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1 Introduction 
The new SI for the study on New Radio Access Technology has been approved in RP-160671 and some RAN requirement for NR has been captured in TR 38.913. The requirement for tight-interworking in TR 38.913 can be found as follow

--------------------------------------------- from the TR 38.913 ------------------------------------------------------
-
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.

--------------------------------------------- from the TR 38.913 ------------------------------------------------------
The intention of this contribution is to give a brief analysis on the user plane for the tight interworking between LTE and NR.
2 Discussion 
2.1 For the scenario of non-ideal backhaul
In R12, the framework of dual-connectivity has been introduced to supports Dual Connectivity (DC) operation whereby a multiple Rx/Tx UE in RRC_CONNECTED is configured to utilise radio resources provided by two distinct schedulers, located in two eNBs connected via a non-ideal backhaul over the X2 interface. Considering the LTE/NR tight interworking with non-ideal backhaul is quite similar as the scenario of dual-connectivity, we think the dual-connectivity based LTE/NR tight interworking can be considered as an alternative in the S1 based LTE/NR tight interworking.
Proposal 1: Considering the LTE/NR tight interworking with non-ideal backhaul is quite similar as the scenario of dual-connectivity, the framework of dual connectivity can be considered as the baseline for the LTE/NR tight interworking with non-ideal backhaul.
The architecture for the LTE/NR tight interworking based on DC can be found as follow:
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Figure 1: LTE/NR tight-interworking based on the framework of dual-connectivity

The user plane architecture for dual-connectivity can be found as follow:
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Figure 2: Radio Protocol Architecture for Dual Connectivity
Based on the user plane architecture for dual-connectivity in LTE, a simple interpretation of the architecture of DC based LTE/NR tight interworking is shown as follow:
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Figure 3: Architecture of DC based LTE/NR tight interworking
As shown in the figure above, for the split bear, the user plane data will be splitted in PDCP layer, and two separate RLC will be located in MeNB and SeNB respectively, which means the data retransmission across eNB can not be supported. In the NR, considering the characteristic of data transmission in high-frequency band (e.g. mmW), the data transmission may be blocked in seconds due to the blockage and defenses in high-frequency band. In order to overcome the transmission interruption caused by blockage and deafness in high-frequency band, high efficiency data retransmission mechanism across LTE and NR should be considered, and once the transmission interruption due to blockage and deafness has been detected, the data can be retransmitted in LTE branch.

Proposal 2: For the LTE/NR tight interworking based on the framework of DC, in order to overcome the interruption caused by the blockage and deafness in high frequency band, the data retransmission across LTE/NR should be supported.
In order to support the data retransmission across LTE/NR, one straight way is to introduce the data retransmission function in PDCP. In which case, once the transmission problem is detected by NR, one retransmission indicator can be sent to MeNB to trigger the data retransmission on LTE branch. One example is given as follow:
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Figure 4: Example for the data retransmission in DC
Based on the figure above, it can be seen that, since the RLC will always delivery the RLC PDU in sequence way and the retransmission PDCP PDU can only be put at the end of RLC transmission queue of the RLC entity in MeNB, some unnecessary reordering delay may be introduced on the receiving side.  
In order to enable the high-efficiency data retransmission across LTE and NR in the LTE/NR tight interworking, some enhancement should be considered based on the framework of DC.
Proposal 3: In order to enable the high-efficiency data retransmission across LTE and NR in the LTE/NR tight interworking, some enhancement should be considered based on the framework of DC.
Moreover, in the current framework of DC, considering the user plane anchor point for the split bear can only be located in MeNB, if the user plane path from NR to Local-GW directly is expected, the SCG bear is the only choice. However, considering the blockage and deafness in high frequency band, even the SCG bear need the assistance from LTE to guarantee the service quality. Considering the frequently bear type change (e.g. SCG bear to MCG bear) will cause unnecessary signaling and user plane interruption, one potential solution is to enable the split bear with user plane anchored at NR (SeNB).  One figure is given as follow to show the user plane architecture of split bear with user plane anchored at NR (SeNB).
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Figure 5: User plane architecture of split bear with user plane anchored at NR
In order to support the efficient user plane paths, which have been captured as a requirement for 5G in TR 23.799, we propose to support the split bear with user plane anchored at NR.
Proposal 4: In order to support the efficient user plane paths and save the unnecessary signaling and user plane interruption caused by bear type change (e.g. SCG bear to MCG bear), we propose to support the split bear with user plane anchored at NR.

