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Introduction
[bookmark: _Ref178064866]Improving single-tx operation for EN-DC is one of the objectives for the MR-DC WI [1] and in RAN1 NR Ad-hoc 1901, the following was concluded

Agreements:
· It is concluded that it is beneficial to specify enhancements to single Tx switched uplink solution for EN-DC over the existing single Tx switched uplink solution, e.g. via introducing a new reference HARQ configuration using NR/LTE Rel-15 or LTE eIMTA solution, etc.

In this document we discuss some enhancements related to single-tx operation. 
We also discuss the new objective added in RAN#84.
Note: This document is resubmission of R1-1909143.
Discussion
Improvements to PRACH transmission

For a UE configured with Case 1 HARQ timing, in Rel15 PRACH transmissions are only allowed in subframes designated as UL in the reference TDD configuration. This creates a network restriction for provisioning PRACH resources. 

Consider an FDD cell with a mix of EN-DC UEs and non-EN-DC UEs. If the EN-DC UEs are configured with TDD UL/DL pattern given by subframe-Assignment-r15 via dedicated RRC, then they can only transmit RACH in the UL subframes given by that pattern. This limits the flexibility for the NW to provision RACH resources for all UEs in the cell (i.e., both EN-DC and non EN-DC UEs) as it has to match the UL subframes provisioned for PRACH (i.e., the provided via SIB) with the UL subframes given by the subframe-Assignment-r15 TDD pattern. This problem becomes even worse if harq-Offset-r15 field is used to spread the UL load between different EN-DC case1 HARQ timing UEs. 

Since PRACH transmissions are rare, the straightforward solution to address the above issue would be to remove the limitation from Rel15 and let the UE transmit PRACH in any UL subframe (for FDD case). In the rare occasions where there is a colliding NR UL transmission for the UE, the UE can be allowed to prioritize the PRACH transmission and drop NR.

Proposal 1

· Following enhancement for PRACH should be supported
· If a UE is configured with Case1 HARQ timing, UE’s PRACH transmissions are not limited to the UL subframes given by subframe-Assignment-r15 (i.e., for FDD, UE can transmit PRACH in any UL subframe).
· If the UE’s LTE PRACH transmission collides with an NR UL transmission, PRACH transmission is prioritized.
Case 1 HARQ timing details for TDD Pcell


In RAN1#96 the following was agreed

Agreements:
For single tx switched UL in EN-DC with TDD PCell, the LTE PCell can be configured with DL-reference UL/DL config
· For DL HARQ timing, the DL-reference UL/DL configuration is applied
· Only LTE TDD Pattern 2, 4, 5 can be used as DL-reference
· For UL HARQ timing is the same as without reference configuration for PCell’s UL/DL configuration other than TDD pattern 0/6, 
· FFS: whether/how to support TDD pattern 0/6 for LTE PCell
· UE is not expected to transmit on the MCG and SCG simultaneously
· For type 2 UE (i.e., UE without dynamic power sharing capability):
· UE is allowed to transmit LTE PUSCH only in the UL subframes designated as UL in the DL-reference configuration
· For type 1 UE (i.e., UE with dynamic power sharing capability): 
· The UE should not assume that LTE PUSCH is only scheduled in the UL subframes associated configured by the DL-reference configuration
· The UE should not assume that NR PUSCH is only scheduled in the remaining UL subframes other than those configured by the DL-reference configuration
· If there is a collision, 
· In the UL subframes designated as UL in the DL-reference configuration, UE is expected to drop NR PUSCH
· In other UL subframes, UE behaviour to be expected to specified with details FFS
· E.g., drop LTE PUSCH, drop NR PUSCH, etc.
· FFS for the case of NR SRS & NR PRACH
· Note: the impact of switching time (if non-zero) will be further studied.
· Note: the above does not assume any restriction between gNB and eNB (e.g., tight coordination)
· FFS: whether/how to support HARQ-offset (similar as in SUO case 1 in EN-DC with LTE FDD PCell)


Regarding subframes not designated ‘UL’ by the LTE UE-specific reference TDD configuration, according to RAN1#96 agreement, UE behavior to account for colliding LTE and NR transmissions is expected to be specified with details FFS. Considering that LTE has slower scheduling timeline than NR, the simplest expected behavior for this is that LTE UL is transmitted, and NR UL is dropped. While the option of keeping NR and dropping LTE was discussed, in our view this option is not always feasible due to the timeline issue.

Proposal 2

· For Case 1 HARQ timing via UE-specific reference TDD configuration for TDD Pcell, for subframes not indicated as ‘UL’ by the reference TDD configuration, the following default UE behavior is supported
· if there are colliding LTE and NR UL transmissions in the same subframe, the UE is expected to transmit LTE and drop NR.
Case 1 HARQ timing for dual uplink EN-DC

In RAN#84, following additional objective was added to the MR-DC WID [4]. 
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The Case 1 HARQ timing procedures for LTE FDD Pcell in TS 36.213 (i.e., procedures related to the parameter subframeAssignment-r15) specify the behavior discussed in the newly added objective (i.e., “DL HARQ timing for FDD Scell for LTE TDD-FDD CA with TDD Pcell, applied to FDD Pcell”). No changes to 36.213 are required to enable these procedures for dual uplink EN-DC case.

Observation
· Case 1 HARQ timing procedures for LTE FDD Pcell in TS 36.213 (i.e., procedures related to the parameter subframeAssignment-r15) specify the behavior (i.e., “DL HARQ timing for FDD Scell for LTE TDD-FDD CA with TDD Pcell, applied to FDD Pcell”) discussed in the newly added objective related to dual uplink EN-DC. 
· No changes to RAN1 specs are needed to enable these procedures for dual uplink EN-DC case.
Conclusions
In this document, we discuss some approaches for improving single-tx operation for EN-DC and propose the following
Proposal 1

· Following enhancement for PRACH should be supported
· If a UE is configured with Case1 HARQ timing, UE’s PRACH transmissions are not limited to the UL subframes given by subframe-Assignment-r15 (i.e., for FDD, UE can transmit PRACH in any UL subframe).
· If the UE’s LTE PRACH transmission collides with an NR UL transmission, PRACH transmission is prioritized.
Proposal 2

· For Case 1 HARQ timing via UE-specific reference TDD configuration for TDD Pcell, for subframes not indicated as ‘UL’ by the reference TDD configuration, the following default UE behavior is supported
· if there are colliding LTE and NR UL transmissions in the same subframe, the UE is expected to transmit LTE and drop NR.

We also discuss the new objective related to dual uplink EN-DC and make the following observation

Observation
· Case 1 HARQ timing procedures for LTE FDD Pcell in TS 36.213 (i.e., procedures related to the parameter subframeAssignment-r15) specify the behavior discussed in the newly added objective related to dual uplink EN-DC (i.e., “DL HARQ timing for FDD Scell for LTE TDD-FDD CA with TDD Pcell, applied to FDD Pcell”). 
· No changes to RAN1 specs are needed to enable these procedures for dual uplink EN-DC case.
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7. Enable the Release 15 behaviour of “DL HARQ timing for FDD Scell for LTE TDD-FDD CA with TDD Peell,
applied to FDD Peell” to apply to dual uplink EN-DC, possibly including any conclusions on the previous
objective () for LTE FDD Pells [RAN1].




