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Introduction
In RAN1 89 , NR-LTE self-interference issue was raised [1] that the interference can be generated from the combination of LTE and NR UL signals and can degrade the LTE receive performance, which is also known as IM (intermodulation) issue for some specific UL CA band combinations. Following agreements are reached aiming to solve the IM issue:
Agreements:
· For NR NSA for a UE, NR supports the case that when the UE is configured with multiple UL carriers on different frequencies (where there is at least one LTE carrier and at least one NR carrier of a different carrier frequency), the UE operates on only one of the carriers at a given time among a pair of LTE and NR carriers
· FFS whether or not there is specification impact
· If there is RAN1 specification impact, aim to minimize the specification impact for NR
· Note: this feature by itself is not intended to have any LTE RAN1 specification impact 
· Note: the other case of allowing simultaneous operation on two or more UL carriers is already agreed to be supported

In RAN1 AH-2 meeting, further agreements regarding IM issues were agreed: 
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
· UE simultaneously receives signals/channels from both NR DL carrier and LTE DL carrier
· For scheduling/HARQ timing of LTE FDD carrier, the following timing can be considered, e.g., for LTE:
· DL-reference UL/DL configuration for TDD
· DL-reference UL/DL configuration defined for FDD-SCell in TDD-FDD CA with TDD-PCell
· Up to NW implementation (i.e., no RAN1 spec. impact)
· For scheduling/HARQ timing of NR carrier, no special handling would be necessary 
· Other solutions are not precluded

In RAN1-90 meeting, agreements about single UL transmission regarding IM issue were agreed:
Agreements:
· When the UE is configured with multiple UL carriers on different frequencies (where there is at least one LTE carrier and at least one NR carrier of a different carrier frequency), but the UE operates on only one of the carriers at a given time among a pair of LTE and NR carriers
· For LTE carrier, UE can be configured with 
· Case 1: DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell 
· For scheduling/HARQ timing of LTE FDD carrier, DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell is applied
· UE is allowed to transmit NR UL signals at least in the subframe(s) where LTE UL transmission is not allowed according to the DL-reference UL/DL configuration
· FFS whether or not a UE-specific subframe offset for the DL-reference UL/DL configuration can be configured considering system resource utilization and potential spec impact
· Case 2: Release 15 LTE-FDD HARQ timing
· No impact on LTE RAN1 specifications
· Note: it doesn’t necessarily imply that UE has to support both cases

In RAN1 AH-2 meeting, harmonic related self-interference was also recognized [2] and corresponding agreements were reached:
Agreements:
· RAN1 to continue study the solution(s) to mitigate UE self-interference due to the simultaneous transmission and reception at the same time 
· Note: the issue is particular applicable for specific band combination(s) (e.g. harmonics related issues)
· Note: the issue can be addressed if UE is not mandated to transmit on one carrier (F1) and receive on another carrier (F2) at the same time

In RAN1-90 meeting, agreements about further investigations regarding IM issue were agreed:
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.
As the IM issue and corresponding solutions have been well recognized and discussed in RAN1, this paper will focus on harmonic related issues.
Scheduling based solutions for the harmonic related self-interference
The fundamentals for the harmonic related interference are that the Tx signals on one frequency/band interfere Rx signal on the other frequency/band. If the Tx/Rx signals are located on the lower and higher frequency/band respectively, this is called Harmonic; if the Tx/Rx signals are located on the higher and lower frequency/band respectively, this is called Harmonic Mixing.  On discussing RAN1 related solutions, i.e, scheduling based solutions, we do not see major difference between harmonic and harmonic mixing. Thus we think scheduling based solutions are common for harmonic and harmonic mixing. 
Observation 1: Scheduling based solutions are common for both harmonic and harmonic mixing types of self-interference

On RAN1 90 meeting, there are intensive online and offline discussion on the technique selection of TDM/ FDM based solutions. The agreements of RAN1 90 meeting are to investigate further on both directions.  Before rushing to the selected method, it is worth to discuss some technical background for the harmonic related interference.
  
