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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. As an important requirement, the tight-interworking between the new RAT and LTE has been captured as well, and the detail of the requirement 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 architecture for the tight interworking between LTE and NR.
2 Operation mode for LTE/NR tight interworking 
According to the RAN-Core interface used in the LTE/NR tight interworking, the LTE/NR tight interworking can be divided into two modes.

· Mode 1: LTE based LTE/NR tight interworking (i.e. LTE eNB work as MeNB)
· Mode 2: NR based LTE/NR tight interworking (i.e. NR node work as MeNB).
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Figure 1: Mode of LTE/NR tight interworking
Since the NR based LTE/NR tight interworking (i.e. mode 2) will be based on standalone NR, and can only be available when the standalone NR is ready, also considering the LTE have already been widely deployed and the LTE based LTE/NR tight interworking will be the most useful scenario at the earlier stage of NR, we think the LTE based LTE/NR tight interworking should be considered as higher priority and the NR based tight interworking can be studied later till some progress have been made in the standalone NR. 

Proposal 1: Both the LTE based LTE/NR tight interworking and the NR based LTE/NR tight interworking could be studied. However, the LTE based LTE/NR tight interworking should be considered as higher priority, and the NR based tight interworking can be studied later till some progress have been made in the standalone NR. 
The support of multiple verticals are captured in the TR 38.913 as a requirement for NR, however, it is not clear whether only the eMBB should be considered in the LTE/NR tight interworking. Moreover, some performance requirement, such as user plane latency, have also been captured in TR 38.913, and different requirement has been identified for different verticals (e.g. eMBB, URLLC). 

--------------------------------------------------- from TR 38.913 start------------------------------------------------------

7.5
User plane latency

The time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point via the radio interface in both uplink and downlink directions, where neither device nor Base Station reception is restricted by DRX.
For URLLC the target for user plane latency should be 0.5ms for UL, and 0.5ms for DL. Furthermore, if possible, the latency should also be low enough to support the use of the next generation access technologies as a wireless transport technology that can be used within the next generation access architecture.

NOTE1:
The reliability KPI also provides a latency value with an associated reliability requirement. The value above should be considered an average value and does not have an associated high reliability requirement.

For eMBB, the target for user plane latency should be 4ms for UL, and 4ms for DL.

NOTE2:
For eMBB value, the evaluation needs to consider all typical delays associated with the transfer of the data packets in an efficient way (e.g. applicable procedural delay when resources are not preallocated, averaged HARQ retransmission delay, impacts of network architecture).
--------------------------------------------------- from TR 38.913 end------------------------------------------------------

From the definition above, it can be observed that, if the LTE/NR tight interworking is deployed, the user plane latency will also be impacted by the transmission latency in the LTE branch and in the backhaul (e.g. X2 interface), which may delay the overall user plane latency. Since the NR based LTE/NR interworking may be considered as new RAT from the Core’s point of view, we want to clarify whether the performance requirement given in TR 38.913 will also be available for the LTE/NR tight interworking, especially for the NR based LTE/NR tight interworking (NextGen-Core based LTE/NR interworking.).  
Proposal 2: RAN2 is kindly asked to clarify that whether only the eMBB will be considered in the LTE/NR tight interworking and whether the performance requirement given in TR 38.913, such as user plane latency, should be considered in LTE/NR tight interworking, especially for the NR based LTE/NR tight interworking.
If the user plane latency performance requirement given TR 38.913 will be considered in the LTE/NR tight interworking, considering the 0.5ms UP latency for URLLC and the 4ms latency for eMBB, we think the direct user plane path between NR and EPC (e.g. similar as 1A in DC) should be supported in LTE based LTE/NR based interworking.
Proposal 3: If the requirement of user plane latency captured in TR 38.913 will be considered in LTE/NR tight interworking, the direct user plane path between NR and EPC should be supported in LTE based LTE/NR tight interworking.
3 Architecture for the LTE based LTE/NR tight interworking
3.1 For the case 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 baseline for the LTE based LTE/NR tight interworking. Also, considering the support of high efficiency transportation path and user plane latency requirement specified in TR 38.913, both the 1A and 3C should be supported in the LTE/NR tight interworking. The architecture for the LTE based LTE/NR tight interworking based on DC can be found as follow:
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Figure 2: LTE/NR tight-interworking based on the framework of dual-connectivity
Proposal 4: The dual-connectivity based framework should be considered as the baseline in the LTE based LTE/NR tight interworking with non-ideal backhaul and both 1A and 3C should be supported. 
3.2 For the case of collocated and ideal backhaul
In LTE, the framework of dual-connectivity is designed for non-ideal backhaul specifically, and for the ideal backhaul, the CA and CoMP can be used to provide the multiple connections with better transmission efficiency. For the similar considering, one straight way is to reuse the CA similar framework for LTE/NR tight interworking in case of ideal backhaul or collocated site scenario. One example can be found as follow:
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Figure 3: Example for CA based LTE/NR tight interworking

However, it can be observed that if the CA framework is reused in the LTE based 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 and the DC based framework should be considered as baseline in the LTE based LTE/NR tight interworking. More details can be referred to [4].
Proposal 5: For the case of collocated or ideal-backhaul, separate MAC entities will be used for LTE and NR respectively and the dual-connectivity based framework should be considered as the baseline for the LTE based LTE/NR tight interworking. 
4 Conclusion 
RAN2 is kindly to discuss the issue listed in this contribution and adopted the proposals and observations as follow:
Proposal 1: Both the LTE based LTE/NR tight interworking and the NR based LTE/NR tight interworking could be studied. However, the LTE based LTE/NR tight interworking should be considered as higher priority, and the NR based tight interworking can be studied later till some progress have been made in the standalone NR. 

Proposal 2: RAN2 is kindly asked to clarify that whether only the eMBB will be considered in the LTE/NR tight interworking and whether the performance requirement given in TR 38.913, such as user plane latency, should be considered in LTE/NR tight interworking, especially for the NR based LTE/NR tight interworking.

Proposal 3: If the requirement of user plane latency captured in TR 38.913 will be considered in LTE/NR tight interworking, the direct user plane path between NR and EPC should be supported in LTE based LTE/NR tight interworking.
Proposal 4: The dual-connectivity based framework should be considered as the baseline in the LTE based LTE/NR tight interworking with non-ideal backhaul and both 1A and 3C should be supported. 
Proposal 5: For the case of collocated or ideal-backhaul, separate MAC entities will be used for LTE and NR respectively and the dual-connectivity based framework should be considered as the baseline for the LTE based LTE/NR tight interworking. 
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