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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 this contribution, we discuss the details on DC-like solution to achieve 0ms interruption, including the cases of intra-NR mobility and inter-RAT mobility.
2 Discussion
In LTE, as defined in [2], the handover procedure with the focus on handover execution phase, i.e. only step 7 to step 11, is shown below. 
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Figure 1 Handover execution procedure in LTE
Based on the above figure, we can see the latency during handover execution mainly includes the following aspects:
Table 1 the latency during handover execution in LTE
	Component/ Step
	Description
	Time (ms)

	7
	RRC Connection Reconfiguration Incl. mobilityControlInfo
	15

	8
	SN Status Transfer
	0

	9.1
	Target cell search
	0

	9.2
	UE processing time for RF/baseband re-tuning, security update
	20

	9.3
	Delay to acquire first available PRACH in target eNB
	0.5/2.5

	9.4
	PRACH preamble transmission
	1

	10
	UL Allocation + TA for UE
	3/5

	11
	UE sends RRC Connection Reconfiguration Complete
	6

	
	Minimum/Typical Total delay [ms] 
	45.5/49.5


In NR, the above 50ms handover latency is unacceptable. As defined in [3], the target for mobility interruption time should be 0ms for intra-NR mobility. Therefore, how to achieve 0ms mobility interruption should be further studied in NR. 
Observation 1: Handover in LTE is unable for NR to achieve 0ms mobility interruption. 
In Rel-14, 3GPP has studied on latency reduction techniques for LTE, and two potential solutions were provided to reduce latency during handover. One solution is RACH-less handover. The other solution is “make before break” which requires UE to keep the connection with the source eNB during handover.
In RACH-less handover solution, the RACH procedure can be skipped during handover, so only the interruption time from step 9.3 to step 10 in the above table can be reduced, but also addition interruption is introduced for waiting for the pre-configured period UL resource. However, according to current LTE discussion, the RACH-less handover is used only when the network can get knowledge of the TA value of the target cell in advance and the TA value of the target cell is zero or equal to the TA value of the source cell. In most scenarios, the conditions cannot be fulfilled. The usage of solution is very limited.
In "make before break" solution discussed for LTE, the UE can continue the data transmission with the source eNB after receiving the handover command until RACH is initiated. In this solution, there can be further divided into the following two cases:
Case 1: If only “make-before-break” in used, at most 35ms of the interruption time can be reduced, including 15ms (in step7) and 20ms (in step 9.2).
Case 2: If “make-before-break” combines with “RACH-less”, the reduced interruption time is at most 43.5ms minus the time for pre-scheduled UL grant, in which the 43.5ms includes 15ms (in step 7) and 20ms (in step 9.2) and 2.5ms (in step 9.3) and 1ms (in step 9.4) and 5ms (in step 10). 
No matter which the above cases is used, 0ms mobility interruption cannot be achieved. Furthermore, the RLC and MAC would be reset at the handover, which could add a bit more delay on data transmission. 
Observation 2: Enhanced handover in Rel-14 is also unable for NR to achieve 0ms mobility interruption.
Based on the above analysis, we can conclude that:

Observation 3: For NR, single connectivity can’t support 0ms interruption time. 

2.1 Dual connectivity for Intra-NR mobility 
Currently, because DC-capable UE has the capability to transmit simultaneously to MeNB and SeNB 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 as shown below. 
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Figure 2 Dual connectivity with role change
Step 1: The S-gNB is added as SeNB firstly. 
When UE moves, S-gNB can be configured as a SeNB to UE via SeNB addition procedure. In LTE there are two possible DC solutions, either the bearer is split at PDCP layer in the master eNB or separate bearers are routed by SGW via different eNBs. For split bearer, a data path over Xn is established and the RLC, MAC and PHY layers are initialized in the S-gNB and as secondary protocol instances in the UE which would avoid the need to reset those protocols at the handover. Therefore, split bearer in DC seems more suitable to achieve 0ms mobility interruption.

