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Introduction
The most operators will deploy EN-DC to support eMBB service in their first stage of 5G deployment, and after that stage, new SA network may be deployed together with part of EN-DC base stations software upgraded to NSA/SA dual mode. So there will be regions only support NSA co-existing with regions that support NSA/SA or SA only. When NSA/SA dual mode UE moves out of NR SA or NSA/SA cell coverage to NSA cell coverage, direct configuration of EN-DC during inter-RAT handover can reduce the DC configuration latency and quickly recover service data rate after HO procedure. From the operator’s point of view, it would be beneficial to support SA to EN-DC HO in NR practical network. However, the NR SA to EN-DC HO is not supported in Rel-15 for time limitations as clarified in [1]. The intention of this contribution is to discuss the scenario and gives some analysis on the RAN2 impact.
Discussion
Scenarios and Requirements
The main driver for employing EN-DC is to utilize the extended bandwidth provided by NR spectrum, while keeping the control signalling on LTE. So EN-DC is a good solution to provide high date rate for 2C service in first stage of 5G deployment. In order to provide 2B service, such as uRLLC service, in certain areas, the operators will consider to upgrade part of EN-gNBs to support EN-DC and SA access simultaneously. So there is a boundary between SA and NSA region for the NSA/SA dual mode UE. As per Rel-15 specification, when the NSA/SA dual mode UE moves out of NR SA cell coverage, it would handover to LTE firstly and then up to the network implementation the eNB may perform subsequent SN addition immediately or after a while. This will result in more control plane messages and service data rate decline. This also happens when EPS fallback is triggered, the eMBB service has to handover to a LTE cell together with the voice service. We must say that this is not a perfect solution. Ideally, the eMBB service should be kept in the source NR cell during the EPS fallback procedure to achieve better experience.
Oberservation1: Support handover from NR SA to EN-DC can reduce signalling overhead and confirm consistent high data rate for eMBB service.
Oberservation2：Handover from NR SA to EN-DC can be applied to scenarios such as mobility from SA coverage to NSA coverage and EPS fall back in SA/NSA overlap coverage.
In Rel-15, the HO from NR SA to EN-DC is not supported due to time limitations. Now the NR to LTE Handover has been fully supported in Rel-15. From the technical point of view, there are no obstacles for supporting NR SA to EN-DC HO in Rel-16. 
Proposal 1: The NR SA to EN-DC handover shall be supported in Rel-16.



Figure 1 UE moves out of SA coverage to EN-DC
RAN2 Impact Anaylsis
To support HO from SA to EN-DC, the target eNB need to get the measurement result of neighbour EN-gNBs during the handover preparation stage. After the target eNB setup SCG cells, it shall include the target SCG cells configuration into the response message to the source network. When the source network sends handover command to the UE it shall include the RRC configuration of both the target eNB and the SCG cells. The UE support NR SA to EN-DC HO will synchronizes to the target eNB and SCG cells according to the configuration for eNB and NR SCG. Proposal 2: RAN2 specify the procedure and protocol requirement of inter-RAT HO from SA to EN-DC in 37.340, 36.331, 38.331, 38.306/36.306 if needed.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The feature of NR SA to EN-DC HO may not be supported for all the commercial NR UE. To avoid the network configure EN-DC during inter-RAT handover for UE do not support this feature, UE capability indicating support of NR SA to EN-DC HO need to be included during UE capability report and be transported from source network to target network.  
Observation3: 	If not all the UEs support the feature of NR SA to EN-DC HO, there may be some compatible issues between these UEs and network supporting this feature.  
Proposal 3: Add a new UE capability indicator for NR SA to EN-DC HO.  
For all the issues above we also have a RAN3 contribution [2] to discuss the impact on RAN3.
Conclusion
In the previous sections we made the following observations: 
Oberservation1: Support handover from NR SA to EN-DC can reduce signalling overhead and confirm consistent high data rate for eMBB service.
Oberservation2：Handover from NR SA to EN-DC can be applied to scenarios such as mobility from SA coverage to NSA coverage and EPS fall back in SA/NSA overlapping coverage.
Observation3: 	If not all the UEs support the feature of NR SA to EN-DC HO, there may be some compatible issues between these UEs and network supporting this feature.  
Based on the discussion in the previous sections we propose the following:
Proposal 1: The NR SA to EN-DC handover shall be supported in Rel-16.
Proposal 2: RAN2 specify the procedure and protocol requirement of inter-RAT HO from SA to EN-DC in 37.340, 36.331, 38.331, 38.306/36.306 if needed.
Proposal 3: Add a new UE capability indicator for NR SA to EN-DC HO.  
Reference procedure
NR to EN-DC
The NR to EN-DC change procedure is used to transfer UE context data from a source gNB to a target eNB MN that adds an EN-gNB SN during the handover.

 
Figure 10.9.x-1: NR to EN-DC change procedure
Figure 10.9.x-2 shows an example signalling flow for NR to EN-DC change procedure:
1. Step 1-5 from clause 4.11.1.2.1 (5GS to EPS handover using N26 interface) in TS 23.502. 
2. The Target MME sends Handover Request message to the target eNB which creates the UE context in the target eNB. The Handover request message contains candidate E-UTRAN cells and NR cells information, if available.
3a. The target eNB, based on the UE capability and candidate cells information (if available) provided by source gNB, decides to setup SCG cells, and sends SgNB Addition Request to the target SgNB.
3b. The target SgNB replies with SgNB Addition Request Acknowledge. 
4. The target eNB includes within the Handover Request Acknowledge message a transparent container to be sent to the UE as an E-UTRA RRC message, including a NR RRC configuration message which also includes the SCG configuration, to perform the handover, and may also provide forwarding addresses to the source network.
5. Step 8-10 from clause 4.11.1.2.1 (5GS to EPS handover using N26 interface) in TS 23.502. 
6. The source AMF sends a Handover Command message to the source gNB. The Handover Command is constructed using the Target to Source transparent container which includes the RRC configuration of both the MN and SCG. 
7. The source gNB triggers the UE to perform handover with MobilityFromNRCommand message and apply the new configuration.
8.  If applicable, data forwarding from the source gNB takes place.
9. The UE synchronizes to the target eNB and replies with RRCConnectionReconfigurationComplete message.
10.	The UE synchronizes to the target SgNB.
11.	If the RRC connection reconfiguration procedure was successful, the target eNB informs the target SgNB. 
12.	Step 12b-21 from clause 4.11.1.2.1 in TS 23.502 for handover from 5GS to EPS.
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