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I. Introduction
In RAN1#88bis, aspects related to dual connectivity were agreed as follows,
Agreements:
· Both synchronous and asynchronous dual connectivity are support for LTE-NR/NR-NR DC
Agreements:
· For LTE-NR DC, from UE perspective,
· The deployment scenario that LTE eNB are not synchronized with NR gNB when operating on different and non-overlapping carrier frequencies is supported.

· The deployment scenario that LTE eNB are synchronized with NR gNB is supported when operating on different and non-overlapping carrier frequencies is supported.

· For NR-NR DC, from UE perspective,

· The deployment scenario that one NR gNB are not synchronized with another NR gNB for different cell-groups at least when operating on different and non-overlapping carrier frequencies is supported.

· The deployment scenario that one NR gNB are synchronized with another NR gNB for different cell-groups at least when operating on different and non-overlapping carrier frequencies is supported.

· FFS: exact definition of synchronous

· For LTE-NR/NR-NR DC, scheduling and HARQ mechanisms/procedures between cell-groups are independent.

  In this contribution, we discuss NR DL/UL scheduling mechanism and HARQ operation for DC
II. Dual Connectivity Deployment Scenarios

Dual connectivity is critical in the NR phase 1 of non-standalone (NSA) NR deployment.   For NSA NR deployment, LTE cell will be configured the serving cell and NR will be the secondary cell.   The NSA NR deployment with dual connectivity allows services independently scheduled by both LTE and NR schedulers.   Thus, UL A/N feedbacks to DL HARQ operation would be independently sent to both LTE and NR carriers.   It was agreed in RAN1#88bis that both synchronous and asynchronous dual connectivity deployment would be supported.  The exact definition of synchronous is FFS.   In dual connectivity deployment, UE would need to detect DL timing from both independent operation nodes and to receive the DL grants from either transmission node.  If UE could use one common reference time as the DL timing for both transmission points operating dual connectivity, this is considered as synchronous dual connectivity deployment.  

Proposal 1:   If UE could use one common reference time as the DL timing for both transmission points operating dual connectivity, this is considered as synchronous dual connectivity deployment.  

III. Consideration of DL/UL Scheduling Mechanism for DC
NR frame structure supports slot and mini-slot based scheduling.  In addition to slot and mini-slot, the subframe is used as the reference timing and counter for the slot and mini-slot configuration.   Slot-based scheduling allocates the radio resource in a slot for DL/UL transmission.  Most NR traffic, such as eMBB, URLLC and mMTC, used slot-based scheduling for scheduled data transmission.   For UL and DL scheduling in DC, each component carrier should have its independent scheduler for resource allocation.    UE should monitor the NR-PDCCH on each CC for DL or UL grant.   For DC with aggregated CCs in high and low frequency bands, there would be large discrepancy between coverage areas of high and low frequency bands.    UE might be able to decode NR-PDCCH reliably in low frequency band but less reliable in high frequency band due to the discrepancy of received SINR of NR-PDCCH.   It would be better to have DCI for DL/UL scheduling grant of high frequency band carried by PDCCH in low frequency band.  Thus, UE could decode the PDCCH reliably to get DL/UL grants of CCs in both low and high frequency band.  
Proposal 2:  For operating dual connectivity with aggregated CCs in both high and low frequency bands, DCI should be carried by NR-PDCCH at low frequency band for reliable decoding.   Cross-carrier scheduling should be supported.  
The system configuration and scheduling strategy in resource allocation would be based on the traffic arrival and distribution.   The data traffic is shown to have large variation of inter-arrival time, which the inter-arrival statistic distribution is characterized by heavy tail type probabilistic distribution.   With large variation of data inter-arrival time and high data rate service provided by NR physical layer, the service time would be short and the queuing delay at the interface expects to be short.   The NR system would be lightly loaded or no user to serve most of time.   The robustness of data arrival with heavy tail distribution of inter-arrival would also imply heavy loaded system at a time.    Thus, the system configuration needs to be dynamic adaptive to the traffic arrival.  Dynamic system configuration in TDD/FDD and flexible resource allocation are the key elements in allocate the radio resource to adapt to the robust traffic arrival.  The indication of dynamic DL/UL configuration on common control channel should be carried by low frequency band when CCs high and low frequency bands are aggregated.  
Proposal 3: The DL/UL scheduling should dynamic system configuration and flexible resource allocation. The indication of dynamic DL/UL configuration on common control channel should be carried by low frequency band when CCs high and low frequency bands are aggregated.  

IV. Consideration of HARQ Operation for DC

For DC, HARQ operation would be independent on each CC.   The number of HARQ processes for each CC could be different depending on the system BW of each CC and UE processing capability.    In particular, the operating BW is UE-specific and could be different to the system bandwidth of the component carrier.   The processing time of self-contained subframe could be very short in the range of tens of µs and not necessarily supported by all UE categories.   However, the soft buffer at UE of supporting multiple CCs in CA/DC should be shared in statistic manner, which the soft buffer pool is shared among all component carriers without fixed partition.  
Proposal 4:  The HARQ operation should be independent operation at each CC in DC.  The soft buffer should be shared among all CCs without fixed partition.  
V. Conclusion
In this contribution, we discuss the NR scheduling procedure in dual connectivity deployment with the following proposals, 
· Proposal 1: If UE could use one common reference time as the DL timing for both transmission points operating dual connectivity, this is considered as synchronous dual connectivity deployment.  

· Proposal 2:  For DC aggregating CCs in both high and low frequency bands, DCI should be carried by NR-PDCCH at low frequency band for reliable decoding.   Cross-carrier scheduling should be supported.  

· Proposal 3: The DL/UL scheduling should dynamic system configuration and flexible resource allocation. The indication of dynamic DL/UL configuration on common control channel should be carried by low frequency band when CCs high and low frequency bands are aggregated.  

· Proposal 4:  The HARQ operation should be independent operation at each CC in CA/DC.  The soft buffer should be shared among all CCs without fixed partition.  
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