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1
Introduction
In RAN1#89 meeting, it was agreed to support single UL transmission to avoid intermodulation interference for LTE-NR dual connectivity. And in RAN1#90 meeting, DL reference UL/DL configuration was agreed to introduce for FDD LTE carrier, thus all FDD DL subframes can scheduled.
Agreements [1]:
· 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 addition, the followings were agreed in email discussion thread [90b-NR-39] UL TDM in single Tx EN-DC.
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

The above agreements only defined the HARQ timing for DL-reference UL/DL configuration, how to determine the PUCCH resource is still not defined. In this contribution, we discuss LTE HARQ aspect in 1Tx EN-DC.
2
PUCCH resource allocation
If a UE is configured with LTE-NR dual connectivity, and the DL-reference UL/DL configuration is configured for LTE FDD carrier, the DL scheduling and HARQ timing is according to DL-reference UL/DL configuration which was defined for LTE FDD Scell in FDD-TDD CA. However how to derive the PUCCH resource is still not clear. 
In case UE is configured with PUCCH format 1b with channel selection for HARQ-ACK feedback, in legacy release, FDD PUCCH resource can be derived  
· Implicitly: via lowest CCE. And FDD is the Pcell or, the PDSCH on SCell is cross-carrier scheduled by Pcell

· Explicitly: via RRC configuration. And FDD is Scell in FDD CA or FDD-TDD CA and PDSCH is self-scheduled.

For NR-LTE dual connectivity, the FDD LTE cell is the Pcell and DL-reference UL/DL configuration is configured, no existing HARQ-ACK feedback procedure can be followed, no PUCCH resource allocation scheme can be reused directly. Figure 1 gives an example of FDD DL HARQ timing and the DL-reference UL/DL configuration is configuration#1.     
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Figure 1: FDD DL HARQ timing in NR-LTE DC with DL-reference UL/DL configuration#1
For the FDD PCell PUCCH resource allocation, there are several possible alternatives according to existing schemes.
· Alternative 1: implicit resource allocation via the lowest CCE of PDCCH
Block interleaving is applied per symbol, which means the TDD resource allocation scheme is reused. Additional PUCCH format 1b resource offset is configured to avoid the PUCCH resource collision with legacy UE.  According to current specification, the update formula is given below.
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 is the new PUCCH format 1b resource offset and is configured by higher layer.
· Alternative 2: explicit resource allocation by RRC signalling, four or four pair PUCCH resources are reserved 
TPC field is reinterpreted as ARI for PUCCH resource indication if multiple DL subframes are scheduled. When only one subframe is scheduled for DL data transmission in the bundle window, UE ID mod 4 to derive which configured PUCCH resource is applied.
Comparing two alternatives, the intention of Alternative 1 is not to reserve PUCCH resource, then the PUCCH resources can be used flexibly. But considering the agreements in email discussion thread [90b-NR-39] UL TDM in single Tx EN-DC, the HARQ subframe offset can be configured per UE, in this case one subframe could be in different bundle window for different UEs, thus for Alternative 1, the PUCCH resources corresponding to one DL subframe will be reserved several times in different UL subframes. Some PUCCH resources are wasted or not used efficiently. 

For Alternative 2, four or four pair PUCCH resources are configured to one UE by RRC signalling, these configured resources can be configured to other UEs as well, the PUCCH resource collision is avoided by eNB indicating different resource by TPC command. For the case that only one DL subframe is scheduled, TPC can’t be reinterpret as ARI, the PUCCH resource can be indicated by UE ID mod 4. The resource collision possibility among UEs is reduced and without loss of eNB scheduling flexibility.     
In short, if a UE is configured with EN-DC and DL-reference UL/DL configuration is configured with UL/DL configuration #0, #1 or #6, and the PUCCH format 1b with channel selection is configured for HARQ-ACK feedback, then FDD LTE PUCCH resource is configured by RRC signalling.

If UE is configured with DL reference UL/DL configuration #2, #3, #4, or#5, and PUCCH format 3/4/5 is configured for HARQ-ACK feedback, then FDD LTE PUCCH resource is configured by RRC signalling, which is the same as legacy release.  
Proposal 1: If DL-reference UL/DL configuration is configured to UE in EN-DC, FDD LTE PUCCH resources are configured by RRC signalling.
Proposal 2: If only one DL subframe is scheduled in bundle window, the PUCCH resource is indicated by UE ID mod 4.
3
Conclusion

In this contribution, the left issues for supporting the single UL transmission in EN-DC are discussed. The following proposals are made.

Proposal 1: If DL-reference UL/DL configuration is configured to UE in EN-DC, FDD LTE PUCCH resources are configured by RRC signalling.
Proposal 2: If only one DL subframe is scheduled in bundle window, the PUCCH resource is indicated by UE ID mod 4.
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