Proposal 1: Split bearer is more suitable for DC configuration to achieve 0ms mobility interruption. 
Step 2: A “role change” is performed between the M-gNB and the S-gNB.
As 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. The “role change” is a new operation added in LTE DC, which means that RRC, PDCP and CN connection is relocated from the M-gNB to the S-gNB. In this case, L2 reset is not required for the UE, and the cells in M-gNB and S-gNB are always activated, so the data transmission can continue and no interruption occurs. 

A possible procedure is illustrated in Figure 3. The (source) M-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 (source) S-gNB, and the (source) S-gNB reconfigures the RRC and PDCP layers to UE via the (source) M-gNB. 
After receiving the RRC reconfiguration, a new RRC connection between UE and the (source) S-gNB is established, and the old RRC connection between UE and the (source) M-gNB is maintained. In this case, although UE has two simultaneous RRC connections, but UE only uses this new RRC connection to communicate with the network. In this step, the (source) S-gNB becomes new M-gNB and triggers the path switch with S-GW. 
When the (source) M-gNB receives the end maker packet from SGW, 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 (source) S-gNB vis SN status report message. During this procedure, the (source )M-gNB can decide  how to handle its buffered data transmission efficiently, e.g. if its link quality is not bad, the (source) M-gNB can also split the buffered data to UE, otherwise the (source) M-gNB send all buffered data to UE via the (source) S-gNB. When the end marker packet is received from the (source) M-gNB, the (source) S-gNB will use the new security key and start PDCP layer to handle the data from S-GW directly.

From the UE perspective, it has two security keys during the role change. One key is used by the (source) M-gNB for split data, the other is used by the (source) S-gNB for the data from SGW directly. In order to avoid UE do not know which security key should be used during the role change, the two security keys can be used simultaneously. 

Proposal 2: During role change between the M-gNB and the S-gNB the following handlings should be considered:
· The M-gNB triggers a role change between the M-gNB and the S-gNB.

· Once the RRC connection between UE and the S-gNB is established, UE only uses the new RRC connection to communicate with the network.

· No L2 reset is required for UE. 
· The M-gNB decides to either split the buffered data to UE or send all buffered data to UE via the S-gNB based on its link quality.

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

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

· In order to avoid UE do not know which security key should be used during the role change, the two security keys can be used simultaneously.

Step 3: The S-gNB is released. 
When UE leaves the coverage of the (source) M-gNB, the (source) S-gNB can use SeNB release procedure to release the (source) M-gNB. 

[image: image3.emf]UE M-gNB S-gNB MME SGW

S-gNB is configured as SeNB

RRCConnectionReconfiguration

RRCConnectionReconfigurationComplete

Data

Data

Data

Role change 

decision

Role change request

Role change response

Data

Data

Data

Path Switch Request

User plane update request

Endmarker

User plane update response

Path Switch Request ACK

SN status report

Endmarker

Data

Use PDCP layer 

to handle data 

from SGW

Data

Data

S-gNB is released

Data Data

Data


Figure 3 The procedure of dual connectivity with role change 
In addition, in some cases, this solution can be simplified, that means, the two steps of S-gNB addition and role change can also be merged into one step. 
Compared with enhanced LTE handover, because the data path is established between UE and S-gNB in advance, and UE can simultaneously transmit data with M-gNB and S-gNB at the same time, and no L2 reset is required for UE, so the data transmission can continue during handover. Therefore, all the interruption time listed in the above table can be reduced, and 0ms interruption can be achieved. 
Proposal 3: In order to achieve 0ms interruption for intra-NR mobility, UE should support DC-like capability, and a role change between M-gNB and S-gNB without L2 reset is one feasible solution. 
However, in order to support 0ms mobility interruption, whether UE should support the whole DC features?
As we all known, in current mechanism, DC supports many new features, including:
· Split bearer/SCG bearer
· PDCP reordering for split bearer

