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1 Introduction
During RAN2#96 meeting, how to realize ‘0ms’ UP interruption in NR was discussed, and following agreements were made.
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 mobility enhancement in to achieve the ‘0ms’ interruption requirement.
2 Discussion
2.1 Background
The requirement of mobility interruption time is defined in [1]. In NR, the target for mobility interruption time should be 0ms, which is applicable for both intra-frequency and inter-frequency mobility for intra-NR mobility. Furthermore, a clear definition of mobility interruption is given. It means the shortest time duration supported by the system during which a user terminal cannot exchange user plane packets with any base station during transition. 
During last RAN2 meeting, it was agreed that NR shall support HO as part of the NR mobility procedures. In LTE (Rel-8/9), the latency during handover execution is nearly 50 ms from step 7 (RRCConnectionReconfiguration) to step 11(RRCConectionReconfigurationComplete), which can’t satisfy the mobility interruption requirement in NR. 
	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


Table 1: Minimum/Typical radio access latency components (Rel. 8/Rel. 9) during handover [2]
Observation 1: The mobility interruption in LTE is nearly 50ms and is unable to meet the NR requirement. 
In order to minimize the service interruption in mobility events, the WI “Further mobility enhancements in LTE” is approved in Rel-14 [3]. Two solutions are being discussed, i.e. RACH-less handover and “make-before-break” handover.
2.2 RACH-Less HO
In this solution, RACH procedure can be skipped during handover. However, RACH-less HO is not always feasible considering the restricted requirement on the realistic deployment.  It requires that TA needs to be obtained in advance without RACH. For example, TA value of the source cell can be reused for the targeted cell. So it requires the network knows when the time alignment is the same for both source and target cells without introducing any new time alignment control or estimation mechanism. Or the target cell size is so small that time alignment between different UEs is not needed. 
Although the interruption time can be reduced by4.5/8.5ms with RACH-less HO without performing from step 9.3 to step 10, addition interruption is expected before the preconfigured periodical UL resource is available. 
Observation 2: RACH-less HO is not always applicable. Also, additional interruption may be introduced depending on the availability of preconfigured periodical UL resource
In NR with multiple-beam operation, random access procedure is needed not only for TA acquisition, but also for UL beam management. When there is not channel correspondence at the UE side, UE side beam sweeping for preamble transmission may be performed, so that the target eNB measures the different UL Tx beams and determine the corresponding Rx beam for UL reception at the network side. After random access procedure, UL beam alignment should be available and UL data transmission can be performed then. We should assume that random access procedure is needed during HO in NR as baseline. 
Proposal 1: NR HO procedure with random access should be considered as baseline. 
2.3 Make-before-break HO
2.3.1 Make-before-break HO in LTE
In the WI “Further mobility enhancements in LTE”, different solutions were discussed and categorized according to UE RF and hardware capabilities [4]:
· Category A (No simultaneous Rx/Tx from another intra-frequency cell): Option 2b/4b/6(Case 0)
· Category B (No simultaneous Tx but need simultaneous Rx of PSS/SSS/CRS from another intra-frequency cell): Option 1/2a/4a/Option 6(Case 1)
· Category C (Simultaneous Tx of PRACH to another intra-frequency cell and simultaneous Rx of PDSCH/PDCCH from another intra-frequency cell): Option 2c/6(Case 2)
· Category D (Simultaneous Tx of PRACH/PUSCH/PUCCH/SRS to another intra-frequency cell and simultaneous Rx of PDSCH/PDCCH from another intra-frequency cell): Option 3/5/7/8/6(case 3)
Since the WI targets to minimize the interruption time but not necessarily to 0ms interruption time, the solutions of Cat C&D were removed concerning the high UE complexity. 
In RAN2#95, the make-before-break solution was agreed and further clarified its meaning as that UE continues downlink and uplink with the source cell until the UE performs the first transmission through PUSCH or PRACH to the target eNB.
In “make-before-break” HO, UE can continue the data transmission with the source cell after receiving the handover command until RACH is initiated. The interruption time can be reduced by 35ms, since data transmission continues with source cell during the HO execution from step 7 to step 9.2. 
Although the interruption is reduced by 35ms, the interruption due to random access procedure and delivering RRCConnectionReconfigurationComplete message can’t be avoided.  
Observation 3: Current make-before-break HO in LTE cannot achieve ‘0ms’ mobility interruption. 
2.3.2 Make-before-break HO in NR
[bookmark: OLE_LINK71]The service interruption during HO can be reduced to “0ms” if simultaneous Tx/Rx operation with source NR cell and target NR cell is allowed during handover. One example to realize ‘0ms’ interruption through make-before-bream HO is illustrated in Figure 1.As high-lighted by red ovals, data transmission with source gNB continues when UE performs random access with the target gNB from step 9 to step 11.  Furthermore, considering service interruption still exists due to the transmission of SN Status Transfer procedure and data forwarding, data transmission with the source gNB continues even after UE sends the RRCConnectionReconfigurationComplete message to the target gNB until the source cell is released. 
Observation 4: ‘0ms’ interruption requires simultaneous Tx/Rx operation with the source NR cell and Target NR cell during HO.  




