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1. Introduction
During the discussion in last RAN2 meeting, UP architecture for LTE-NR interworking is focused on CA-like and DC-like architecture. In this contribution, we analyze the two architectures, and propose to focus on DC-like architecture. Furthermore, architectures for different DC bearer types are discussed; DC architectures to support two new bearer types are proposed to be studied further.
2. Discussion
2.1. Comparison between CA-like architecture and DC-like architecture
· CA-like architecture
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Figure 1  UP protocol stack of 4G-5G CA 
The user plane protocol stack for CA is illustrated in Figure 1. In CA, different cells are only visible at MAC layer. 
Advantage:
· Easy for network to support NR interface, due to only NR PHY and part of MAC function are introduced;
· Easily perform dynamic MAC scheduling across RATs.
Disadvantages:
· Impact LTE eNB MAC design due to common MAC for both LTE and NR;
· Block new UP protocol stack introduced since only MAC and PHY is involved for  NR design; 
· Do not support non-ideal backhaul;
· Not easy to extend to support NR standalone scenario. 
· DC-like architecture
Currently, two architectures are adopted for DC, which are illustrated in the following figures.
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Figure 2 UP protocol stack of 4G-5G DC (3C)        Figure 3  UP protocol stack of 4G-5G DC (1A)  
In DC-like architecture, NR and LTE L2 protocol stacks are more independent comparing with CA-like architecture. In case of 3C, NR L2 design only needs to consider the backward compatibility on the interaction with legacy PDCP in MeNB; and in case of 1A, whole NR L2 design is independent and backward compatibility is required only for the support of the interface to legacy core network.
Advantages:
· Less backward compatibility needs to be considered when designing the NR L2 design;
· Applicable for both ideal backhaul and non-ideal backhaul scenarios;
· No impact on legacy eNB L2 design except for PDCP in case of DC 3C.
Disadvantages:
· Standardization work on interface between LTE eNB and NR node is needed;
·  Backward compatibility between legacy CN and NR Node is needed for 1A architecture.
Table 1 provides comparison of CA like architecture vs DC like architecture for LTE-NR interworking. 
Table 1 Comparisons between CA and DC-like architecture for support of LTE-NR tight interworking
	
	CA- like architecture 
	DC-like architecture 3C
	DC-like architecture 1A

	Backward compatibility
	Within LTE MAC
	Between legacy PDCP and 5G NR L2 protocol stack (X2 interface)
	Between legacy CN and 5G NR node; (S1-U)

	Impact on LTE eNB UP design
	Impact MAC
	May impact PDCP
	No impact

	limitation on NR UP design
	High
	Medium 
	Low

	Scheduling flexibility across RATs
	Better, scheduling is controlled by the common MAC
	Good, PDCP can routing data across RATs according to buffer status of each RAT
	Bad, not supported 

	Impact on ENB and NR Node interface
	No, only support collocated scenario and ideal backhaul
	Yes
	No (for UP)

	Applicable on ideal backhaul
	Yes
	Yes
	Yes

	Applicable on non-ideal backhaul
	No
	Yes
	Yes

	Applicable for standalone
	No
	No
	Yes


Since scenarios applicable for CA-like architecture could also be realised with DC like architecture and further more scenario involving non-ideal backhaul is also applicable to DC like architecture, we think study of DC like architecture for tight LTE-NR interworking should be sufficient. 

Proposal 1: Select DC-like architecture for LTE-NR tight interworking. 
2.2. DC architecture
· 3C and 1A
Both DC 3C and 1A architectures are useful for LTE-NR interworking. If the capacity of the backhaul link between LTE and NR is large, very high data rate can be achieved via split bearer (3C). Otherwise, SCG bearer (1A) can be used to provide high data rate transmission required by NR system.
Proposal2: Both DC 3C and 1A architectures can be supported for LTE and NR interworking, depending on the characteristics of backhaul between LTE and NR.
· Architecture support SCG split bearer
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Figure 4 Architecture support SCG split bearer
In the RAN2#93bis meeting, the architecture support of SCG split bearer was proposed [2], which is illustrated in Figure 4. The SCG split bearer can provide some new benefits which can’t be provided by split bearer and SCG bearer:
· Compared with split bearer: Both split bearer and SCG split bearer can provide high throughput, i.e. the data can be transferred with the resource of LTE and NR simultaneously. However, the SCG split bearer doesn't require high capacity of the backhaul link between LTE and NR. Note that the data rate of LTE Uu is not as high as expected data rate in NR system.
· Compared with SCG bearer: Traffic interruption can be avoided by SCG split bearer in case SCG RLF, the data transmission can be maintained by MCG link. 
Proposal3: Study the architecture which can support SCG split bearer.
· Architecture support multi-link redundant transmission
In the last RAN2 meeting, some solutions are proposed to provide high reliable transmission for RRC message and URLLC user data, e.g. RRC diversity and multi-link transmission [3][4]. Both solutions suggest transmitting the copies of the same packet through different BTSs when UE connects to more than one BTSs. To support this feature, the architecture of DC needs to be enhanced with functionality to support duplicate packets transmission over different radio links. 
Proposal4: Study the architecture which can support multi-link redundant transmission to provide high reliable transmission for both RRC message and URLLC user data, with support of functionality to duplicate packets and route to different BTSs for transmission.
3. Conclusion

In this contribution, we analyze the two potential architectures for NR-LTE interworking, i.e. CA and DC like architectures. And propose:
Proposal1: Select DC-like architecture for LTE-NR tight interworking.
Besides, the varieties of architectures for DC are discussed and four varieties are proposed to be studied further.
Proposal2: Both DC 3C and 1A architectures can be supported for LTE and NR interworking, depending on the characteristics of backhaul between LTE and NR.
Proposal3: Study the architecture which can support SCG split bearer.
Proposal4: Study the architecture which can support multi-link redundant transmission to provide high reliable transmission for both RRC message and URLLC user data, with support of functionality to duplicate packets and route to different BTSs for transmission.
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