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1 Introduction

The following were agreed in RAN1#89 and in RAN1 NR Ad-Hoc#2 for dual connectivity (DC) for a UE with a single transmitter antenna.
Agreements:

· 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:

· 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. 
This contribution considers remaining aspects related to the support of LTE-NR dual connectivity for a UE with single UL carrier capability.
2 Scheduling Aspects
The main remaining aspects related to the support of LTE-NR DC for a UE with a single transmitter antenna include (a) whether the UE needs to know the UL transmission timing pattern of LTE carrier and NR carrier that is semi-statically shared between the eNB and the gNB, and (b) scheduling/HARQ timing of LTE FDD carrier.

Regarding informing the timing pattern to a UE, although the UE can follow UL grants and retune to the MeNB or the SgNB according to the UL grants (and remain tuned to the frequency of the eNB where the UE had the last UL transmission), this fails to account for missed UL grants.  

When a UE fails to detect an UL grant for transmission to the SgNB, the UE will remain tuned to the MeNB and a number of subsequent UL transmissions to the SeNB, including potentially for HARQ-ACK information or for delay sensitive traffic, may not be possible to fulfill due to retuning requirements. For example, for inter-band operation, at least for sub6 GHz, the transition time can be up to 900 µs [1]. In general, the MeNB and the SeNB should be aware of which frequency a UE can use at a given time and this is not 
For a TDD system, the configuration of slot patterns can be implicit through the configuration of UL/DL configurations for transmissions to the MeNB and the SgNB that take into account the retuning time. However, a definition of such UL/DL configurations can be avoided and a same solution can apply for both FDD and TDD.
Proposal 1: Support configuration by higher layers of the timing pattern to a UE.
There is no issue with HARQ-ACK transmissions from a UE to the SgNB due to the flexible HARQ-ACK timing provided by the DCI formats. For HARQ-ACK transmissions from the UE to the MeNB, one approach is to re-use the NR mechanism also for scheduling NR UEs in the LTE MeNB. Another approach is to re-use the LTE eIMTA or LTE FDD-TDD CA mechanisms for HARQ-ACK transmissions and rely on a DL-reference UL/DL configuration since, when there is a timing pattern associated with UL transmission, the overall behavior is as for a TDD system. It is not clear how exclusively relying on network implementation can enable correct timing for HARQ-ACK transmissions on a LTE MeNB for FDD without further support from other LTE or NR mechanisms related to controlling the timing of HARQ-ACK transmissions. 
Collision avoidance among PUCCH resources (particularly for PUCCH format 1a/1b) used by LTE UEs and PUCCH resources used by NR UEs on the LTE MeNB needs to also be ensured. This can be by configuration of different PUCCH offsets, or by introducing an explicit PUCCH resource indication field in the DCI formats (as in NR), or by scheduler restrictions in selecting CCEs for PDCCH transmissions for a purely implementation-based solution (may be difficult in case of many scheduled UEs with PUCCH format 1a/1b transmissions in a same LTE subframe).   

Proposal 2: For HARQ-ACK transmissions to the LTE MeNB either include a timing indication for HARQ-ACK transmissions in the DCI formats or introduce a DL-reference UL/DL configuration.

The configuration of a timing pattern in Proposal 1 and the configuration of a DL-reference UL/DL configuration in Proposal 2 can be the same configuration. 
Collisions among UL transmissions are a typical issue when retuning is required or when a UE has limited capability for UL transmissions. For example, the UE can detect DCI formats that configure UL transmissions (data, HARQ-ACK, triggered SRS, PDCCH order) at the same time on the MeNB and the SgNB (collision due to UE capability limitation) at different times that are not separated enough for the UE to retune – such collisions can occur for example due to a false DCI format detection. In case a UE is configured the timing pattern, the UE can act according to the timing pattern and disregard false/inconsistent DCI formats; otherwise, some specification support is needed for UE prioritizations of various transmission types (e.g. similar to LTE DC for use of non-reserved power in case of power limitations).
Observation 1: Specification for prioritization of transmission types between MeNB and SgNB is needed to address ‘collisions’ if a UE is not informed of the timing pattern.   
A possible exception for the UE to follow the timing pattern for UL transmissions can be a PDCCH order for PRACH transmission or an expiration of a Time Alignment Timer (TAT) for a TAG. 
3 Conclusions

This contribution considered aspects for CA operation among NR cells with different slot durations and for numerology multiplexing within a single carrier. In particular, the following are proposed. 
Proposal 1: Support configuration by higher layers to a UE of the timing pattern.
Proposal 2: For HARQ-ACK transmissions to the LTE MeNB either include a timing indication for HARQ-ACK transmissions in the DCI formats or introduce a DL-reference UL/DL configuration.

In addition, the following observation is made.

Observation 1: Specification for prioritization of transmission types between MeNB and SgNB is needed to address ‘collisions’ if a UE is not informed of the timing pattern.   
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