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1 Introduction
In last RAN2 meeting, secondary node change has been discussed and the following agreements were reached：

Agreements:

1: 
On receiving the request for SN change, the master accepts/rejects (e.g. taking into account available information, network connectivity, etc) whether to carry out the requested inter-secondary nodes change (i.e. different Xx interface). The master may select a different target node in different frequency for the SN change based on the NR inter-frequency measurement maintained by master itself;

1a: MN can also trigger an inter-frequency SN node change without any request from the SN.

2: 
Final RRC message for the inter-SN change will be generated from master node

3:
SN does not provide the NR measurement results to the MN.

However, there was no discussion about how to reduce the mobility interruption time of secondary node change procedure in LTE-NR tight interworking. In this contribution, we will propose an enhanced secondary node change procedure to realize the 0ms mobility interruption time. 
2 Discussion
2.1 SeNB change in LTE DC
As defined in [1], the SeNB change procedure for LTE DC is shown below, which can be used as baseline for secondary node change in LTE-NR tight interworking.
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Figure 1 SeNB change procedure in LTE DC
As shown in Fig.1, the SeNB change procedure is initiated by MeNB and used to change the SCG configuration in UE from a source SeNB (S-SeNB) to a target SeNB (T-SeNB). For SCG bearer, S-SeNB will forward all the data to T-SeNB during SeNB change procedure (step 9). After UE breaks the connection with S-SeNB (step 3-5), UE cannot receive data from any eNB until random access procedure (step 7) and data forwarding (step 9) have been completed. So this procedure will lead to user plane interruption if SCG bearer is configured as the user plane DRB.
Observation 1: SeNB change procedure in LTE DC will lead to user plane interruption if SCG bearer is configured as the user plane DRB. 

If these procedures are reused in LTE-NR tight interworking, the 0ms mobility interruption time cannot be achieved during the secondary node change procedure. Therefore, enhanced secondary node change procedure for LTE-NR tight interworking should be studied.
Proposal 1: Study enhanced secondary node change procedure for LTE-NR tight interworking to achieve 0ms mobility interruption time.
2.2 Enhanced secondary node change procedure in LTE-NR tight interworking
To realize the 0ms mobility interruption time, we propose an enhanced secondary node change procedure for LTE-NR tight interworking, which takes the advantages of SCG split bearer. Different from LTE DC, SCG split bearer is supported in LTE-NR DC for cases where LTE eNB or eLTE eNB is the master node [2]. In last RAN2 meeting, it was agreed that LTE-NR DC shall support the bearer type change between SCG bearer and SCG split bearer [3]. Note that the bearer type change between SCG bearer and SCG split bearer will not lead to user plane interruption because there is no path switch in the core network. Based on this advantage, the reconfiguration between SCG bearer and SCG split bearer can be applied in the NR SgNB change procedure for LTE-NR tight interworking to reduce mobility interruption time.
The basic idea of the proposed solution is that source SgNB switches the bearer type from SCG bearer to SCG split bearer when SgNB needs to be changed, i.e. source SgNB splits part of the data to LTE MeNB during the SgNB change procedure. LTE MeNB transmits the data to UE when UE breaks the connection with source SgNB and initiates the random access procedure to target SgNB, so that the user plane interruption can be avoided.
The detailed enhanced SgNB change procedures are shown below.
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Figure 2 Enhanced SgNB change procedure
Step 1: SgNB change procedure and target SgNB addition procedure are initiated by LTE MeNB or NR source SgNB (S-SgNB).

Step 2: If target SgNB addition procedure is successful, LTE MeNB sends SgNB Modification Request message to NR S-SgNB, which includes the bearer type switch indication and the data splitting proportion. The bearer type switch indication is used to indicate that NR S-SgNB should switch the bearer type from SCG bearer to SCG split bearer. Meanwhile, LTE MeNB should provide the proportion of data splitting to NR S-SgNB, which depends on the channel state and load of LTE MeNB. As a special case, all the data stored in NR S-SgNB can be split to LTE MeNB. After receiving the message, NR S-SgNB responds with the SgNB Modification Request Acknowledge message, splits part of the data to LTE MeNB according to the proportion, and forwards the remaining data to NR target SgNB (T-SgNB).

Step 3: LTE MeNB sends RRCConnectionReconfiguration message to UE, which includes the bearer type reconfiguration information and the handover command. The bearer type reconfiguration information is used to inform UE of the bearer type switch from SCG bearer to SCG split bearer and the new configuration. The handover command is used to indicate that UE should break the connection with NR S-SgNB and initiate the random access procedure to NR T-SgNB. If the reconfiguration has completed, UE should send the RRCConnectionReconfigurationComplete message to LTE MeNB.

Step 4: If the reconfiguration procedure is successful, LTE MeNB informs NR T-SgNB and starts to transmit data to UE.

Step 5: UE initiates the random access procedure to NR T-SgNB.

Step 6: If the random access procedure is successful, NR T-SgNB starts to transmit data to UE.

Step 7: LTE MeNB initiates the path switch procedure. After receiving the end marker packet, NR S-SgNB should inform LTE MeNB and NR T-SgNB of the termination of data splitting and data forwarding.

