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1 Introduction
A tight integration between LTE and NR has been studied in the research community and captured as a corresponding objective in the study item on New Radio Access Technology. Some control plane requirements have been discussed in [1], where it is observed that LTE/NR capable UEs are expected to perform frequent transitions in and out of NR. 
This contribution further analyses the potential UP impact due to frequent transitions between LTE and NR.
2 Discussion
2.1 Scenario and problem statement
As mentioned in [2], in early deployments, full NR coverage might not be available so that it will be quite common to have areas with wide LTE coverage and coverage islands of NR. This means that NR deployments provides hot spot coverage with reduced coverage at higher frequencies, while with wide LTE coverage deployed at lower frequencies. Therefore, a scenario where MCG is LTE with good coverage and SCG is NR with hot spot coverage is assumed to be common in early deployments.
In NR hotspot, it is possible for the UE to use either one of the links at a time or use both links simultaneously. The choice can base on criteria including link throughput, latency, and control channel overhead etc. Regardless of whether one link or both links are used, UP interruption and HO loss rate are two important metrics which need to be minimized to ensure that a continuous service is not affected when there is a link switch or a new link is added/removed.
The UP interruption is defined as the time duration during which a user device cannot exchange any user plane packets with any base station. The handover loss rate is calculated as the number of failed HOs divided by the total number of HOs. A HO fails if one of the HO-involved RRC signalling messages (such as measurement reports, or the HO-command itself) can’t be delivered successfully within the required time period. The HO loss rate is one of the key metrics to indicate how robust the mobility procedure is. 

There are two possible alternatives to achieve the link switch between LTE and NR in the scenario declared:
1) LTE IRAT HO based procedure
2) LTE DC based procedure. 

2.2 Comparison of the link switch procedures
2.2.1 LTE IRAT HO based link switch procedure

The existing LTE IRAT handover is one alternative for the link switch between LTE and NR. However, the IRAT handover may result an inevitable UP interruption which is illustrated in Figure 1 in an exemplified handover scenario. It is the time between the last TTI containing the Handover command on the old PDSCH and the time the UE starts transmission on the new PDSCH.
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Figure 1: Illustration of UP interruption in the simplified HO signalling procedure [3]

Observation 1 It is foreseen that there is an UP interruption during the link switch if the LTE IRAT HO procedure is used.
In NR hot spot scenario declared in section 2.1, NR has much more challenging propagation conditions at higher frequencies. It is likely that NR link radio quality experiences the sharp degradation when UE moves away from the hot spot area. This might give a risk for HO failure since the HO might not finish before the UE has left the NR coverage. 
Observation 2 The UE might experience HO failure when it moves away from NR hot spot since HO might not finish in time.
2.2.2 LTE DC based link switch procedure

DC is another alternative to enable service continuity, eliminate UP interruptions, and minimize connection drops. 
The UE reports measurement results in accordance with the measurement event triggering. Accordingly, NW chooses to take different action upon the reception of the measurement reports. An example is illustrated in Figure 2. Following the UE's path, different events occur at different time instants. NR eNB is added as SeNB when A4/B1 event (neighbour becomes better than threshold) is triggered e.g., when UE starts to move in NR hot spot. The triggering could also occur at other time instants depending on the measurement configuration. From now on, NR link is prepared for the data transmission while the data is transmitting via LTE link. NW chooses when to use only one link (LTE or NR) or use both links simultaneously when UE moves through NR hot spot, e.g., upon the triggering of certain measurement event.
While the NR link is configured, the LTE link can be kept. This means that user plane data may continuously flow, and even if the NR link configuration fails, the LTE signalling connection can be maintained. In other words, there is no UP interruption foreseen during the link switch since UE can keep both links active with the LTE DC feature. As a matter of fact, in the scenario above, the HO procedure is not needed. Therefore, there is no risk of a HO failure.
Observation 3 In the scenario described above, use of NR-LTE Dual Connectivity allows removing UP interruption times, and avoids the risk of connection drops by always keeping both links active.
Hence, LTE DC based procedure has clear benefits to avoid UP interruption and HO failures during the link switch, compared to LTE IRAT based procedure. 
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Figure 2: An example: DC measurement events for SeNB management and the link switch
Proposal 1 To achieve 0 ms UP interruption and avoid the connection drops, the LTE DC based procedure is preferable for the link switch for LTE/NR tight integration.

3 Conclusion
In section 2 we made the following observations:

Observation 1
It is foreseen that there is an UP interruption during the link switch if the LTE IRAT HO procedure is used.
Observation 2
The UE might experience HO failure when it moves away from NR hot spot since HO might not finish in time.
Observation 3
In the scenario described above, use of NR-LTE Dual Connectivity allows removing UP interruption times, and avoids the risk of connection drops by always keeping both links active.


Based on the discussion in section 2 we propose the following:

Proposal 1
To achieve 0 ms UP interruption and avoid the connection drops, the LTE DC based procedure is preferable for the link switch for LTE/NR tight integration.
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