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Discussion and Decision
1 Introduction
In RAN2#96 meeting, how to realize 0ms UP interruption in NR has been discussed and some agreements were achieved in [1] as following:

Agreements

1
The mobility enhancement similar to that discussed for LTE (“Maintaining Source eNB connection during handover”) should be considered also for NR.

2
For DC (NR-NR), study how to reconfigure the UE from an MeNB to an SeNB to target the 0 ms UP interruption. FFS whether also applicable to LTE-NR

In RAN2#97 meeting [2], HO enhancements in single connectivity have been discussed and some agreements are as following:
Agreements
1
We will aim to define HO for NR with an interruption as close to zero as possible while only having single Tx/Rx in the UE, and 0ms interruption at least for the case that the UE supports simultaneous Tx/Rx with source cell and target cell during HO
On the other hand, in RAN2#97 meeting some agreements on dual connectivity handover in NR have been achieved that “RAN2 protocols for NR should be flexible to allow the possibility of intra-freq DC/multiconnectivity”. 
RAN2#97bis meeting has agreed that “We will progress handover with 0ms interruption with dual tx/rx targeting to define a single solution. Discussion of this can start when basic DC operation is more stable”
Considering the above agreements, the DC-based solution is beneficial to achieve 0 ms UP interruption when the UE supports simultaneous Tx/Rx with source cell and target cell during HO as NR should support both intra-freq and inter-freq DC, and it may not be necessary for the UE to support neither all nor other additional DC features. In this contribution, we will further discuss how to reconfigure the SgNB to MgNB in order to achieve 0ms interruption.
This paper is a revision of R2-1704853.
2 Discussion
2.1 Dual connectivity for Intra-NR mobility 
Obviously, because DC-capable UE has the capability to communicate simultaneously with MgNB and SgNB at the same time, the use of the DC framework can be considered to achieve 0ms interruption time for intra-NR mobility. The details are shown as below. 
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Figure 1 Dual connectivity with role change
Step 1: The gNB of target cell is added as S-gNB. 
When the UE moves and reports measurements for a candidate target cell for mobility, the gNB controlling the target cell can be configured as an S-gNB using a NR procedure similar to SeNB addition. This allows configuring a bearer split at PDCP layer in the master gNB or a bearer routed via the S-gNB. As analysed in [3], to avoid introducing complexity and impact on the specification, the UE only establishes RLC and MAC layer for target gNB utilising split bearer, which is real DC 3C architecture that has been applied in LTE.
Step 2: A “role change” is performed between the M-gNB and the S-gNB.
When the UE moves towards the S-gNB a role change between M-gNB and S-gNB needs to occur via signalling exchange over Xn interface. As the target gNB is added as S-gNB in advance, the RLC and MAC layer are initialized in the S-gNB and the UE only establishes MAC and RLC layer for S-gNB utilising split bearer, “role change” means RRC, PDCP and the RAN-CN connection are relocated from the M-gNB to the S-gNB. 
Actually, role change between M-gNB and S-gNB can be considered as the change between PCell and PSCell in DC case. In LTE, if PCell needs to be changed, a handover procedure should be executed with RACH procedure and L2 reset which will cause interruption. In NR, to avoid interruption, enhancements for PCell change should be considered.
· PCell change in CA case:
In this case, both the PCell and the serving SCells share the same MAC/RLC/PDCP entity, if one serving SCell is changed to be PCell, there is no need to perform RACH as synchronization has already been achieved in the new PCell when it serves as the serving SCell. In addition, AS key change is not needed, and PCell change can be done without MAC reset and RLC/PDCP re-establishment.
· PCell change in DC case:
In this case, the UE has two serving gNBs, i.e. MgNB and SgNB. If SgNB is changed to be MgNB, there is no need for the UE to perform RACH as it has already synchronized with the new MgNB when the new MgNB works as the SgNB. What’s more, L2 reset/re-establishment is not required for the UE. As the cells in M-gNB and S-gNB are always activated, data transmission can continue and no interruption occurs during role change. 
Observation 1: Role change between the M-gNB and the S-gNB can be considered as PCell change between the PCell and the PSCell.

Proposal 1: Role change between the M-gNB and the S-gNB can be done without RACH and L2 reset/re-establishment.