Step 8: After LTE MeNB has transmitted all the split data, LTE MeNB sends the RRCConnectionReconfiguration message to inform UE of the bearer type switch from SCG split bearer to SCG bearer and the new configuration. If the reconfiguration has completed, UE should send the RRCConnectionReconfigurationComplete message to LTE MeNB.

Step 9: After receiving the UE Context Release message from LTE MeNB, NR S-SgNB can release radio and control plane related resource associated to the UE context.
To further clarify the proposed solution, we provide the changes of user plane protocol stack during the SgNB change procedure in Fig.3. The four states of user plane protocol stack correspond to the four phases in Fig.2 (marked as A, B, C and D). The descriptions of each state are shown below.
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Figure 3 User plane protocol stack
A.
For SCG bearer, UE only receives data from NR S-SgNB.

B.
After UE breaks the connection with NR S-SgNB, UE can receive data from LTE MeNB due to the bearer type switch from SCG bearer to SCG split bearer.

C.
After UE successfully access to NR T-SgNB, UE can simultaneously receive data from LTE MeNB and NR T-SgNB,

D.
After LTE MeNB has transmitted all the split data, the bearer type will be switched from SCG split bearer to SCG bearer, so that UE will only receives data from NR T-SgNB.
It can be seen that there is no user plane interruption during the whole SgNB change procedure, which realizes the 0ms mobility interruption time. Therefore, the enhanced SgNB change procedure shown in Fig.2 should be adopted as baseline of secondary node change procedure for LTE-NR tight interworking if SCG bearer is configured as the user plane DRB.
Observation 2: In NR SgNB change procedure, the reconfiguration between SCG bearer and SCG split bearer can help to avoid the user plane interruption for SCG bearer.

Proposal 2: To achieve 0ms interruption time, upon SgNB change procedure, all SCG bearers are switched to SCG split bearers.
Proposal 3: The procedure shown in Fig.2 should be adopted as baseline of secondary node change procedure for LTE-NR tight interworking if SCG bearer is configured as the user plane DRB.
3 Conclusion
This contribution mainly discusses the secondary node change procedure for LTE-NR tight interworking. Based on the above analysis, we have following observations and proposals:
Observation 1: SeNB change procedure in LTE DC will lead to user plane interruption if SCG bearer is configured as the user plane DRB.
Observation 2: In NR SgNB change procedure, the reconfiguration between SCG bearer and SCG split bearer can help to avoid the user plane interruption for SCG bearer.
Proposal 1: Study enhanced secondary node change procedure for LTE-NR tight interworking to achieve 0ms mobility interruption time.
Proposal 2: To achieve 0ms interruption time, upon SgNB change procedure, all SCG bearers are switched to SCG split bearers.
Proposal 3: The procedure shown in Fig.2 should be adopted as baseline of secondary node change procedure for LTE-NR tight interworking if SCG bearer is configured as the user plane DRB.
4 Acknowledgement
This document is also contributed in part by SARI (Shanghai Advanced Research Institute, Chinese Academy of Sciences).
5 Reference

[1] 3GPP TS 36.300：E-UTRA and E-UTRAN Overall description (Release 14), Dec. 2016.
[2] 3GPP TR 38.804：Study on New Radio Access Technology; Radio Interface Protocol Aspects (Release 14), Mar. 2017.
[3] RAN2-97bis Chairman Notes, 3GPP TSG-RAN WG2 Meeting #97bis, Apr. 2017. 

 1/5

_1554291645.vsd
A


PDCPNR


RLCNR


MACNR


PHYNR


NR S-SgNB



_1554893328.vsd
UE


LTE MeNB


NR S-SgNB


4a. Data


NR T-SgNB


Data (SCG bearer)


2a.SgNB Modification Request (SCG→SCG split)


2c. Data Splitting


3a.RRCConnection
Reconfiguration
(SCG→SCG split
& HO Command)


3b. RRCConnection
ReconfigurationComplete


5a. Random Access


6. Data


2d. Data Forwarding


5b. Random Access Response


S-GW


7c. End Marker


MME


7a. Path Switch Request


7b.Bearer Modification


7d. End Marker


7e. End Marker


7f. New Path


8a.RRCConnection
Reconfiguration
(SCG split→SCG)


8b. RRCConnection
ReconfigurationComplete


7g. Path Switch Request ACK


9. UE Context Release


A


B


C


D


4b. SgNB Reconfiguration Complete


1. SgNB change initiation and target SgNB addition 


2b.SgNB Modification Request ACK



_1554291685.vsd
RLCLTE


MACLTE


PHYLTE


C


LTE MeNB


PDCPNR


RLCNR


MACNR


PHYNR


NR S-SgNB



_1466929579.vsd
UE


MeNB


S-SeNB


S-GW


MME


10. E-RAB Modification Indication


14. E-RAB Modification Confirmation


11. Bearer Modification


12. End Marker Packet


13. New Path


8a. SNStatus Transfer


9. Data Forwarding


3. SeNB Release Request


T-SeNB


1. SeNB Addition Request


2. SeNB Addition Request Acknowledge


4. RRCConnectionReconfiguration


5. RRCConnectionReconfigurationComplete


6. SeNB Reconfiguration Complete


7. Random Access Procedure


8b. SN Status Transfer


15. UE Context Release