On discussing which scheduling method is most suitable to solve harmonic related self-interference, one important question is how large portion of the downlink bandwidth may be interfered by the uplink signals.  This question is important because it can give the upper bound for the affected downlink bandwidth. But there are no common and easy answer considering following two aspects:
· The specific band combinations for the LTE-NR DC/CA
· The specific band planning for a region
Different band combinations may result different level of interference in DL bandwidth; different regions may have different band planning across operators, which further diverse the results for the 1st aspect. Thus we have the following observation:
Observation 2: It is difficult to assume a simple interference scenario, i.e, how large part of DL bandwidth is interfered ,  for the RAN1 solution to harmonic related self-interference

On discussing TDM/FDM based solutions, we refer to the way that eNB and gNB can exchange semi-static scheduling information, including time and/or frequency domain resource allocation for a UE with LTE-NR DC. When eNB and gNB coordinate in a way that UL/DL can be re-allocated in the frequency domain to avoid harmonic, it is called FDM solution. When eNB and gNB coordinate in a way that UL/DL can be switched in the time domain to avoid harmonic, it is called TDM solution. 

In case that an operator can be assigned with good LTE-NR band combinations (less self-interference) or the interfering cell is not UL heavy, i.e, only small part of UL resources are under scheduling, then there will be  only small part of DL bandwidth suffered from the harmonic related interference. For this case, FDM based solution seems suitable. For more details, eNB and gNB can exchange frequency domain resource allocation information, some uplink and/or downlink resource restriction can be set up so that the scheduler will not assign those colliding resources which can generate harmonic interference between UL and DL. When the restricted UL/DL resources are small, the performance loss is expected to be small.  

On the other hand, when bad band combinations and UL heavy situation happen simultaneously, a large part of DL bandwidth may be suffered from the harmonic related interference. For this case, TDM based solution is more suitable. If still sticking to the FDM based solution, neither UL nor DL can work well because of the large restrictions on the available resource for both UL and DL. 

Observation 3: TDM and FDM based solution can both be useful depending on how large part of DL bandwidth is interfered by the harmonic related interference

With these two observations, it is most reasonable to suggest:
Proposal 1: Both FDM and TDM based solutions should be specified in RAN1 to solve harmonic related self-interference

The above TDM/FDM discussion assumes semi-static resource allocation information exchanges between eNB and gNB, since it is unfeasible to exchange dynamic scheduling information. However, for SPS like scheduling, it is possible that gNB can obtain such type of information through proper UE reporting. One example is that an LTE-NR UE is scheduled by UL SPS in the LTE side and this UE may report such scheduling info to the gNB; with such UE reporting, gNB can schedule this UE in a way that its NR DL will not collide with LTE UL SPS. In this way, the harmonic interference can be avoided. 

Observation 4: Proper UE reporting can be helpful when self-interference is caused by SPS like scheduling

It is also beneficial to investigate if UE reporting can solve more cases of harmonic related interference. If so, then UE reporting can be an auxiliary method to the mentioned TDM/FDM based solutions. 

Proposal 2: It is beneficial to study how UE reporting can be helpful to solve harmonic related self-interference


[bookmark: _Ref378529477]Conclusions
In this contribution, we discuss the harmonic related self-interference issue. We have the following observation:
Observation 1: Scheduling based solutions are common for both harmonic and harmonic mixing types of self-interference 
Observation 2: It is difficult to assume a simple interference scenario, i.e, how large part of DL bandwidth is interfered ,  for the RAN1 solution to harmonic related self-interference
Observation 3: TDM and FDM based solution can both be useful depending on how large part of DL bandwidth is interfered by the harmonic related interference
Observation 4: Proper UE reporting can be helpful when self-interference is caused by SPS like scheduling
With all the above observations, we propose:
Proposal 1: Both FDM and TDM based solutions should be specified in RAN1 to solve harmonic related self-interference
Proposal 2: It is beneficial to study how UE reporting can be helpful to solve harmonic related self-interference
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