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Introduction
RAN2 has agreed to introduce split SRB for EN-DC. One of the main purposes of this is to provide additional robustness for important signalling like handover (HO) commands and measurements reports. In this contribution, we discuss in more detail how HO command duplication works. 
For handover, we could consider following scenarios:
1. Inter-MN handover to the new MN when (source) SN is released
2. Inter-MN handover to the new MN when (source) SN is kept
3. MN to eNB/gNB Change
[bookmark: _Ref178064866]As a background, in Rel-12, RAN2/RAN3 agreed to release SCG when there is an inter-MeNB handover. Later on, in Rel-13, an enhancement was introduced in RAN3 allowing to keep the SCG while there is MeNB handover. Similarly, in Rel-15, it has been agreed that SCG can be kept during inter-MN handover in case of EN-DC and MR-DC (see TS 37.340 V15.0.0, Section 10.7).
The signaling diagrams and Stage 2 descriptions for the inter-MN handover and MN to eNB/gNB change is given in the Annex. The description is from TS 37.340 V15.0.0, Section 10.7.
HO command duplication 
The main reason behind HO command duplication/diversity is to enable the network to send RRC messages over two paths, MCG and SCG. To enable this, SRB1 needs to be configured as split SRB. This way, the UE is prepared to receive RRC signaling over two paths and it can be left to network implementation which path to select for the DL message (one or two).
For HO command duplication, the UE needs to be configured with split SRB1. Link selection and duplication decision can be left to the NW implementation. 
The schematic view of the procedure focusing on RRC part is shown in the figure below. For simplicity, we consider the case when the source SCG is released during inter-MeNB handover in case of EN-DC. The steps in the figure are:
1. It is assumed that Dual Connectivity and split SRB1 are configured for the UE
2. NW decides to trigger handover towards T-MeNB. 
3. The handover command (RRCConnectionReconfiguration with mobilityControlInfo) is sent towards the UE over the MeNB and the SgNB
4. The UE receives HO command (first version). When receiving handover command, the UE triggers Handover towards T-MeNB.
5. The duplicate of the Handover command comes later. Assuming that the UE is not anymore connected to the node transmitting the message, it may not receive it. If the UE receives the duplicate, then this duplicate is discarded in the PDCP.
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Next, we study the whole signalling for the case when the source SN is released during MN to eNB change procedure (EN-DC case is taken as an example). The overall picture including Uu and X2 signalling looks like the following (based on TS 37.340):



Figure 1: Master Node to eNB Change procedure (TS 37.340)
In this example, “SgNB Release Request” message (3. message) triggers the source SgNB to stop providing user data to the UE and, if applicable, to start data forwarding. However, when Split SRB is used, the SgNB needs to serve the UE for the PDCP data until the HO command is received by UE. In this case, source MN should be able to indicate SRB resume (if Split SRB is used) and SRB release (when the HO command is received). It should be noted that source MN can deduce that the UE has received the HO command based on the L2 feedback.
Source MN can deduce that the UE has received the HO command based on the L2 feedback.
The SgNB can latest release the UE context when receiving “UE Context Release” in Message 16. 
Accordingly, we propose:
For the case when the source SN is released during inter-MN HO, Rel-15 procedures need to be modified so that the SN can continue to transmit RRC PDUs in case of Split SRB. The X2 signalling details for the indications of SRB resume and SRB release (from MN to SN) are FFS in RAN3.
Overall signaling over Uu and X2 when SgNB is kept
In this section, we study the case when the SN is kept/changed during inter-MN handover with Split SRB. EN-DC case is taken as an example. 



