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1. Introduction
It was agreed in RAN#72 to consider both stand alone and non-stand alone new RAT where NSA can be supported via dual connectivity with LTE base station. 

In this contribution, we discuss scenarios for LTE and NR dual connectivity with possible design considerations. 
2. Discussion
2.1. Scenario (MCG/SCG)
For dual connectivity or LTE assisted NSA operation of NR, both co-located and non-co-located eNB and gNB can be considered. In case of co-located, it may be assumed that both NBs are tightly synchronized and connected via ideal backhaul. For non-co-located case, both ideal and non-ideal case, and both synchronous and asynchronous cases can be considered. Depending on the synchronization status and backhaul requirements, functionalities supportable by the assisting LTE carrier on NR carrier can be different. For example, in case of synchronous and ideal backhaul scenario, at least real-time assistance such as assistance information on beam sweeping can be considered, and limited cross-carrier scheduling can be considered. In case of non-ideal backhaul, dual connectivity functionalities of LTE can be widely reused. 
When NSA is considered, to minimize the overhead, and provide better forward compatibility, we consider the following functionalities can be either removed or configured not to be supported by NSA. 

(1) Transmission of PSS/SSS and/or PBCH
In case LTE and NR carriers are co-located and tightly synchronized, it is possible to utilize LTE synchronization signals for coarse time/frequency tracking. In terms of PBCH, unless the carrier also supports SA mode, it can be omitted in NSA carrier. 

(2) Contention-based RACH procedure on NSA
Instead of high overhead of beam sweeping and negotiation via RACH procedure in high frequency, contention-free RACH procedure on NSA can be also considerable. Based on RRM measurement on NSA, proper configuration of contention-free PRACH resources can be used. 
Proposal 1: Both co-located and non-co-located and ideal and non-ideal backhaul between NR and LTE carrier are considered for NR study. 
2.2. Frame structure considerations

When LTE and NR dual connectivity or carrier aggregation is considered, it is possible that different numerology in each carrier is used. For multi-carrier operation, numerology multiplexing should be clarified. As discussed in our companion contribution [1], we consider that subframe level alignment and subframe type definition based on its numerology in each carrier can be used in outband multiplexing cases where multi-carrier operation belongs to the outband multiplexing cases. However, this type of alignment has some drawbacks when cross-carrier scheduling and power control are considered. 
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Figure 1. Example of Subframe of LTE and NR carrier

For example, if 15 kHz NCP is used for MCG and 60 kHz NCP is used for SCG as shown in Figure 1, two subframes of SCG will collide with one OFDM symbol of MCG, and even with mini-subframe used in MCG, alignment between MCG and SCG subframe can be inefficient. However, if SCG subframe structure is determined by MCG numerology, it would also complicate multiplexing of UEs associated with different numerology MCGs, and possibly UEs on the same carrier with SA operation. 

Proposal 2: Frame structure of SCG sPCell is based on the base numerology of pSCell. Further consider desirable frame structure for SCell NR in case carrier aggregation between LTE and NR carriers.  
2.3. Uplink transmissions

In case different numerology is used between MCG and SCG either for CA or dual connectivity, handling of uplink needs to be carefully considered. Overall, sharing the uplink between LTE and NR carriers or independent uplink operation between LTE and NR carriers can be considered. If sharing is considered, without requiring UL CA, LTE and NR multi-carrier operation can be supported though it would require some handling of HARQ-ACK timing and UCI piggybacking between different RATs with possibly different numerologies. Whereas if independent operation is considered, it could simplify the operation. With potential benefits and possible complexity, both options should be further considered, and outputs from TTI shortening WI in LTE can be also applied where applicable. 

In terms of power control, power control of dual connectivity can be expanded where guaranteed power is assigned to each CG and the remaining power can be shared based on UCI type and/or transmission timing. For this, aspects of different numerologies, and different subframe length should be further considered. 

Proposal 3: At least independent UL transmission in MCG and SCG is considered for NR/LTE dual connectivity design. For CA case, further consideration on uplink transmissions including UCI piggybacking is necessary. 

Proposal 4: Dual connectivity power control framework is a starting point for power control of NR/LTE multi-carrier operations. 
2.4. Measurements

Though LTE dual connectivity should be the baseline for LTE/NR dual connectivity, some new aspects with high frequency (e.g., above 6 GHz) should be considered including measurement for NR SCG. In NR carrier measurement, there could be two steps: neighbour cell measurement (e.g., RSRP like measurement) and serving cell beam measurement (e.g., measurement for beam switching/tracking). To handle fast and dynamic beam switching, it is considerable that beam switching procedure can be done via L1/L2 procedure rather than via RRC reconfiguration, whereas neighbour cell measurement including long-term serving cell measurement can be done via RRC. Similar to LTE DC, RRC procedure (C-Plane) can be handled by MCG whereas beam switching procedure can be handled in each SCG independently. As there could be necessary parameters (e.g., power control parameters) update with beam switching procedure, a mechanism to allow fast RRC/parameter reconfiguration via SCG with beam switching procedure seems necessary. Though it is desirable that beam switching procedure is done within SCG via L1/L2 procedure, for efficient handling of the beam loss case (similar to RLF case where SCG is not reachable with the current beam configuration), necessary support from MCG can be also considerable.  
Proposal 5: In LTE/NR DC, neighbour cell measurement (e.g., RSRP like measurement) and serving cell beam measurement (e.g., measurement for beam switching/tracking) can be handled differently. Fast beam switching procedure within a SCG would be necessary. Details on SCG beam switching procedure need further investigation.  
3. Conclusion

This contribution discussed multi-carrier and inter-working between NR and LTE, and proposed the followings. 
Proposal 1: Both co-located and non-co-located and ideal and non-ideal backhaul between NR and LTE carrier are considered for NR study. 
Proposal 2: Frame structure of SCG sPCell is based on the base numerology of pSCell. Further consider desirable frame structure for SCell NR in case carrier aggregation between LTE and NR carriers.  
Proposal 3: At least independent UL transmission in MCG and SCG is considered for NR/LTE dual connectivity design. For CA case, further consideration on uplink transmissions including UCI piggybacking is necessary. 

Proposal 4: Dual connectivity power control framework is a starting point for power control of NR/LTE multi-carrier operations.  
Proposal 5: In LTE/NR DC, neighbour cell measurement (e.g., RSRP like measurement) and serving cell beam measurement (e.g., measurement for beam switching/tracking) can be handled differently. Fast beam switching procedure within a SCG would be necessary. Details on SCG beam switching procedure need further investigation.  
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