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1 Introduction

In previous RAN1 meetings, the following agreements were reached with respect to support of dual connectivity (DC) in NR

Agreements:
· Study at least the following aspects for NR carrier aggregation / dual connectivity

· Intra-TRP and inter-TRP with ideal and non-ideal backhaul scenarios

· Number of carriers

· The need for certain channels, e.g. downlink control channel, uplink control channel or PBCH for some carriers

· Cross-carrier scheduling and joint UCI feedback, e.g. HARQ-ACK feedback

· TB mapping, i.e., per carrier or across carriers

· Carrier on/off switching mechanism

· Power control

· Different numerologies between different/same carrier(s) for a given UE

· FFS: whether/if different numerologies are multiplexed on one carrier for one UE is called carrier aggregation / dual connectivity

Agreements:
· For phase 1, carrier aggregation/dual connectivity operation within NR carriers over e.g. around 1GHz contiguous and non- contiguous spectrum from both NW and UE perspectives is supported
· [4 - 32] should be assumed for further study of the maximum number of NR carriers

· RAN1 will try to decide the exact number in this week

· Cross-carrier scheduling and joint UCI feedback are supported
· Per-carrier TB mapping is supported
· FFS TB mapping across multiple carriers
Agreements:
· From RAN1 specification perspective, maximum channel bandwidth per NR carrier is 400 MHz in Rel-15

· Note:  final decision on the value  is up to RAN4

· From RAN1 specification perspective, at least for single numerology case, candidates of the maximum number of subcarriers per NR carrier is 3300 or 6600  in Rel-15

· FFS: For mixed numerology case, the above applies to the lowest subcarrier spacing

· Note: final value for a given channel BW is up to RAN4 decision

· From RAN1 specification perspective, the maximum number of NR carriers for CA and DC is 16

· Note that 32 is considered from RAN2 specification perspective

· The number of NR CCs in any aggregation is independently configured for downlink and uplink 

· NR channel designs should consider potential future extension of the above parameters in later releases, allowing Rel-15 UE to have access to NR network on the same frequency band in later releases
In LTE, the main impact from operation with DC was on UL power control. This will of course remain for dual connectivity in NR but, due to the potential use of different slot durations for NR CA, UL power control in DC may have commonalities with UL power control in NR CA [1]. LTE-NR DC may be treated under a general DC framework in NR where the MeNB and the SeNB can use different slot durations and the MeNB can be an LTE one (prioritized for specification) or a NR one.  

This contribution considers aspects related to DC operation in NR.
2 DC Operation in NR
The UL power control mechanisms for DC operation in LTE (Mode 1 and Mode 2) are expected to be sufficient in NR as the fundamental for DC operation remain same. When an MgNB and a SgNB use different numerologies (different slot durations), the UL power control mechanism used for asynchronous DC operation in LTE (Mode 2) can be considered as baseline for UL power control NR DC and it may also be considered as a starting point for CA when different slot durations are used in different cells. Corresponding discussion is provided in [1] and is not repeated in this contribution. Aspects related to PH reporting need to also consider UL transmissions with different slot durations and can be applicable in both NR DC and NR CA [1].   

Proposal 1: The UL power control modes in LTE DC are baseline for NR DC. 

Similar to a configuration for partitioning (in terms of minimum guarantees) of a UE transmission power between an MgNB and a SgNB, configuration for partitioning of other UE capabilities should also be considered (possibly again in terms of minimum guarantees). For example, LTE Rel-13 enables a network to configure a partitioning of PDCCH decoding operations among cells and, although this is applicable only for CA with more than 5 configured cells, applicability in NR can be extended to both CA and DC without conditions on number of cells. This can be beneficial both for maximizing a scheduling flexibility at an MgNB and a SgNB and for minimizing UE power consumption as scheduling requirements per slot can be significantly in the MgNB and the SgNB and the slot durations can also be different. 

Additional configurations for partitioning UE capabilities between an MgNB and a SgNB should also be considered particularly since in DC the respective schedulers are independent. Such capabilities can include the UE soft buffer capacity or the UE capability for receiving or transmitting a maximum TBS. Such partitioning is more important for NR than for LTE due to the potentially large operating differences between MgNB and SgNB, including slot duration, number of cells, and BW per cell. For example, the MgNB can be operating with few cells and relatively small BW per cell, and with slot duration of 1 msec on a below-6 GHz band (can also be an LTE gNB for LTE-NR DC) and the SgNB can be operating with many cells, with relatively many cells and large relatively large BW per cell with a slot duration of 0.125 msec on an above-6 GHz band.   
Proposal 2: NR DC supports partitioning between an MgNB and a SgNB for the UE capabilities of the maximum number of PDCCH decoding operations, soft buffer, and maximum UL/DL TBS. 

LTE DC relies on a backhaul link for communication between an MgNB and a SgNB. This can generate frequent backhaul traffic in order to adapt to configuration changes for the operation of each UE configured with DC. Also, when the backhaul latency is relatively large, relying on the backhaul link to exchange configurations for each UE operating with DC can result to reduced spectral efficiency and degrade user experience due to latency. For example, instead of using the backhaul link, it can be beneficial for a UE to inform a node of a change in a number of configured/activated cells in the other node, or to inform a TDD UL/DL configuration change when the other node uses LTE TDD, or to inform a buffer status report for UL transmissions to the other node. In general, parameters related to UE communication with one node can be relayed by the UE to the other node, for example as MAC CEs similar to PH reports, to improve scheduling efficiency and utilization of the UE capabilities.  
Proposal 3: Consider support in NR DC for UE feedback to one node of parameters related to communication with the other node such as number of activated cells, buffer status reports, and TDD UL/DL configuration. 

Unlike DC in LTE, for DC in NR the separation of carrier frequencies associated with the MgNB and the SgNB can be too large for a single transmitter antenna to cover. In such case, use of different sets of antennas needs to be considered for a UE to transmit to an MgNB and a SgNB. This may lead to simplification in UE operations related to UL transmissions such as for UL power control. 
Proposal 4: Consider use of different sets of antennas for UE transmission to an MgNB and for UE transmissions to a SgNB. 
3 Conclusions

This contribution considered aspects for DC operation in NR and proposes the following. 
Proposal 1: The UL power control modes in LTE DC are baseline for NR DC. 

Proposal 2: NR DC supports partitioning between an MgNB and a SgNB for the UE capabilities of the maximum number of PDCCH decoding operations, soft buffer, and maximum UL/DL TBS. 

Proposal 3: Consider support in NR DC for UE feedback to one node of parameters related to communication with the other node such as number of activated cells, buffer status reports, and TDD UL/DL configuration. 

Proposal 4: Consider use of different sets of antennas for UE transmission to an MgNB and for UE transmissions to a SgNB. 
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