
3GPP TSG-RAN WG2 Meeting #105                                  R2-1900797
Athens, Greece, 25th February - 1st March 2019      


Source: 			ZTE Corporation, Sanechips
Title: 	Discussion on the support of DC based mobility solutions in NR
[bookmark: Source]Agenda item:		11.9.2
[bookmark: DocumentFor]Document for:	    Discussion and Decision
1. [bookmark: OLE_LINK9]Introduction
[bookmark: OLE_LINK6][bookmark: OLE_LINK1]Two mobility enhancement work items were agreed at RAN#80: one for NR (NR_Mob_enh) [1] and the other for LTE (LTE_feMob) [2]. During the discussion for LTE_feMob, split bearer solutions and non-split bearer solutions are promoted for the purpose of reducing the handover interruption time. Generally speaking, split bearer solutions can also be considered as DC based solutions while non-split bearer solutions can also be considered as eMBB based solutions. 
After RAN2#104, an email discussion was conducted to discuss the details of potential solution directions for split and non-split bearers for LTE_feMob [3]. However, during the email discussion, there seems a minority of supporters for the split bearer solutions (i.e. DC based solutions). In this contribution, we try to give some considerations for the support of DC based solutions in NR.
2. Discussion
[bookmark: OLE_LINK3]During the email discussion [104#61][3], the main concern against supporting the split bearer solutions (i.e. DC based solutions) is that LTE DC has not been really deployed in the existing networks. To adopt the DC based solutions, both the network and the UE are required to support R12 LTE DC firstly, which would result in more complexity and a great testing effort. We agree the concern is definitely valid for LTE. However, in our understanding, with the launch of NR, EN-DC and NR-DC have more chances for real deployment in the near future. So DC based solutions can be considered for NR_Mob_enh.
Observation 1: LTE DC has not been deployed yet, while NR-DC has more chances for real deployment in the near future. 
Up to now, split bearer solutions (i.e. DC based solutions) are mainly discussed from the perspective of reducing the interruption time. However, besides the interruption time reduction, mobility robustness is another key factor of mobility performance enhancement. For the DC based solutions:
· The UE accesses the target (i.e. adds target as SN) when the source quality is still good enough and keeps in dual connectivity state. So the subsequent RRC signaling for role change/handover (e.g. MeasurementReport for triggering the role change and RRCReconfiguration for role change) can be transmitted both on the source link and target link. In this way, the HOF and RLF caused by the failure of MeasurementReport and RRCReconfiguration (i.e. too late handover) can be reduced. 
· The UE can be kept in dual connectivity state and then be changed/handed over to the target cell until the radio condition of the target cell becomes good enough. In this way, the HOF, RLF or Ping-Pong caused by too early handover can be avoided;
In summary, a single DC based solution can not only achieve an interruption time reduction but also improve the mobility robustness. On the other hand, non-split bearer solution (i.e. eMBB based solution) alone can only reduce the interruption time, while it should work together with other solutions (e.g. Conditional Handover) to improve the mobility robustness.
Observation 2: A single DC based solution (i.e. split bearer solution) can not only achieve an interruption time reduction but also improve the mobility robustness. On the other hand, non-split bearer solution (i.e. eMBB based solution) alone can only reduce the interruption time, while it should work together with other solutions (e.g. Conditional Handover) to improve the mobility robustness.
Given the above, we propose to consider supporting DC based solutions in NR. And to avoid causing any unnecessary impacts to the already specified NR-DC architectures and procedures, the simplest way is to develop the DC based solutions based on the existing split bearer architecture.
Proposal 1: Consider DC based mobility solutions in NR. 
Proposal 2: Develop the DC based mobility solutions based on the existing split bearer architecture.


