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1 Introduction

RAN1 had made a number of agreements to support single uplink transmission scenario when EN-DC is configured as shown below. This contribution discusses RAN2 impact from the agreements.
Agreements from RAN1 #89 in May:
	· For NR NSA for a UE, NR supports the case that 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), the UE operates on only one of the carriers at a given time among a pair of LTE and NR carriers

· FFS whether or not there is specification impact

· If there is RAN1 specification impact, aim to minimize the specification impact for NR

· Note: this feature by itself is not intended to have any LTE RAN1 specification impact 

· Note: the other case of allowing simultaneous operation on two or more UL carriers is already agreed to be supported


Agreements from RAN1 Adhoc NR #2 in June:
	· 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 from RAN1#90 in August:
	· 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


2 Discussion
Single uplink transmission was agreed in RAN1 to resolve inter-modulation distortion (IMD) problem from multiple uplink transmission especially during EN-DC operation. The IMD problem can be dealt with a number of UE implementation techniques such as [1]:

· UE power amps with better linearity and better dynamic range would reduce IMD and MSD (Maximum sensitivity degradation).
· Advanced in-device-coexistence (IDC) techniques to mitigate issues related to MSD even for band combinations that could potentially have an MSD issue.

As the IMD problem somewhat depends on UE implementation and network layout, all the cases where single uplink transmission is required may not be fully specified in RAN4. It would be preferable to introduce an indication on the need of single uplink transmission per EN-DC band combination in the UE RF capability information. 
Proposal 1: UE capability on the single uplink transmission can be introduced in the RF capability per band combination.

IMD problem also depends on the UE location and network deployment layout [1]:

· For small cells or for UEs in the inner part of a cell, the Tx power is not high. Lower UE Tx power can reduce possible IMD.

· For UEs in small cells, indoor cells, or near cell centre, the Rx SNR may be sufficiently high to mitigate any MSD issues.

But as those information is hard to be known to the UE, it would be preferable to set the capability bit more statically. But as RAN2 had been discussing dynamic capability update mechanism so far, it can be left to UE implementation how to set the capability bit, and when and how to change the capability depending on the environmental situation of the UE.
Proposal 2: How to set and update the single uplink transmission capability is up to UE implementation

RAN1 agreed that UL transmission timing pattern of LTE carrier and NR carrier is semi-statically shared between eNodeB and gNodeB. When the uplink transmission of either RAT is coordinated between NTE eNB and NR gNB, how to avoid the IMD is up to scheduler decision especially in the NR gNB side. In LTE case, as LTE HARQ feedback timing for downlink packets is already fixed, if uplink resource is not available continuously, HARQ timing adjustment may be needed, and RAN1 already agreed to reuse the timing relationship of LTE TDD-FDD CA for this case.
If there is still scheduling conflict causing IMD problem, it could be considered as network misbehaviour, and this case can be left out of scope of RAN2 standards.
Proposal 3: No additional RAN2 specification support is needed for the single uplink transmission EN-DC operation.
3 Conclusion

Based on the above RAN2 is requested to discuss the following proposals:

Proposal 1: UE capability on the single uplink transmission can be introduced in the RF capability per band combination.

Proposal 2: How to set and update the single uplink transmission capability is up to UE implementation

Proposal 3: No additional RAN2 specification support is needed for the single uplink transmission EN-DC operation.
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