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In RAN1 NR AH#3, aspects of LTE-NR coexistence were discussed with the following agreements of harmonic self interference mitigation, 

Agreement:
· Following Backhaul signalling is specified (enhanced X2 and Xn) to facilitate time-domain and frequency domain based network scheduling solution in case of harmonic interference from UL to DL, send LS to RAN3 to ask them to specify the signalling details:
· Semi-static time pattern indicating intended reception/transmission on an LTE UL carrier and an NR DL carrier on non-overlapping frequencies 
· Semi-static frequency pattern indicating intended reception/transmission on an LTE UL carrier and an NR DL carrier on non-overlapping frequencies 
· These patterns can be at least UE-specific.
· 
LS to RAN3 was approved in R1-1716698 .

The harmonic interference was discussed offline during RAN1 NR AH#3 with the focus in the following,
 
· Assume that there is no impact on the LTE specifications for non-EN-DC UEs
· Assume that there is no impact on the LTE specifications for any frequency-domain solution 
· At least to support the multi-vendor scenario: 
· Develop details of possible frequency-domain and time-domain solutions
· e.g. do we need to specify support for semi-static configuration of a time domain pattern for half-duplex handling of the harmonic issue?
· What further guidance do we need to give to RAN3 for X2/Xn signalling?
· Can the single-UL tx solutions be reused as-is for the harmonic issue? (e.g. can it achieve half-duplex?)
· Does UE behaviour need to be specified in case of collisions between UL tx and DL rx, or can this be left unspecified? 
· Note that the 2-UL transmission collision case was already handled by RAN plenary
· Is it necessary to specify how it is identified when the problematic interference scenarios arise? 
· In cases where carrier frequencies give rise to harmonic issues, is it assumed that the interference is always present? 

In this contribution, we discuss the remaining details of NR/LTE coexistence. 
Remaining details of NR-LTE Coexistence

In RAN1#90, it was agreed that 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.   It was agreed in RAN1 NR AH3 that time-domain and frequency domain based network scheduling solution is signaled for harmonic interference mitigation.  An LS was sent to RAN3 asking them to specify the signaling of semi-static time or frequency pattern indicating intended reception/transmission on an LTE UL carrier and an NR DL carrier on non-overlapping frequencies, which these patterns can be at least UE-specific.

· For the EN-DC case, the LTE DL reference HARQ timing can be signaled to the UE when time-domain based network scheduling solution is used; reuse the signaling for single UL Tx operation.
· FFS TDM pattern between an LTE UL carrier and NR DL carrier can be signaled to UE
· If UE is scheduled with simultaneous LTE UL Tx and NR DL Rx, and there is UE self-interference between them due to harmonic issues, down select among following options
· Option 1: UE behavior is not specified, i.e. up to UE implementation
· Option 2: Specify that UE consider the above scheduling to be error case
· Option 3: Specify the UE behavior, e.g. channel dropping rule between the Tx and Rx. 
· Specification impacts to non-EN-DC UEs
· No specification impacts for UE configured with LTE only
· FFS specification impacts for UE configured with NR-NR DC
· to be addressed after solutions for EN-DC is finalized.


The deployment scenario of NR-LTE coexistence is that both LTE and NR operate at same area.   When NR is deployed, most operators would configure UE with a list of the supported wireless technologies, such as NR, LTE, and HSPA. Usually, the brand new wireless technology, such as NR, would be configured as the top of wireless technologies list at the UE.  If both NR and LTE are in the same coverage area, UE will first search the NR network.   Most of UEs supporting both NR and LTE would be connected to the NR network when both NR and LTE network are in the same area.    NR would provide eMBB high data rate service.   A NR-LTE dual mode UE would connect to both NR and LTE networks only when some features, such as VoIP or MBMS services, are not supported by NR network in the initial Release.   Thus, services provided by the LTE network to NR-LTE dual mode UEs are the service with periodic traffic arrival.   

