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1 Introduction

The following were agreed in RAN1#89 for dual connectivity (DC).
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

This contribution considers aspects related to the support of LTE-NR dual connectivity for a UE with single UL carrier capability.
2 Scheduling Aspects
When a UE with single UL carrier capability is configured for operation with dual connectivity, scheduler coordination is needed as, otherwise, the UE will have to drop UL transmissions in an unpredictable manner and this leads to poor operation. It is not even possible to prioritize transmissions to the MgNB as a UE may not have enough time for retuning. For example, for inter-band operation, at least for sub6, the transition time can be up to 900 µs [1]. 
Observation 1: MgNB and SgNB coordination is required for scheduling a UE with single UL carrier capability.

The MgNB and SgNB coordination is to partition time resources (e.g. slots), including for retuning, for respective transmissions from the UE. Therefore TDM needs to be introduced between the MgNB and the SgNB for UL transmissions from a UE with single UL carrier capability. To minimize an impact from frequent retuning, allocations for a first number of consecutive slots to the MgNB and for a second number of consecutive slots to the SgNB need to be supported. These allocations can be communicated from the MgNB to the SgNB over a backhaul link. A bit-map can then be defined over a number of slots (the number is FFS) and communicated from the MgNB to the SgNB to allow a general partitioning of slots for transmissions to the MgNB, to the SgNB, and for retuning.  
Proposal 1: Support configuration by the MgNB to the SgNB of slot patterns for UL transmissions to the SgNB.
The next issue is whether a UE should with single UL carrier transmission capability know of the slot pattern for UL transmissions to the SgNB. Although the UE can follow UL grants, and retune to the MgNB 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 is not sufficient for efficiency, latency, and robustness. 

When the SgNB does not immediately schedule in first available time instances for UL transmissions to the SgNB, the UE will remain tuned to the carrier frequency of the MgNB. The UE will only retune to the carrier frequency of the SgNB when the UE detects the first UL grant for transmissions to the SgNB. The SgNB will need to consider the retuning latency when scheduling the UE. This reduces efficiency as the retuning time could have been available for earlier UL scheduling by the SgNB. 
When a UE fails to detect an UL grant for transmission to the MgNB, the UE will remain tuned to the SgNB and a number of subsequent UL transmissions to the MgNB, including potentially for HARQ-ACK information, may not be possible to fulfill.  
When the UE is configured periodic or semi-persistent transmission, the UE will not be able to transmit any such transmission to the SgNB (P-CSI, SR, SR, etc.) unless the UE first detects DCI that causes the UE to switch to the SgNB (and the UE and the MgNB will not know when the UE stops transmitting to the MgNB).  

Therefore, it is sufficiently important to the overall operation for the UE to know the partitioning of time resources for UL transmissions to the MgNB and to the SgNB
For a TDD system, the configuration of slot patterns can be implicit through the configuration of UL/DL configurations for transmissions to the MgNB 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 2: Support configuration by higher layers from the MgNB to the UE of slot patterns for UL transmissions to the SgNB.
The above configurations are semi-static and this can be a limiting factor for UL scheduling and HARQ-ACK/CSI feedback from the UE for DL scheduling. A dynamic indication can be considered, either by a UE-specific DCI format or by a UE-group common DCI format, but it is unlikely to meaningfully alleviate the scheduling limitations that are due to the limitations of a UE configured for DC operation to simultaneously transmit on at least two UL carriers.   
Collisions 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) at the same time on the MgNB and the SgNB (collision due to UE capability limitation) or at different times that are not separated enough for the UE to retune. 
Assuming a semi-static partitioning of time resources between the MgNB and the SgNB, and therefore coordination of schedulers regarding the timing of UL transmissions, such collisions can be considered a result of errors in the CRC check of DCI formats at the UE or a result of urgent scheduling such as for a PRACH transmission. In either case, scheduling from the MgNB can be prioritized. Additional conditions may be considered where an error is more likely to occur for DCI format detection from the MgNB instead of DCI format detection from the SgNB (e.g. the UE detects multiple DCI formats from the SgNB that provide consistent information), but considering the negligible likelihood of such events and the additional specification/implementation support, a simple/single criterion suffices. A possible exception may be a PDCCH order for PRACH transmission on the SgNB or an expiration of a Time Alignment Timer (TAT) for a TAG. 
Proposal 3: In case of collisions, prioritize scheduling from the MgNB. FFS when PRACH transmission to the SgNB collides with non-PRACH transmission to the MgNB.
Power control is clearly as for single-carrier operation (no need to consider dual connectivity) and does not require further considerations.

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 the MgNB to the SgNB of slot patterns for UL transmissions to the SgNB.
Proposal 2: Support configuration by higher layers from the MgNB to the UE of slot patterns for UL transmissions to the SgNB.
Proposal 3: In case of collisions, prioritize scheduling from the MgNB. FFS when PRACH transmission to the SgNB collides with non-PRACH transmission to the MgNB.
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