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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
In 3GPP TSG RAN WG1 #90Meeting, there are some discussions to handle the harmonic interference for UE configured with EN-DC. The following WFs on solutions framework were agreed [1].  
	Agreements:
· Following Backhaul signaling 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 signaling 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. 



To handle the IMD issues, single uplink transmission is agreed together with the HARQ timing for LTE carriers [2]. Besides LTE-FDD HARQ timing (Case 2), DL-reference UL/DL configuration (Case 1) can also be used for scheduling/HARQ timing for LTE carrier, to make full use of LTE DL subframes.
	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



Additionally, for Case 1, a UE-specific HARQ subframe offset for DL HARQ, UL HARQ and UL scheduling is agreed by email discussion after RAN1 #90bis. 
	Agreements:
· In Case 1, LTE TDD UL HARQ timing is supported and the UE is allowed to transmit only in the subframes designated as UL in the reference TDD configuration. Additionally, a UE-specific HARQ subframe offset can be configured. 
· The offset (HARQ_offset) is in the range [0…9]
· The offset doesn’t change any subframe or slot number
· If, before applying the offset, the HARQ feedback for DL SF number m was mapped to UL SF number n, then after the offset, the HARQ feedback for DL SF number (m + HARQ_offset) is mapped to UL SF number (n + HARQ_offset)
· If, before applying the offset, the PUSCH in SF number m was scheduled (by UL grant or PHICH) in SF number n, then after the offset, the PUSCH in SF number (m + HARQ_offset) is scheduled (by UL grant or PHICH) in SF number (n + HARQ_offset)
· If, before applying the offset, the HARQ-ACK (if carried on PHICH) corresponding to PUSCH in SF number m was transmitted in SF number n, then after the offset, the HARQ-ACK (if carried on PHICH) corresponding to PUSCH in SF number (m + HARQ_offset) is transmitted in SF number (n + HARQ_offset)
· SRS and PRACH transmission may only occur in subframes indicated as UL in the reference TDD configuration but shifted by the configured non-zero HARQ_offset



For PRACH and SRS transmission in LTE carrier, the following agreements are reached in RAN1 #90bis [3].
	Agreement: 
· For Case 1, FDD timing configuration (i.e., periodicity and offset) is applied to LTE PRACH and SRS on LTE UL carriers.
· The UE is not required to support transmission of LTE PRACH or SRS transmission which does not coincide with the configured HARQ-ACK transmission occasions



In this contribution, the remaining issues for  harmonics interference handling including the HARQ timing, UE-specific HARQ subframe offset and PRACH/SRS transmission are discussed and proposals are given. 
2. Remaining issues on harmonic interference handling
For single uplink transmission, LTE UL and NR UL should be time switched and cannot be concurrently transmitted. For time-domain based network scheduling solution in case of harmonic interference from UL to DL, LTE UL and NR DL should be time switched and cannot be concurrently transmitted. So the main difference is that for single uplink transmission, it is the NR UL while for harmonic, it is the NR DL, which cannot be simultaneously transmitted with LTE UL. Thus a similar principle or mechanism for HARQ timing, UE-specific HARQ subframe offset and PRACH/SRS transmission for LTE carrier can be shared between single uplink and harmonic interference handling.
In TDM based harmonics interference handling in EN-DC, only a subset of LTE UL subframes can be scheduled for the UE, while the full LTE DL subframes are available for the UE. However, using existing LTE FDD DL HARQ timing would reduce the number of schedulable DL subframes thus limit the LTE DL throughput unnecessarily. Therefore, it is necessary that the HARQ timing design and signaling agreed for single UL Tx operation can be reused for TDM based harmonic interference handling. 
Proposal 1: 
Following scheduling/HARQ timing configuration for single UL Tx is reused for TDM based harmonic interference handling.
· 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
· 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 Case 1 above, the UE is not required to support transmission of LTE PRACH or SRS transmission which does not coincide with the configured HARQ-ACK transmission occasions. This is in line with the agreements for single uplink.
Proposal 2:
The following agreements for single UL Tx is reused for TDM based harmonic interference handling.
· For Case 1, FDD timing configuration (i.e., periodicity and offset) is applied to LTE PRACH and SRS on LTE UL carriers.
· The UE is not required to support transmission of LTE PRACH or SRS transmission which does not coincide with the configured HARQ-ACK transmission occasions.