· Flow control 

· New measurement events for PSCell

· S-RLF

· Bearer type change

· SCG change
During handover, no matter in the source eNB or the target eNB, just one cell is considered, and if the target cell is determined, it doesn’t change. Therefore, if DC framework is used for handover, only a PCell in MCG and a PSCell in SCG are involved, so DC features can be simplified, and the SCells monitoring, new measurement events for PSCell (for PSCell change), S-RLF, bearer type change, and SCG change may not needed. 
As mentioned above, in order to achieve 0ms mobility interruption, split bearer needs to be configured to UE, and the M-gNB decides to either split the buffered data to UE or send all buffered data to UE via the S-gNB based on its link quality. If the split operation is performed, the PDCP reordering feature is needed. If the data from the M-gNB is transmitted via the S-gNB, the flow control feature is needed to avoid network congestion in S-gNB. 
Based on the above analysis, we can see that UE should not support the whole DC features for achieving 0ms mobility interruption, except for some main features, e.g. split bearer, PDCP reordering and flow control.
Proposal 4: UE should not support the whole DC features for achieving 0ms mobility interruption, except for some main features, e.g. split bearer, PDCP reordering and flow control. 
2.2 Dual connectivity for inter-NR mobility
For inter-NR mobility, because the interface between eLTE and NR is existed, and eLTE and NR can both connect to the same new core, it is possible to achieve 0ms interruption time. Therefore, 0ms interruption should also be supported for eLTE-NR mobility.

Proposal 5: 0ms interruption should also be supported for eLTE-NR mobility. 
In order to achieve 0ms interruption for eLTE-NR mobility, the DC-like solution with role change for intra-NR mobility can be reused. 

Proposal 6: DC-like solution with role change can also apply to the eLTE-NR mobility for 0ms interruption. 
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Figure 4 UE moves between eLTE and NR
Different from eLTE-NR mobility, LTE-NR mobility may have different handling. If LTE can connects to the new core and there is an interface between LTE and NR, then it is possible to achieve 0ms interruption time which is similar to the case of eLTE-NR mobility. But if LTE only connects to EPC, that means LTE and NR can’t share the core network, a data forwarding between EPC and the new core is needed, which is difficult to achieve 0ms interruption. In this case, we do not suggest to support 0ms interruption. 
Proposal 7: For LTE-NR mobility, 0ms interruption should be supported if LTE can connect to the new core. Otherwise, 0ms interruption support is not suggested. 
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: Handover in LTE is unable for NR to achieve 0ms mobility interruption. 
Observation 2: Enhanced handover in LTE is also unable for NR to achieve 0ms mobility interruption.

Proposal 1: Split bearer is more suitable for DC configuration to achieve 0ms mobility interruption. 
Proposal 2: During role change between the M-gNB and the S-gNB the following handlings should be considered:
· The M-gNB triggers a role change between the M-gNB and the S-gNB.

· Once the RRC connection between UE and the S-gNB is established, UE only uses the new RRC connection to communicate with the network.

· No L2 reset is required for UE. 
· The M-gNB decides to either split the buffered data to UE or send all buffered data to UE via the S-gNB based on its link quality.

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

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

· In order to avoid UE do not know which security key should be used during the role change, the two security keys can be used simultaneously.

Proposal 3: In order to achieve 0ms interruption for intra-NR mobility, UE should support DC-like capability, and a role change between M-gNB and S-gNB without L2 reset is one feasible solution. 
Proposal 4: UE should not support the whole DC features for achieving 0ms mobility interruption, except for some main features, e.g. split bearer, PDCP reordering and flow control. 

Proposal 5: 0ms interruption should also be supported for eLTE-NR mobility. 
Proposal 6: DC-like solution with role change can also apply to the eLTE-NR mobility for 0ms interruption. 

Proposal 7: For LTE-NR mobility, 0ms interruption should be supported if LTE can connect to the new core. Otherwise, 0ms interruption support is not suggested. 
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