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1 Introduction
Support of dual connectivity was agreed as part of Rel-15 NR design in [1] and the following decisions related to NR dual connectivity were made at RAN1 #88bis as general design principles [2]. 
	Agreements:
· Both synchronous and asynchronous dual connectivity are support for LTE-NR/NR-NR DC
· 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 document, we address some of the questions related to the physical layer operations in dual connectivity. 

2. Discussion
2.1 Deployment scenarios 

The following scenarios and requirements for LTE-NR DC and NR-NR DC were capatured as follows in TR 38.913 [2]:
The RAN design for the Next Generation Radio Access Technologies shall be designed to fulfill the following requirements:

-
The RAN architecture shall support tight interworking between the new RAT and LTE.

-
Considering high performing inter-RAT mobility and aggregation of data flows via at least dual connectivity between LTE and new RAT. This shall be supported for both collocated and non-collocated site deployments.
In LTE Rel-12, the basic assumption for dual connectivity is to aggregate carriers for a given UE from non-collocated transmission points separated by non-ideal backhaul. As highlighted above, one difference between Rel-12 LTE DC and LTE-NR DC is that LTE-NR DC also needs to support the case of aggregating from sites separated by ideal backhaul.  
Observation 1: 

· Both collocated and non-collocated site deployments need to be considered for LTE-NR DC design. 

2.2 UCI transmission 
In LTE DC operation, there are two PUCCHs: one on PCell to carry UL Control Information (UCI) for cells in MCG and the other one on pSCell to carry UCI for SeNB (i.e., it corresponds to the SCG). 
NR supports different numerologies, i.e., with different sub-carrier spacing and, hence, with different symbol and slot duration on different CCs. Regarding the non-colocated deployment scenario, it was agreed that independent HARQ mechanisms/procedures between the cell-groups are operated for LTE-NR and NR-NR DC with regard to several design aspects, e.g., determination of HARQ-ACK timing and PUCCH resources, PUCCH formats, UCI feedback schemes, etc. In our view, the UCI transmision rule defined for LTE DC can serve as starting point for NR DC. Given the significant differences in terms of timing and UCI transmission frameworks between NR and LTE, the support of cross-RAT scheduling and UCI transmission could be possible but it would create big challenges and complicate the overall LTE-NR DC operation. To mitigate this problem, one simple approach can be to form PUCCH groups based on the CCs of each RAT, as depicted in FIG1 below. The UCI feedback schemes of LTE and NR can be independently applied within each PUCCH cell group. This approach can enable efficient UCI feedback operation with minimum standardization effort.
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Figure 1: One example of CCs grouping for PUCCH transmissions

Proposal 1: 

· PUCCH transmissions on two serving cells are realized for LTE-NR DC as follows: 
· On one LTE CC for LTE CCs in PUCCH cell group 1
· On the other NR CC configured by higher layers to carry PUCCH for CCs in PUCCH cell group 2. 
· The UE procedures for PUCCH transmission are independent between PUCCH groups, at least including determination of DL HARQ-ACK timing, PUCCH resource determination for HARQ-ACK and CSI. 

2.3. Power control 
Two power control modes (i.e. Power Control Mode 1 and 2) were defined in LTE DC for synchronous and asynchronous cases. To simplify the NR design, the power control mechanism of NR DC can start from the schemes defined for LTE. 
Some modifications on power sharing and scaling approaches can be considered for the power limited case, e.g., taking into account different numerologies across NR CCs. In general, Power headroom (PH) reports in LTE provide information to the eNB on how much power is available at the UE and how much backoff the UE had to apply in the current UL allocation. At least for the co-located LTE-NR DC scenario, the scheduling decisions and/or strategy on the two RATs can be known given the existence of a single network scheduler. For this use case, a single PH report may be sufficient to inform the network node about the PH of all LTE and NR cells in a particular reference subframe to avoid duplicated UL transmissions. Related open issues regarding power control for LTE-NR DC are discussed in detail in our companion contribution [3]  
Proposal 2: 
· The Power Control Mode 2 defined for Rel-12 LTE DC can be the starting point for LTE-NR DC considering the potential existence of different numerologies of the aggregated NR CCs. 
· Further studies are needed to decide on the power sharing and scaling schemes and PH report for NR-LTE DC operation. 
3. Conclusions
Based on the discussion in the paper, to support dual connectivity operation for Rel-15 NR we make one observation and propose the following:
Observation 1: 

· Both collocated and non-collocated site deployments need to be considered for LTE-NR DC design. 

Proposal 1: 

· PUCCH transmissions on two serving cells are realized for NR DC as follows: 

· On one LTE CC for LTE CCs in PUCCH cell group 1

· On the other NR CC configured by higher layers to carry PUCCH for CCs in PUCCH cell group 2. 
· The UE procedures for PUCCH transmission are independent between PUCCH groups, at least including determination of DL HARQ-ACK timing, PUCCH resource determination for HARQ-ACK and CSI. 

Proposal 2: 
· The Power Control Mode 2 defined for Rel-12 LTE DC can be the starting point for LTE-NR DC considering the potential existence of different numerologies of the aggregated NR CCs. 
· Further studies are needed to decide on the power sharing and scaling schemes and PHR report for NR-LTE DC operation. 
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