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1. Introduction & Background
RAN1 has discussed interference analysis in case of LTE-NR co-existence deployment scenarios. RAN1 has identified some LTE NR co-existence deployment scenarios, such as LTE-NR DC where intermodulation and harmonic interferences significantly impact LTE-NR DC performance.
RAN1 has further discussed and agreed solutions to handle intermodulation and harmonic interferences. The agreed solutions include 1Tx and harmonic interference coordination based on TDM pattern.
This contribution discusses difference and commonality between 1 Tx and harmonic interference coordination. The contribution concludes with proposal on the similarity for TDM pattern coordination for 1 Tx and harmonic interference coordination.
2. Difference between Harmonic and 1Tx
2.1. Harmonic scenario
Band 3 (FDD bands with 1710-1785MHz for UL and 1805-1880MHz for DL) and Band 42 (3.4-3.6GHz for UL&DL) are considered to analyse the harmonic interference. For simplicity, 1.8GHz is used to represent Band 3 and 3.5GHz is used to represent Band 42. Many orders of harmonic exist and the 2nd order harmonic is the main contributor. As shown in Table 1, 3420-3570MHz DL frequency ranges will be impacted by the 2nd order harmonic assuming Band 3 and Band 42 combinations.
Table 1: Impacted frequency ranges for 2nd order harmonic 
	
	UL (f1, MHz）
	DL where the 2nd order harmonic of UL falls in(f2 = 2Xf1, MHz)

	Frequency ranges
	1710-1785
	3420-3570


One of the deployment scenarios which could generate the 2nd order harmonic is Dual Connectivity (DC) of LTE and NR (Figure 1).  In this scenario, the 2nd order harmonic of 1.8GHz UL will fall into DL Rx of 3.5GHz. 
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Figure 1. 2nd order Harmonic impact for DC of LTE and NR
2.2. 1Tx scenario
Depending on the band combinations, sending two concurrent uplinks in two different bands can produce undesirable inter-modulations that degrade UE’s Rx sensitivity. This creates challenges in UE RF implementations. Many orders of intermodulation interference including 2nd, 4th and 5th order IMD exist which may fall into DL band. The 2nd order IMD and its impact is analyzed as an example. According to Table 2, 1615-1890MHz DL frequency range is impacted by the 2nd order intermodulation. 
Table 2: Frequency ranges for the 2nd order intermodulation
	
	UL(f1,MHz）
	UL (f2, MHz）
	DL where IMD2 falls in (f1-f2, MHz)

	Frequency ranges
	3400-3600
	1710-1785
	1615-1890


As shown in Figure 2, the 2nd order intermodulation from 1.8GHz UL and 3.5GHz UL will fall into DL Rx of 1.8GHz.
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Figure 2. 2nd order intermodulation impact for DC of LTE and NR
In order to avoid serious receiver sensitivity degradations on any agreed LTE/NR band combinations, it is imperative that some other mechanisms to be specified in Rel-15 NR work item phase to avoid simultaneous LTE and NR uplink transmissions from a single UE perspective when such issue occurs.

Specifically, an agreement was made in RAN1 #89 to support an optional mode so that network can configure the NSA mode UE to avoid simultaneously transmitting on two UL carriers when such self-interference exists.
Observation 1: In EN-DC, for harmonic scenario, one LTE UL interferes with NR DL, while for 1 Tx scenario, two UL interfere with one DL. 
3. Agreed TDM solutions for harmonic and 1Tx
3.1. TDM solutions for harmonic scenario
When NR DL experiences interference from LTE UL due to harmonic, gNB may trigger a harmonic interference handling request to eNB (eLTE eNB) to coordinate between LTE UL and NR DL transmission. This coordination requests eNB and gNB to signal transmission parameters information such as time and frequency pattern. gNB/network can coordinate to avoid harmonic  impact by TDM method, e.g., by the signalling between gNB and eNB to avoid simultaneous Tx/Rx. For the 2nd order harmonic, LTE UL and NR DL should not be activated simultaneously, i.e., LTE UL and NR DL should be switched in a TDM fashion.

RAN1 agreed on the TDM and FDM pattern solutions and sent LS to RAN3 as follows [1]:

	RAN1 discussed the solutions for handling of harmonic interference for UE configured with EN-DC and had following agreements. 

Agreements:

· 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. 

From RAN1 perspective, an example semi-static time pattern granularity can be subframe for LTE and slot for NR, respectively, and an example semi-static frequency domain pattern granularity can be PRB for both LTE and NR. 

