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1 Introduction

This contribution discusses remaining issues for LTE-NR coexistence.
2 Discussions 
UE behaviors for HARQ-ACK transmission in EN-DC
Regarding mechanisms for supporting one UL transmission in EN-DC, the following agreements were made in previous RAN1 meetings:
Agreements (RAN1 NR #2 [1]):

· 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 – Kazuaki (DCM), which is drafted and endorsed in R1-1711877. Final LS approved in R1-1711878. 
Agreements (RAN1 #90 [2]):
· 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

Agreements (RAN#90b [3]):
· 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
Agreements ([90b-NR-39] UL TDM in single Tx EN-DC):
· 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


In RAN1 NR AH1801, the HARQ-ACK transmission procedure was discussed without conclusion for a UE configured with EN-DC, a single LTE carrier and Case 1 HARQ timing  for the LTE FDD carrier. It was unclear whether the UE follows the FDD procedure or the TDD procedure for HARQ-ACK transmission if the LTE carrier is a FDD carrier and whether PUCCH format 1b with channel selection and/or a fallback operation are necessary for the LTE FDD carrier.

If a UE is configured with Case 1 HARQ timing, HARQ-ACK feedback for PDSCHs on multiple DL subframes should be transmitted on an UL subframe. Therefore, it seems a natural consequence for this case to follow the HARQ-ACK transmission procedure for TDD operation. 

If PUCCH format 1b with channel selection is supported for the LTE FDD carrier with a DL-reference UL/DL configuration from {#0, #1, #6}, a PUCCH resource for PUCCH format 1b with channel selection by a EN-DC UE may collide with a PUCCH resource for PUCCH format 1a/1b by a LTE FDD UE. This is because PDCCHs for the EN-DC UE and the LTE FDD UE can be transmitted on different subframes and then PUCCH resources may not be differentiated based on the CCE indices. In current LTE specifications, 
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 is cell specific. To avoid PUCCH resource collision, it was proposed that 
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 that is provided by UE-specific RRC signaling for an EN-DC UE. In addition, if a fallback operation to PUCCH format 1a/1b is supported for PUCCH format 3/4/5, the same issue for a PUCCH resource in the fallback operation to PUCCH format 1a/1b exists. The eNB scheduler can be expected to handle such PUCCH resource collision issues by scheduling PDCCHs for LTE FDD UEs and EN-DC UEs even if the PUCCH format 1b with channel selection or the fallback operation is supported. If scheduling is by EPDCCH, the ARO field can additionally be used. Also, it is generally desirable to avoid introducingnew RRC parameters and changes to LTE specifications when possible. 

Further, Case 1 HARQ timing was introduced to achieve PDSCH scheduling on all DL subframes in a FDD DL carrier even though UL transmissions are limited to specific UL subframes. Case 2 HARQ timing is a basic feature for a UE to support EN-DC operation because the UE should access the FDD carrier and be able to receive PDSCH and transmit HARQ-ACK feedback based on the LTE FDD HARQ timing before a NR carrier is configured to the UE for EN-DC. In this regard, if fallback operation is necessary for a EN-DC UE, Case 2 HARQ timing can be configured for the EN-DC UE.
Proposal 1: In Case 1 HARQ timing, additional LTE specification for HARQ-ACK transmission is not necessary.
3 Conclusions 

This contribution discusses remaining issues from last RAN1 agreement for LTE-NR coexistence and then proposes the following depending on the discussion:
Proposal 1: In Case 1 HARQ timing, additional LTE specification for HARQ-ACK transmission is not necessary.
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