Figure 2: Inter-MN handover with/without MN initiated SN change (TS 37.340)
In this example, similarly to the previous case, in Step 5 (SgNB Release Request), the MN needs to indicate to the SgNB that the SgNB needs to continue to serve UE and provide RRC PDUs including the HO command. When the HO command is received, SRB on the source SN can also be released.
For the case when the source SN is kept/changed during inter-MN HO, Rel-15 procedures need to be modified so that the SN can continue to transmit RRC PDUs in case of Split SRB. The X2 signalling details for the indications of SRB resume and SRB release (from MN to SN) are FFS in RAN3.
Send LS to RAN3 to adopt X2 procedures accordingly.
Conclusion
In this paper we have discussed procedures for HO command duplication.  We have the the following observations and proposals:
1. For HO command duplication, the UE needs to be configured with split SRB1. Link selection and duplication decision can be left to the NW implementation. 
1. Source MN can deduce that the UE has received the HO command based on the L2 feedback.
1. For the case when the source SN is released during inter-MN HO, Rel-15 procedures need to be modified so that the SN can continue to transmit RRC PDUs in case of Split SRB. The X2 signalling details for the indications of SRB resume and SRB release (from MN to SN) are FFS in RAN3.
For the case when the source SN is kept/changed during inter-MN HO, Rel-15 procedures need to be modified so that the SN can continue to transmit RRC PDUs in case of Split SRB. The X2 signalling details for the indications of SRB resume and SRB release (from MN to SN) are FFS in RAN3.
Send LS to RAN3 to adopt X2 procedures accordingly.
	4/4	
image1.emf
UE S-MN S-SN S-GW MME

7a. SNStatus Transfer

8. Data Forwarding

3a. SgNB Release Request

T-eNB

1. Handover Request

2. Handover Request Acknowledge

4. RRCConnectionReconfiguration

6. RRCConnectionReconfigurationComplete

15. UE Context Release

10. Path Switch Request

14. Path Swtich Request Acknowledge

11. Bearer Modication

12. End Marker Packet

13. New Path

5. Random Access Procedure

7b. SNStatus Transfer

16. UE Context Release

9a. Secondary RAT Data Volume report

9b. Secondary RAT Report

3b. SgNB Release RequestAcknowledge


Microsoft_Visio_2003-2010_Drawing.vsd
UE


S-MN


S-SN


S-GW


MME


10. Path Switch Request


14. Path Swtich Request Acknowledge


11. Bearer Modication


12. End Marker Packet


13. New Path


7a. SN Status Transfer


8. Data Forwarding


3a. SgNB Release Request


T-eNB


1. Handover Request


2. Handover Request Acknowledge


4. RRCConnectionReconfiguration


6. RRCConnectionReconfigurationComplete


15. UE Context Release


5. Random Access Procedure


7b. SN Status Transfer


16. UE Context Release


9a. Secondary RAT Data Volume report


9b. Secondary RAT Report


3b. SgNB Release Request Acknowledge



image2.emf
UE

source 

MN

(target) 

SN

S-GW MME

target 

MN

1. Handover Request

4. Handover Request Acknowledge

6. RRCConnectionReconfiguration

8. RRCConnectionReconfigurationComplete

18. UE Context Release

14. Path Switch Request

17. Path Swtich Request Acknowledge

15. Bearer Modification

7.Random Access Procedure

12. SNStatus Transfer

19. UE Context Release

2. SgNB AdditionRequest

3. SgNB AdditionRequest Ack

16a. New Path(split/MCG bearer)

13. Data Forwarding

9. RandomAccess Procedure

10. SgNB Reconfiguration Complete

5a. SgNB Release Request

(source)

SN

11a. Secondary RAT Data Volume Report

11b. Secondary RAT Report

16b. New Path(split/SCG bearer)

5b. SgNB Release RequestAcknowledge


Microsoft_Visio_2003-2010_Drawing1.vsd
UE


source MN


(target) SN


S-GW


MME


14. Path Switch Request


17. Path Swtich Request Acknowledge


15. Bearer Modification


2. SgNB Addition Request


3. SgNB Addition Request Ack


16a. New Path (split/MCG bearer)


13. Data Forwarding


9. Random Access Procedure


target MN


1. Handover Request


4. Handover Request Acknowledge


6. RRCConnectionReconfiguration


8. RRCConnectionReconfigurationComplete


18. UE Context Release


7. Random Access Procedure


12. SN Status Transfer


19. UE Context Release


10. SgNB Reconfiguration Complete 


5a. SgNB Release Request


(source)SN


11a. Secondary RAT Data Volume Report


11b. Secondary RAT Report


16b. New Path (split/SCG bearer)