2.2 For the scenario of ideal backhaul/collocated
In LTE, the framework of dual-connectivity is designed for non-ideal backhaul specifically, and for the ideal backhaul/collocated scenarios, the carrier aggregation can be used to provide the multiple connections with better transmission efficiency. However, in the framework of CA, only one MAC entity will be configured for all the serving cells. If the CA framework is reused in the LTE/NR tight interworking, a unified MAC entity will be used for both LTE and NR, which will cause a significant complexity in the design of MAC protocols (e.g. some compatible issues have to be considered).  In order to save the complexity and decouple the LTE MAC protocol and NR MAC protocol, it is suggested that, even in case of ideal backhaul and collocated scenario, separate MAC entities will be used for LTE and NR respectively in the LTE/NR tight interworking.
Proposal 5: For the case of ideal backhaul/collocated scenario, in order to save the complexity and decouple the LTE MAC protocol and NR MAC protocol, separate MAC entities should be used for LTE and NR in the LTE/NR tight interworking.
Since two separate MAC entities are configured for LTE and NR respectively, the data split entity has to be moved from MAC to upper layer user plane entities. Considering the requirement of inter-RAT data retransmission, which has been discussed in section 2.1, the RLC will be the straight choice for the data split point. One example can be found as follow:
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Figure 6: User plan architecture for the data splitted in RLC
It can be seen the figure shown above is quite similar as the alternative 2D studied for dual-connectivity. 

[image: image7.emf]MeNB

PDCP

RLC

MAC

SeNB

PDCP

RLC

MAC

S1

Xn

RLC


Figure 7: Alternative 2D

Since separate MAC entities are used for LTE and NR, the only essential technical difference with DC is: where and how to split and transmit what kind of PDUs. In order to have a unified framework for both ideal backhaul/collocated and non-ideal backhaul scenarios, it is suggested to consider the framework of DC as baseline for the LTE/NR tight interworking for both the ideal backhaul/collocated scenarios, and reconsider the user plane function split between LTE (MeNB) and NR (SeNB) if necessary.
Proposal 6: For the case of ideal backhaul/collocated scenario, it is suggested to consider the framework of DC as baseline and reconsider the user plane function split between LTE (MeNB) and NR (SeNB) if necessary.
3 Conclusion 
RAN2 is kindly asked to discuss the issue given above and adopt the proposals list as follow:
For the non-ideal backhaul based LTE/NR tight interworking
Proposal 1: Considering the LTE/NR tight interworking with non-ideal backhaul is quite similar as the scenario of dual-connectivity, the LTE/NR tight interworking based on the framework of dual connectivity can be considered as an alternative solution for the LTE/NR tight interworking.

Proposal 2: For the LTE/NR tight interworking based on the framework of DC, in order to overcome the interruption caused by the blockage and deafness in high frequency band, the data retransmission across LTE/NR should be supported.
Proposal 3: In order to enable the high-efficiency data retransmission across LTE and NR in the LTE/NR tight interworking, some enhancement should be considered based on the framework of DC.
Proposal 4: In order to support the efficient user plane paths and save the unnecessary signaling and user plane interruption caused by bear type change (e.g. SCG bear to MCG bear), we propose to support the split bear with user plane anchored at NR.

For the ideal backhaul/collocated based LTE/NR tight interworking

Proposal 5: For the case of ideal backhaul/collocated scenario, in order to save the complexity and decouple the LTE MAC protocol and NR MAC protocol, separate MAC entities should be used for LTE and NR in the LTE/NR tight interworking.
Proposal 6: For the case of ideal backhaul/collocated scenario, it is suggested to consider the framework of DC as baseline and reconsider the user plane function split between LTE (MeNB) and NR (SeNB) if necessary.
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The NR eNB should inform the MeNB to trigger the data retransmission. If the data has been removed from MeNB, data forwarding will be triggered.
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Even the data retransmission can be triggered by the PDCP of MeNB, the retransferred PDCP PDU will be put at the end of RLC transmission queue, which may lead to a reordering delay in the receiving side.
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