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1 Introduction

In RAN1#88bis meeting [1], it was agreed that:
Agreements:
· Both synchronous and asynchronous dual connectivity are support for LTE-NR/NR-NR DC

Agreements:
· For carrier aggregation, multiple timing-advance groups are supported

· FFS: The number of timing advance groups

· 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 RAN1#89 meeting [2], it was agreed that:
Agreements:
· Support cross-carrier scheduling for aggregated carriers with the same and different numerology. 

· FFS: the timing relationship between DCI and the corresponding PDSCH/PUSCH

· FFS: impact on the maximum number of HARQ processes

· FFS: potential restrictions (e.g., on combination of different numerology)

· Support joint UCI feedback for aggregated carriers with the same or different numerology. 

· FFS: the timing relationship between PDSCH and the corresponding HARQ-ACK 

· FFS: impact on maximum number of HARQ process 

· FFS: potential restrictions (e.g., on combination of different numerology)
· Support SRS fast switching among N uplink carriers

· The number of M uplink carriers supported by the UE for simultaneous transmission can be smaller than N

· Note: M can be 1 or larger depending on UE capability
· FFS: potential restrictions (e.g., on combination of different numerology, on combination of different frequency bands)
· Support one PUCCH in one cell group for NR DC/CA

· FFS: The carrier for PUCCH transmission can be configured within one cell group
· FFS: potential restrictions (e.g., on combination of different numerology, on combination of different frequency bands)

In this contribution, impacts of NR DC are discussed, including carrier groups, synchronous DC, power control.
2 Discussion
Carrier groups
In LTE DC, MCG and SCG is associated with the same eNB. The differential functionality of MCG and SCG is the RRC connection. To reduce RRM and signaling complexity, RRC connection only terminates at MeNB and there is no RRC entity in the SeNB. Same as LTE, MCG and at least one SCG should be supported in NR DC, and carriers in one CG belong to the same gNB or eNB. For LTE-NR DC in Rel-15, due to non-standalone deployment, eNB should operate as the MCG. For forward compatibility, eNB operating as the SCG could be considered. MCG and SCG could operate in the same or different duplex modes.  

Proposal 1: One MCG and at least one SCG should be supported in NR DC and LTE-NR DC, carriers in a MCG/SCG are associated to the same gNB or eNB. RRC connection only terminates at the MCG.
In each development stage of aggregation of carrier in LTE, there are some new functionalities are introduced. For example, in PUCCH transmission aspect, there are several similar conceptions. 
· Cell types

· Primary Cell (PCell) in traditional CA

· Primary Secondary Cell (PSCell) in DC

· PUCCH Secondary Cell (SCell) in massive CA 
· CG

· MCG and SCG in DC

· Primary PUCCH group and secondary PUCCH group in massive CA
In LTE, one reason of introducing the above similar functionalities is these features are developed in different LTE release and some conceptions are always associated with one fixed character in each specification stage. For example, carrying PUCCH functionality is always associated with PCell. One possible improvement in NR CA and DC is to develop one general description for a carrier group and define the functionalities associated with the carrier group. For example, there is one PUCCH carrier in one carrier group and the carrier for PUCCH transmission can be configured, including the carrier group containing PCell. One carrier group is associated to a MCG or SCG.
In RAN1#88 meeting, it was agreed that the maximum number of NR carriers for CA and DC is 16. In RAN1#88bis meeting, it was agreed that CBG-based transmission with single/multi-bit HARQ-ACK feedback is supported. In addition, with flexible HARQ timing, joint HARQ-ACK feedback for multiple slots on one carrier may occur, leading to large UCI payload size for NR CA and DC. Consequently, more than two PUCCH carrier groups in NR CA and DC could be considered.  
Proposal 2: At least one PUCCH carrier group for a carrier group, the carrier for PUCCH transmission could be configured within one PUCCH carrier group.
In LTE, for random access procedure in the SeNB, UE needs to monitor PDCCH of PScell in SCG to receive RAR, so common search space in PScell should be monitored by UEs. Same mechanism should be supported in NR DC.

Proposal 3: Common search space in MCG and SCG should be monitored by UEs in NR DC and LTE-NR DC.
Synchronous DC

In LTE synchronous DC, UE can assume the maximum received timing difference from MeNB and SeNB is 33μs, and the MeNB and SeNB subframe boundaries coincide closely. In LTE asynchronous DC, the received timing difference is extended to 500μs, and the MeNB and SeNB subframe boundaries can differ significantly, e.g. the overlapping portion of subframes of MeNB and SeNB can be up to half a subframe. Therefore, two power control modes for DC are supported in LTE: Mode 1 for synchronous DC; Mode 2 for asynchronous DC.

As discussed above, synchronous and asynchronous DC mainly differ on the overlapping portion of subframes of MeNB and SeNB, which impacts the power control mode. In NR, multiple numerologies are supported. For a given timing difference, the overlapping portion of slots for different numerologies is different, e.g. more symbols would be overlapped when the subcarrier spacing is 120kHz as compared to 15kHz. Therefore, the definition of synchronous DC should take numerology into account.

Observation 1: For a given maximum received timing difference from one gNB and another gNB (or one eNB), the overlapping portion of slots for different subcarrier spacings is different.
Power control

For NR CA and DC, one slot of one carrier may be overlapped with several slots of another carrier with larger subcarrier spacing. Moreover, the types of channel/traffic/UCI of the two overlapped slots may also be different. How to guarantee the reliable transmission of the slots with higher priority in terms of TTI and types of channel/traffic/UCI needs to be studied. And some schemes are discussed in our companion contribution [3]. Similarly, carriers of MCG and SCG for NR DC including LTE-NR DC and NR-NR DC may have different numerologies, which requires efficient power sharing mechanism. Some power sharing mechanisms are also presented in our companion contribution [3].  
Proposal 4:  Power control for NR CA and DC needs to consider the aspects of different numerologies, slot lengths and types of channel/traffic/UCI. 
3 Conclusion
Observation 1: For a given maximum received timing difference from one gNB and another gNB (or one eNB), the overlapping portion of slots for different subcarrier spacings is different.
Proposal 1: One MCG and at least one SCG should be supported in NR DC and LTE-NR DC, carriers in a MCG/SCG are associated to the same gNB or eNB. RRC connection only terminates at the MCG.
Proposal 2: At least one PUCCH carrier group for a carrier group, the carrier for PUCCH transmission could be configured within one PUCCH carrier group.
Proposal 3: Common search space in MCG and SCG should be monitored by UEs in NR DC and LTE-NR DC.
Proposal 4:  Power control for NR CA and DC needs to consider the aspects of different numerologies, slot lengths and types of channel/traffic/UCI. 
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