Proposal 1:  In NR-LTE co-existence, NR-LTE dual mode UE would mainly receive high data rate services, such as eMBB, from the NR network.  The UE would receive those services, such as VoIP and MBMS services, not supported by the NR network from the LTE network.   

When NR-LTE are operating in some band combinations, such as LTE in 1.8 GHz and NR in 3.5 GHz, the potential harmonic interference at NR DL reception is the interference generated from its own LTE UL transmission  or nearby UEs’ LTE UL transmission.    The UE harmonic interference at DL reception caused by its own LTE UL transmission would be much severe comparing to that from other UEs’ LTE UL transmission.  The short-term self interference caused by harmonic mixing would happen only when dual mode UE has NR DL data reception and LTE UL transmission in the same time.  If LTE UL transmission occurs occasionally, e.g., HARQ-ACK on PUCCH or SRS transmission, the harmonic self interference would be part of overall interference.   The occasional self interference could be captured during CSI measurements.    gNB could adjust the MCS setting based on the CQI feedback to battle for the short-term harmonic mixing interference.  The short-term harmonic self interference could be handled by channel coding or HARQ processing.     Since short-term interference would not last long, the scheduling solution and HARQ operation could mitigate  the harmonic mixing interference through MCS setting.  

Proposal 2: The short-term harmonic mixing interference could be mitigated through MCS adjustment by implementation.

If the harmonic mixing interference persists, the long-term measurements, such as RSSI or average of CQI, would show high interference value.   If there is DL interference only without harmonic mixing interference, RSSI or interference statistic from CQI should be steady with small variation. The persistent harmonic self interference would happen only when LTE UL data transmits consistently at the time of NR DL reception.   When strong harmonic mixing interference happens to the UE, UE would have spike on the RSSI measurements.      The long-term harmonic mixing interference would reflect on RSSI measurements, which RSSI values would be persistently high.   A trigger event of RSSI measurement could be defined to identify the harmonic mixing interference.   UE will be configured with a threshold when the RSSI is too high and report the RSSI values to the gNB.  The gNB could coordinate with LTE scheduler to see if large amount of UL data had been scheduled to transmit in the same cell.  This would help the gNB to mitigate the long-term harmonic mixing interference. 

Proposal 3: A trigger event of RSSI measurements could be defined to identify harmonic mixing interference.   
It was agreed in RAN1 NR AH3 that time-domain and frequency domain based network scheduling solution is signaled for harmonic interference mitigation.   Most of NR-LTE dual mode UEs would be connected to the NR network for eMBB service and the LTE networks for some other services, such as VoIP or MBMS services, .   Services provided by the LTE network have characteristic of periodic traffic arrival.    The time domain solution for self interference mitigation is the time domain pattern of periodic service, e.g., 20 ms traffic arrival of VoIP services, in LTE network.  The time domain pattern of periodic traffic arrival should be provided by the LTE network to the NR network through enhanced X2 interface to assist the NR scheduler in mitigating the harmonic self interference.   

Proposal 4: The time domain pattern of periodic traffic arrival should be provided by the LTE network to the NR network through enhanced X2 interface to assist the NR scheduler in mitigating the harmonic self interference.   

Conclusions
In this contribution, we discussed the remaining details of NR-LTE coexistence in the overlapped spectrum or adjacent spectrums.   We have the following proposals,  
· Proposal 1:  In NR-LTE co-existence, NR-LTE dual mode UE would mainly receive high data rate services, such as eMBB, from the NR network.  The UE would receive those services, such as VoIP and MBMS services, not supported by the NR network from the LTE network.   
· Proposal 2: The short-term harmonic mixing interference could be mitigated through MCS adjustment by implementation.
· Proposal 3: A trigger event of RSSI measurements could be defined to identify harmonic mixing interference.   
· Proposal 4: The time domain pattern of periodic traffic arrival should be provided by the LTE network to the NR network through enhanced X2 interface to assist the NR scheduler in mitigating the harmonic self interference.   
· 
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