Figure 1 Example of make-before-break HO in NR
There are two options to allow simultaneous Tx/Rx operation, depending on UE capability. 
· Option 1: Simultaneous Tx/Rx operation with source NR cell and target NR cell in the same TTI;
· Option 2: Parallel Tx/Rx operation with source NR cell and target NR cell in TDM.
Option 1 imposes high requirements on UE RF and hardware capability to achieve simultaneous access to source cell and target cell in the same TTI. For example, UE should have dual RF chains to support the simultaneous operation with source cell and target cell.
In option 2, UE is able to continue data transmission with source cell until HO complete. Simultaneous access to source cell and target cell is required.  However, the coordination between source cell and target cell for the TDM pattern is required, which informs UE when to perform data transmission with source cell, when to perform DL synchronization and tuning towards the target cell and when to send preamble and receive RAR. UE needs to know the exactly switching time between source cell and target cell. 
According to current RAN1’s evaluation assumption, UE capability to support multiple beam transmission/reception simultaneously is assumed. In this case, simultaneous Tx/Rx operation with source cell and target cell through different beams can be supported. 
Observation 5: Dual RF, dual beam or TDM coordination can support simultaneous Tx/Rx operation with the source cell and Target cell during HO.  
Proposal 2: Consider “make-before-break” HO requiring UE simultaneous Tx/Rx with source cell and target cell during HO in NR to achieve 0 ms interruption.
In order to support simultaneous Tx/Rx operation with the source gNB and target gNB during HO, following issues need to be considered.
Dual protocol stacks

Since simultaneous data transmission in both source cell and target cell is allowed, similar operation as DC needs to be supported, just as illustrated in Figure 2. A tentative PDCP reordering layer is needed during HO, which performs reordering for the PDCP PDUs received from source cell and target cell simultaneously. 
[bookmark: OLE_LINK244][bookmark: OLE_LINK245][bookmark: OLE_LINK257][bookmark: OLE_LINK258]Dual protocol stacks at the UE are required corresponding to source cell and target cell respectively. The UE has two keys for the source cell and the target cell separately. Thus it can use the corresponding key for ciphering and integrity protection in the certain cell. 
After HO completion, the protocol stack for the source cell can be released when the source cell is released. 
Observation 6: Simultaneous Tx/Rx operation with the source cell and Target cell during HO requires dual protocol stacks tentatively. 

         Figure 2    Dual protocol stack 
Proposal 3: Consider “make-before-break” HO with tentative dual protocol stacks in NR to achieve 0 ms interruption. 
UL power limitation 
The cost and complexity to support simultaneous TX/RX with source cell and target cell is concerned. Even if simultaneous Tx/Rx with source cell and target cell is supported, UE maybe UL power limited especially when PRACH and PUSCH are transmitted simultaneously with different cells, which should be evaluated by RAN1. 
SN Status Transfer and data forwarding
In current handover procedure, the SN Status Transfer procedure and data forwarding is sent following RRC Connection Reconfiguration message. UE accessing to target cell and data forwarding are performed in parallel. Generally, the SN STATUS TRANSFER message can only be generated after the source eNB stopping the data transmission. If simultaneous Tx/Rx operation with source gNB and target gNB is supported, how to perform SN status transfer and data forwarding at the source gNB, which simultaneously performs data transmission with UE, should be considered by RAN3. 
Observation 7: UL power limitation and SN status transfer procedure are concerned in simultaneous Tx/Rx with source NR cell and target NR cell. 
Proposal 4: Send LS to RAN1 and RAN 3 if simultaneous Tx/Rx with source cell and target cell is considered. 


3 Conclusions
In this contribution, we discuss how to achieve 0ms mobility interruption through make-before-break HO. 
Based on the observations:
Observation 1: The mobility interruption in LTE is nearly 50ms and is unable to meet the NR requirement. 
Observation 2: RACH-less HO is not always applicable. Also, additional interruption may be introduced depending on the availability of preconfigured periodical UL resource
Observation 3: Current make-before-break HO in LTE cannot achieve ‘0ms’ mobility interruption. 
Observation 4: ‘0ms’ interruption requires simultaneous Tx/Rx operation with the source NR cell and Target NR cell during HO.  
Observation 5: Dual RF, dual beam or TDM coordination can support simultaneous Tx/Rx operation with the source cell and Target cell during HO.  
Observation 6: Simultaneous Tx/Rx operation with the source cell and Target cell during HO requires dual protocol stacks tentatively. 
Observation 7: UL power limitation and SN status transfer procedure are concerned in simultaneous Tx/Rx with source NR cell and target NR cell. 
We propose:
Proposal 1: NR HO procedure with Random access should be considered as baseline. 
Proposal 2: Consider “make-before-break” HO requiring UE simultaneous Tx/Rx with source cell and target cell during HO in NR to achieve 0 ms interruption.
Proposal 3: Consider “make-before-break” HO with tentative dual protocol stacks in NR to achieve 0 ms interruption. 
Proposal 4: Send LS to RAN1 and RAN 3 if simultaneous Tx/Rx with source cell and target cell is considered. 
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