A possible procedure is illustrated in Figure 2. The source (and at that time master) gNB decides when to trigger the role change procedure. Once the role change is triggered, the source (M-)gNB may provide a security key to the target (at that time secondary) gNB and the target gNB reconfigures the RRC and PDCP layers in the UE via the existing RRC connection towards the source gNB. 
The source gNB sends the RRC connection reconfiguration message to the UE including handover information. Upon reception of the complete message from the UE, the target gNB triggers the path switch with the UPF. 
When the source  gNB receives the end maker packet from the UPF, it knows how many PDCP SNs can be used for the buffered data before the end marker packet and sends the next PDCP SN to the target  gNB via SN status report message. After PDCP relocation (SN status transfer), the target gNB becomes the new M-gNB. Before PDCP relocation, the source gNB can decide how to handle its buffered data transmission efficiently, e.g. if its link quality is good enough, the source gNB can split the buffered data into a part that transmitted to the UE by itself and forward the rest to the target gNB, otherwise all the buffered data can be forwarded to the target gNB and then they can be sent to the UE via the target gNB. When the end marker packet is received from the source gNB, the target S-gNB will use the new security key and start PDCP layer to handle the data from the UPF directly.
Compared with LTE handover, because the data path is established between the UE and the S-gNB in advance and the UE can simultaneously communicate with the M-gNB and the S-gNB without RACH and L2 reset/re-establishment, the data transmission can continue during role change without any interruption.
Observation 2: Role change between the M-gNB and the S-gNB include the following actions:

· The M-gNB triggers a role change between the M-gNB and the S-gNB;
· Once the RRC connection between the UE and the S-gNB is established, the UE only uses the new RRC connection to communicate with the network.

· No L2 reset/re-establishment is required in the UE. 

· The M-gNB decides, based on the quality of its link to the UE, how to split the buffered data into a part that it will transmit directly to the UE and a part that it will transmit to the UE via the S-gNB.

· The M-gNB handles all the received data from the UPF with PDCP SNs and sends the next PDCP SN to the S-gNB. 

· The S-gNB uses the next PDCP SN to handle the data from the UPF directly.
Proposal 2: In order to support 0ms interruption for intra-NR mobility, consider the use of the DC framework including a role change procedure between the M-gNB and the S-gNB.
The UE perspective has two security keys during the role change: One key is used for data either transmitted by the source (and initially master) gNB directly or by the target (and finally master) gNB split from the source gNB while the other key is used for data either transmitted by the target gNB directly or by the source gNB split from the target gNB. During PDCP relocation, there exists security issue, i.e. the receiver doesn’t know which security key should be used for deciphering. Solutions for security issue provided in [4] should be considered for 0ms interruption case, and they can also be applied for other AS key change cases illustrated in [4].
Observation 3: The security issue in 0ms interruption can be solved by an unified solution which can also be applied for other AS key change cases.
Step 3: The S-gNB is released. 
When the UE leaves the coverage of the source gNB, the target (and now master) gNB can use the S-gNB release procedure to release the source (secondary) gNB. 
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Figure 2 The procedure of dual connectivity with role change 

Alternatively, the two steps of S-gNB addition and role change could be merged into one step. 
Observation 4: The two steps, i.e. S-gNB addition and role change between M-gNB and S-gNB, can be merged into one step.

During handover, in the source and in the target gNB only one serving cell is considered. In order to support 0ms interruption, it may not be necessary for the UE to support all DC features.
Proposal 3: Consider which part of DC features is necessary in order to support 0ms interruption for handover using the DC framework.
3 Conclusion
This paper mainly further discusses 0ms mobility interruption in NR. Based on the above analysis, we have following observations and proposals:
Observation 1: Role change between the M-gNB and the S-gNB can be considered as PCell change between the PCell and the PSCell.

Observation 2: Role change between the M-gNB and the S-gNB include the following actions:

· The M-gNB triggers a role change between the M-gNB and the S-gNB;
· Once the RRC connection between the UE and the S-gNB is established, the UE only uses the new RRC connection to communicate with the network.

· No L2 reset/re-establishment is required in the UE. 

· The M-gNB decides, based on the quality of its link to the UE, how to split the buffered data into a part that it will transmit directly to the UE and a part that it will transmit to the UE via the S-gNB.

· The M-gNB handles all the received data from the UPF with PDCP SNs and sends the next PDCP SN to the S-gNB. 

· The S-gNB uses the next PDCP SN to handle the data from the UPF directly.

Observation 3: The security issue in 0ms interruption can be solved by an unified solution which can also be applied for other AS key change cases.
Observation 4: The two steps, i.e. S-gNB addition and role change between M-gNB and S-gNB, can be merged into one step.
Proposal 1: Role change between the M-gNB and the S-gNB can be done without RACH and L2 reset/re-establishment.
Proposal 2: In order to support 0ms interruption for intra-NR mobility, consider the use of the DC framework including a role change procedure between the M-gNB and the S-gNB.
Proposal 3: Consider which part of DC features is necessary in order to support 0ms interruption for handover using the DC framework. 
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