Figure 1. DC based mobility solution.
Per the above two proposals, a DC based mobility solution which is based on the existing split bearer is illustrated in Figure 1. As illustrated in the Figure, the solution is split into four phases:
Phase1 (Single connection on the S-gNB): The UE connects with the S-gNB. 
Phase2 (Dual Connectivity): The S-gNB decides to add T-gNB as a SN and turns the MCG bearer (including SRB and DRB) to MCG terminated split bearer. The UE keeps data transfer with the S-gNB when accessing the T-gNB and performing the bearer type change. After accessing the T-gNB and changing the MCG bearer to MCG terminated split bearer, the UE performs data transfer with both S-gNB and T-gNB, using the source key. 
Phase3 (Role Change): When the signal quality of the S-gNB gradually deteriorates, the S-gNB decides to perform the role change, i.e. change the T-gNB as the MN while change the S-gNB as the SN. The UE keeps data transfer with both S-gNB and T-gNB during the role change procedure. After role change, the UE performs data transfer with both S-gNB and T-gNB via SCG terminated split bearer (orange highlighted in Figure 1), using source key. Meanwhile, the UE performs data transfer with T-gNB via the MCG bearer (green highlighted in Figure 1), using the target key.
Phase 4 (Single connection on the T-gNB): The T-gNB decides to release S-gNB when the signal of the S-gNB is not good for data transmission anymore or when all the residual data on the S-gNB has been successfully transmitted. 
To support the above DC based mobility solution, the following three key issues need to be solved.
Issue1: Role Change procedure
Role Change procedure including the following aspects should be discussed:
· The content of the Role Change command message;
· The RRC handling with the reception of the Role Change command;
· The PDCP handling with the reception of the Role Change command;
· The Role Change procedure over Xn interface;
The first three bullets should be discussed in RAN2 and a LS should be sent to RAN3 to ask for the discussion of the last bullet.
Proposal 3: The Role Change procedure, including the content of the Role Change command message (RAN2), the RRC handling with the reception of the Role Change command (RAN2), the PDCP handling with the reception of the Role Change command (RAN2) and the Role Change procedure over Xn interface (RAN3) should be discussed.
Issue2: Target Key derivation
Generally speaking, there can two options to derive the target key:
Opt1: Derive S-KgNB, e.g. during Phase2 and use it as the target key after Role Change;
Opt2: Derive KgNB during Phase3 and use it as the target key after Role Change;
We should work together with SA3 to determine which option to go.
Proposal 4: RAN2 should work together with SA3 to determine whether to apply S-KgNB or KgNB as the target key after Role Change.
Issue3: Key ambiguity resolution
As described above, after the Role Change in Phase3, the UE performs data transfer with S-gNB and T-gNB via SCG terminated split bearer, using the source key. Meanwhile, the UE performs data transfer with T-gNB via MCG bearer, using the target key. In other words, for a single RLC entity on the target cell, there would be data ciphered with the source key (orange highlighted in Figure 1) and data ciphered with the target key (green highlighted in Figure 1) received in parallel. So solutions should be considered to solve this key ambiguity issue. Generally speaking, there can be the following alternatives:
Alt1: Introduce a key indicator (KI) in the PDCP PDU header. For instance, if KI is set to 0, then use the source key. Otherwise, if KI is set to 1, use the target key.
Alt2: Establish two different LCHs for the single RLC entity on the target cell. One for bearing data ciphered with the source key (e.g. LCH1 in Figure 2) and the other for bearing data ciphered with the target key (e.g. LCH2 in Figure 2). In this way, the UE can determine the correct key to use according to the LCH (i.e. different LCH ID) from which the PDCP PDU is received.
Alt3: Explicitly indicate the last PDCP SN to use the source key either via RRC message (e.g. for Role Change command) or PDCP control PDU.


Figure 2. Alt2 to resolve the key ambiguity issue.
Proposal 5: Discuss whether to adopt Alt1, Alt2, Alt3 (or others) to solve the key ambiguity issue.
3. Conclusion and proposals
In this contribution, we try to give some considerations for the support of DC based mobility solutions in NR. We have the following observations and proposals:
Observations:
Observation 1: LTE DC has not been deployed yet, while NR-DC has more chances for real deployment in the near future. 
Observation 2: A single DC based solution (i.e. split bearer solution) can not only achieve an interruption time reduction but also improve the mobility robustness. On the other hand, non-split bearer solution (i.e. eMBB based solution) alone can only reduce the interruption time, while it should work together with other solutions (e.g. Conditional Handover) to improve the mobility robustness.
Proposals:
Proposal 1: Consider DC based mobility solutions in NR. 
Proposal 2: Develop the DC based mobility solutions based on the existing split bearer architecture.
Proposal 3: The Role Change procedure, including the content of the Role Change command message (RAN2), the RRC handling with the reception of the Role Change command (RAN2), the PDCP handling with the reception of the Role Change command (RAN2) and the Role Change procedure over Xn interface (RAN3) should be discussed.
[bookmark: _GoBack]Proposal 4: RAN2 should work together with SA3 to determine whether to apply S-KgNB or KgNB as the target key after Role Change.
Proposal 5: Discuss whether to adopt Alt1, Alt2, Alt3 (or others) to solve the key ambiguity issue.
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