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1. Introduction
In RAN#72, the scenario “LTE/NR tight interworking with LTE as MeNB” has been confirmed, and the LTE MeNB can be connected to either EPC with S1 interface or to NextGen Core with NG1 interface. In RAN2#94, the performance requirement for LTE/NR tight interworking has been discussed in R2-163733 and some companies think the LTE/NR tight interworking should also achieve the performance requirement captured in TR 38.913. The intention of this contribution is to give some analysis on the performance of LTE/NR tight interworking with LTE as MeNB.
2. Performance for LTE/NR tight interworking
Lots of performance requirements for NR have been capture in the TR 38.913. In this section, the requirement on CP latency and UP latency will be analyzed for the LTE/NR tight interworking.
Control plane latency
The requirement for control plane latency in TR 38.913 can be found as follow:

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

7.4 Control plane latency

Control plane latency refers to the time to move from a battery efficient state (e.g., IDLE) to start of continuous data transfer (e.g., ACTIVE).

The target for control plane latency should be 10ms.

------------------------------------------ from 38.913 end ----------------------------------------

It has been agreed in RAN2#94 that “UE has a single RRC state machine based on the master, and single control plane connection to CN”. So, in the LTE/NR tight interworking with LTE as MeNB, the battery “efficient state” will refer to the IDLE state in LTE, in which case the CP latency in LTE/NR tight interworking equals to the CP latency in LTE (i.e. LTE/NR tight interworking will not introduce any improvement on the CP latency). Based on the analysis of CP latency in LTE provided in RAN2 meeting before, it can be observed that the 10ms CP latency (i.e. from IDLE to CONNECTED) can not be achieved by the LTE/NR tight interworking with LTE as MeNB.

Proposal 1: The CP latency captured in TR 38.913 can not be achieved in the LTE/NR tight interworking with LTE as MeNB.
User plane latency
The requirement for user plane latency in TR 38.913 can be found as follow:

------------------------------------------ from 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 38.913 end ----------------------------------------

Since the UP latency refers to the time takes to “successfully deliver an application layer packet/message in radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point”, the latency of different bearer type may consist of different part.
For the splitted bearer, the UP latency may consist of the latency caused by the following aspect:
· Backhaul transmission latency: latency caused by the transmission over X2-U between LTE MeNB and NR SeNB 
· Scheduling latency: The latency caused by the scheduling (e.g. waiting for the transmission opportunity indicated by lower layer).
· HARQ latency: The latency caused by the HARQ operation. Averaged HARQ retransmission delay should be considered.
· Reordering latency: For the split bearer, the PDCP should enable the reordering function to guarantee the in-sequence delivery of PDCP SDU to upper layers.
Considering the latency caused by the reordering in the PDCP of reception side, the overall latency will depend on the slowest connection in the LTE/NR tight interworking.
Observation 1: For the splitted bearer, considering the reordering in the PDCP of reception side, the overall latency will depend on the slowest branch (i.e. the latency on the LTE branch in the LTE/NR tight interworking).
As the slowest branch in the LTE/NR tight interworking, based on the current LTE protocol, LTE cannot achieve the performance requirement of UP latency captured in TR 38.913. Even the UP latency of LTE branch can be enhanced (e.g. in the WI L2 latency reduction techniques for LTE) to fulfil the requirement of UP latency capture in 38.913, since it is difficult for the MeNB to estimate the scheduling latency on SeNB side, it is still difficult for the splitted bearer to achieve the requirement of UP latency.
Proposal 2: For the splitted bearer, the UP latency captured in TR 38.913 can not be achieved.

For the SCG bearer, since the PDCP SDU from S1-U will be directly delivered to the PDCP of NR SeNB, the UP latency for SCG bearer is the same as the UP latency for standalone NR.
Observation 2: For the SCG bearer, the UP latency is the same as the UP latency for standalone NR.

As the performance requirement captured in RAN TR for NR, it can be foreseen that the UP latency can be achieved by the standalone NR anyway. So, based on observation 3, we think the UP latency for SCG bearer can be achieved in the LTE/NR tight interworking.
Proposal 3: For the SCG bearer, the UP latency captured in TR 38.913 can be achieved.
Based on all the analysis above, in order to achieve the UP latency required in TR 38.913, we propose to support SCG bearer in LTE/NR tight interworking.

Proposal 4: In order to achieve the UP latency required in TR 38.913, the SCG bearer should be supported in LTE/NR tight interworking with LTE as MeNB.

3. Conclusion
Here we kindly propose follows:
For the requirement of CP latency 

Proposal 1: The CP latency captured in TR 38.913 can not be achieved in the LTE/NR tight interworking with LTE as MeNB.

For the requirement of UP latency

Observation 1: For the splitted bearer, considering the reordering in the PDCP of reception side, the overall latency will depend on the slowest branch (i.e. the latency on the LTE branch in the LTE/NR tight interworking).

Proposal 2: For the splitted bearer, the UP latency captured in TR 38.913 can not be achieved.

Observation 2: For the SCG bearer, the UP latency is the same as the UP latency for standalone NR.

Proposal 3: For the SCG bearer, the UP latency captured in TR 38.913 can be achieved.

Proposal 4: In order to achieve the UP latency required in TR 38.913, the SCG bearer should be supported in LTE/NR tight interworking with LTE as MeNB.
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