 3, there are also two paths from 1.8GHz PA affecting 3.5GHz LNA. 
The impact from Path 1 and Path 2 is calculated in Table 3 and Table 4, respectively. The overall harmonics impact from path 1 and path 2 is -73.2dB. The DL reference sensitivity of LTE is about -93.5dBm without harmonics impact. Therefore MSD due to the 2nd order harmonics is about 20.3dB.


Figure 7. Illustration of harmonics impact of RF Architecture 1

Table 3: 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 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


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

Table 4: 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


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