In addition to Case 1 in Proposal 1, the UE-specific HARQ subframe offset for DL HARQ, UL HARQ and UL scheduling for single uplink can be reused for TDM based harmonic interference handling.
Proposal 3:
· The UE-specific HARQ subframe offset as agreed for single UL Tx is reused for TDM based harmonic interference handling.
· In Case 1, LTE TDD UL HARQ timing is supported and the UE is allowed to transmit only in the subframes designated as UL in the reference TDD configuration. Additionally, a UE-specific HARQ subframe offset can be configured. 
· The offset (HARQ_offset) is in the range [0…9]
· The offset doesn’t change any subframe or slot number
· If, before applying the offset, the HARQ feedback for DL SF number m was mapped to UL SF number n, then after the offset, the HARQ feedback for DL SF number (m + HARQ_offset) is mapped to UL SF number (n + HARQ_offset)
· If, before applying the offset, the PUSCH in SF number m was scheduled (by UL grant or PHICH) in SF number n, then after the offset, the PUSCH in SF number (m + HARQ_offset) is scheduled (by UL grant or PHICH) in SF number (n + HARQ_offset)
· If, before applying the offset, the HARQ-ACK (if carried on PHICH) corresponding to PUSCH in SF number m was transmitted in SF number n, then after the offset, the HARQ-ACK (if carried on PHICH) corresponding to PUSCH in SF number (m + HARQ_offset) is transmitted in SF number (n + HARQ_offset)
· SRS and PRACH transmission may only occur in subframes indicated as UL in the reference TDD configuration but shifted by the configured non-zero HARQ_offset

3. Conclusion
In this contribution, the remaining issues for  harmonics interference handling including the HARQ timing, UE-specific HARQ subframe offset and PRACH/SRS transmission are discussed and proposals are given as follows.
Proposal 1: 
Following scheduling/HARQ timing configuration for single UL Tx is reused for TDM based harmonic interference handling
· 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
· 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

Proposal 2:
The following agreements for single UL Tx is reused for TDM based harmonic interference handling.
· For Case 1, FDD timing configuration (i.e., periodicity and offset) is applied to LTE PRACH and SRS on LTE UL carriers.
· The UE is not required to support transmission of LTE PRACH or SRS transmission which does not coincide with the configured HARQ-ACK transmission occasions.

Proposal 3:
· The UE-specific HARQ subframe offset as agreed for single UL Tx is reused for TDM based harmonic interference handling.
· In Case 1, LTE TDD UL HARQ timing is supported and the UE is allowed to transmit only in the subframes designated as UL in the reference TDD configuration. Additionally, a UE-specific HARQ subframe offset can be configured. 
· The offset (HARQ_offset) is in the range [0…9]
· The offset doesn’t change any subframe or slot number
· If, before applying the offset, the HARQ feedback for DL SF number m was mapped to UL SF number n, then after the offset, the HARQ feedback for DL SF number (m + HARQ_offset) is mapped to UL SF number (n + HARQ_offset)
· If, before applying the offset, the PUSCH in SF number m was scheduled (by UL grant or PHICH) in SF number n, then after the offset, the PUSCH in SF number (m + HARQ_offset) is scheduled (by UL grant or PHICH) in SF number (n + HARQ_offset)
· If, before applying the offset, the HARQ-ACK (if carried on PHICH) corresponding to PUSCH in SF number m was transmitted in SF number n, then after the offset, the HARQ-ACK (if carried on PHICH) corresponding to PUSCH in SF number (m + HARQ_offset) is transmitted in SF number (n + HARQ_offset)
· SRS and PRACH transmission may only occur in subframes indicated as UL in the reference TDD configuration but shifted by the configured non-zero HARQ_offset
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