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1	Introduction
RAN#75 has approved the work item on new radio (NR) access technology. According to the WID [1], the NR should specify the dual connectivity between E-UTRAN and NR, and the Dual connectivity (DC) within NR. 
-	Dual Connectivity between E-UTRA and NR, for which the priority is where E-UTRA is the master and the second priority is where NR is the master, and Dual Connectivity within NR, including:
-	Standardizing bearer types recommended in TR 38.804 [RAN2];
-	Necessary physical layer mechanisms including UL power control [RAN1];
-	Identify band combinations and corresponding requirements [RAN4].
This contribution gives an overview of the user plane architecture for the dual connectivity within NR. 
2	Discussion
2.1 Deployment scenarios
In LTE, "dual connectivity" refers to the operation where a given UE consumes radio resources provided by at least two different network points (i.e. eNBs) connected with non-ideal backhaul. It is assuming the scenario where macro and small cells are operating on different carrier frequencies (inter-frequency) and hence targeting capacity boosting for the UEs. 
Obsevation#1: LTE DC is restricting to inter-frequency aggregation for capacity boost.
[bookmark: _GoBack]The inter-frequency scenario continues to be a popular case in the NR deployment, where NR DC can be applied to achieve the ultra-high throughput for eMBB services. In addition, the NR can be deployed in homogeneous manner i.e. macro or small cells only on the same carrier frequency. In particular, if standalone NR is deployed in higher frequency small cells, the UE radio connection is endangered by the rapid link variation and sudden blockage. Keeping the radio connections to multiple cells could benefit the service continuation and minimize the interruption time in case of link failure. Therefore, intra-frequency multi-connectivity shall be taken into account when specifying NR DC. The details are discussed in [2]. 
Proposal 1: Both inter-frequency and intra-frequency scenarios shall be considered for NR dual connectivity. 
2.2 User plane architecture
In LTE DC, the radio protocol architecture is specified depending on how the bearer is setup. Three bearer types exist: MCG bearer, SCG bearer and split bearer. The UE can aggregate the radio resources from both MeNB and SeNB when being configured with either SCG bearer or split bearer. These bearer types should still be adopted in the NR system.
Proposal 2: The split bearer via MCG (i.e. 3C bearer) and direct routing/SCG bearer (i.e. 1A bearer) should be adopted for NR-NR dual connectivity.
In addition to these LTE-like bearer types, there has been extensive study on SCG split bearer and it was agreed to adopt it for LTE-NR DC. The solution was raised because the LTE eNB, as the master node, may become the limiting factor to the achievable bit rate, resulting in under-utilization of the SCG-link. The discussion further clarified that SCG split bearer is applied to scenario 3 and scenario 7, but not to scenario 4 where NR is the master [3].
In the NR system, it is supposed to use any spectrum band ranging at least up to 100 GHz that may be made available for wireless communications. Considering the availability of spectrum resources, NR should support scalable bandwidth and processing capabilities depending on the deployments, services etc. For instance, an order of 1GHz bandwidth can be assumed for higher frequency while only several 100MHz bandwidth can be expected for 6GHz. In this sense, similar problem arises when NR deployed in macro has less buffering or processing capability comparing to the NR in small cells. It is still beneficial to terminate the user plane in SCG and split the data to MCG. 
Proposal 3: SCG split bearer shall be adopted for NR DC.    
Given above discussion, it is suggested to adopt the user plane radio protocol architecture for NR DC as shown in Fig.1. 
Proposal 4: It is proposed to adopt Fig.1 as the UP radio protocol architecture for NR DC.


Figure 1: User plane options in LTE Dual connectivity
For data radio bearers (DRBs), SCG split bearer differs from MCG split bearer in that it terminates the user plane at SgNB. It is expected to achieve the similar performance as MCG split bearer, in terms of user throughput, mobility robustness and backhaul requirements. It is therefore sufficient to configure one of them depending on the capability of the NR gNBs. However, it is still possible that MCG split bearer may be configured for signalling radio bearer (SRBs), while SCG split bearer is configured for DRBs. 
Proposal 5: For DRBs, MCG split bearer and SCG split bearer cannot be configured at the same time. 
In LTE DC, the bearer types apply to DRBs while the SRB is always anchored in MgNB. The simultaneous configuration of SCG bearer and split bearer for DRBs is not supported, i.e. it is not possible to have both the split bearer and direct routing bearers at the same time for a single UE. However, since the two types of bearers have different features (e.g. split bearer has more flexibility on the load balancing operations controlled by MeNB, and direct routing bearers provide static radio offloading option for MeNB), they may work for different services with different QoS requirements. In addition, data duplication is agreed to be supported by PDCP which also builds on the split bearer type. In order to support a number of parallel different services in NR for a single UE, it is expected to configure different types of bearers at the same time for different services. In table I, we identify the potential combinations of bearer types. In particular, the coexistence of MCG bearer and MCG/SCG split bearer, as well as the coexistence of SCG bearer and MCG/SCG split bearer should be enabled for DRBs in NR DC. 
Table 1 combinations of different bearer types for DRBs in NR DC
	Coexistence of bearer types for DRBs
	MCG bearer
	MCG split bearer
	SCG bearer
	SCG split bearer

	MCG bearer
	N/A
	Yes
	Yes
	Yes

	MCG split bearer
	Yes
	N/A
	Yes
	No (for DRBs)

	SCG bearer
	Yes
	Yes
	N/A
	Yes

	SCG split bearer
	Yes
	No (for DRBs)
	Yes
	N/A



Proposal 6: The coexistence of MCG bearer and MCG/SCG split bearer, as well as the coexistence of SCG bearer and MCG/SCG split bearer should be enabled for DRBs in NR DC .
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]2.3 Data transmission mode
The objective of LTE DC is to improve the capacity, therefore data split is specified to benefit from the aggregated data transmission over multiple carrier frequencies. However, NR is design not only for capacity, but also targeting ultra-reliability and low latency.  To this end, data duplication is one of the candidate solution to improve the robustness and reliability, for both control plane and user plane [4]. The impact due to duplication needs to be studied in NR-NR DC scenarios [5]. In addition, as we pointed out in section 1, it is proposed to study the aggregation of cells of same frequency (i.e., intra-frequency multi-connectivity). Considering the inter-cell interference on the same carrier frequency, the fast data switching, in addition to data aggregation, can be considered to improve the link robustness.
Proposal 7: It is proposed to specify not only LTE-DC like data aggregation, but also enable the data duplication/switching for NR DC.
3	Conclusion
This contribution discusses the user plane architecture for NR dual connectivity and the following was proposed:
Obsevation#1: LTE DC is restricting to inter-frequency aggregation for capacity boost.
Proposal 1: Both inter-frequency and intra-frequency scenarios shall be considered for NR dual connectivity. 
Proposal 2: The split bearer via MCG (i.e. 3C bearer) and direct routing/SCG bearer (i.e. 1A bearer) should be adopted for NR-NR dual connectivity.
Proposal 3: SCG split bearer shall be adopted for NR DC.    
Proposal 4: It is proposed to adopt Fig.1 as the UP radio protocol architecture for NR DC.
Proposal 5: For DRBs, MCG split bearer and SCG split bearer cannot be configured at the same time. 
Proposal 6: The coexistence of MCG bearer and MCG/SCG split bearer, as well as the coexistence of SCG bearer and MCG/SCG split bearer should be enabled for DRBs in NR DC .
Proposal 7: It is proposed to specify not only LTE-DC like data aggregation, but also enable the data duplication/switching for NR DC.
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