RAN1 would like ask RAN3 to specify the above necessary backhaul signalling.  RAN1 recognizes that discussion will be needed on the procedure for the signalling and assumes that such discussion will take place in RAN3.


Observation 2: Harmonic interference coordination requires X2/Xn signaling of TDM/FDM pattern.

RAN1 also agreed in [2] that:
	· DL/UL TDM (to avoid self-interference due to harmonic ) is a network decision on a per-UE basis 
· No RRC configuration signalling is provided to the UE for this purpose (except FFS for the LTE RRC signalling to configure Case 1 HARQ timing)
· UEs can be scheduled for NR or LTE uplink transmission in an arbitrary slot
· UEs can be scheduled for NR or LTE downlink transmission in an arbitrary slot



Observation 3: As per RAN1 agreement, there is no Uu signaling impact to support TDM based harmonic interference coordination.

Observation 4: The pattern coordination for harmonic can be UE specific or UE group specific or cell specific.
3.2. TDM solutions for 1 Tx scenario
For 1 Tx, in RAN1 Ad-Hoc#2 meeting, it is agreed that [3]:
	•       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

•       Send an LS to RAN2, RAN3, and RAN4


For 1 Tx, in RAN1 #90 meeting, it is agreed that [4]:
	· 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

· 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


3.3. Summary for TDM solutions for harmonic and 1 Tx scenario
From the TDM solution description for harmonic and 1 Tx, the solution can be summarized as follows:
Observation 4: For both Harmonic and 1 Tx solutions, gNB and eNB need to exchange a TDM pattern. 
· For 1Tx, an LTE UL carrier and an NR UL carrier should be time switched and cannot be concurrently transmitted by a UE. 
· For time-domain based network scheduling solution for harmonic interference, an LTE UL carrier and an NR DL carrier should be time switched and cannot be concurrently transmitted/received by a UE. 
Observation 5: The main difference is that for 1Tx, it is the NR UL while for harmonic, it is the NR DL, which cannot be simultaneously transmitted with LTE UL.
Based on the above analysis on the commonality/difference between the TDM solution for both 1 Tx and harmonic, it is proposed to have a common working procedure to finalize the required information exchange between gNB and eNB. 
Proposal 1: Similar working procedure is applied for TDM pattern exchanged between gNB and eNB for both harmonic and 1Tx.
3.4. Agreed FDM solutions for harmonic
Besides the TDM solutions, RAN1 also agreed FDM solutions [1] as way to handle harmonic interference. With FDM solutions, semi-static frequency pattern indicating intended reception/transmission on an LTE UL carrier and an NR DL carrier on non-overlapping frequencies is exchanged between gNB and eNB to avoid harmonic. Similar as the TDM solution, the frequency pattern is only between the two base stations and not needed to be signaled to UE. So there is no need for RAN2 discussion on FDM pattern exchanging between gNB and eNB for harmonic.
Proposal 2: No need for RAN2 to discuss FDM pattern exchange between gNB and eNB for harmonic.

For harmonic interference solution, TDM/FDM pattern exchange solution on X2 is proposed in [5] with corresponding stage 2 and stage 3 CRs.
4. Conclusion
This contribution presents background information on harmonic interference scenario in EN-DC and further discusses similarity between harmonic and 1Tx solution in requiring TDM pattern exchange between gNB and eNB. This paper conclude with observations and proposal as follows:
Observation 1: In EN-DC, for harmonic scenario, one LTE UL interferes with NR DL, while for 1 Tx scenario, two UL interfere with one DL. 
Observation 2: Harmonic interference coordination requires X2/Xn signaling of TDM/FDM pattern.

Observation 3: As per RAN1 agreement, there is no Uu signaling impact to support TDM based harmonic interference coordination.

Observation 4: The pattern coordination for harmonic can be UE specific or UE group specific or cell specific.

Observation 5: For both Harmonic and 1 Tx solutions, gNB and eNB need to exchange a TDM pattern. 
· For 1Tx, an LTE UL carrier and an NR UL carrier should be time switched and cannot be concurrently transmitted by a UE. 
· For time-domain based network scheduling solution for harmonic interference, an LTE UL carrier and an NR DL carrier should be time switched and cannot be concurrently transmitted/received by a UE. 
Observation 6: The main difference is that for 1Tx, it is the NR UL while for harmonic, it is the NR DL, which cannot be simultaneously transmitted with LTE UL.
Proposal 1: Similar working procedure is applied for TDM pattern exchanged between gNB and eNB for both harmonic and 1Tx.
Proposal 2: No need for RAN2 to discuss FDM pattern exchange between gNB and eNB for harmonic.
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