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1	Introduction
The objectives of the study/work item on NR mobility enhancements are described in [1] as follows:
	· To study solution(s) to reduce interruption time during HO/SCG change focusing on the following identified solutions but not limited. 
· Handover/SCG change with simultaneous connectivity with source cell and target cell. 
· Make-before-break 
· RACH-less handover 
· To study solution(s) to improve HO/SCG change reliability and robustness especially considering challenges in high/med frequency focusing on the following identified solutions but not limited. 
· Conditional handover 
· Fast handover failure recovery 


 
In this contribution, we first analyse the service interruption time during HO in Rel-15 NR system. Then, we discuss the potential solutions for reducing the service interruption time for a UE with one or two transceivers (TRXs).
2	Discussion
2.1 Analysis of service interruption time
The service interruption time has been defined in [2] for LTE as the duration between the point in time when the UE stops transmission/reception with the source eNB and the time when target eNB resumes the transmission/reception with the UE. The same definition shall be applied for NR.
Proposal 1: The service interruption in NR is defined as the duration between the point in time when the UE stops transmission/reception with the source gNB and the time when target gNB resumes the transmission/reception with the UE after UE has sent RRCReconfigurationComplete.
Fig. 1 depicts the service interruption time in baseline NR HO as defined in [3]. The service interruption time starts upon the reception of the HO command and ends with transmission of RRC Reconfiguration Complete message to the target gNB.
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Figure 1: Service interruption time in NR HO.
The service interruption time entails RRC procedure delay which is limited to 10 ms for RRC Reconfiguration [4] and the interruption time until the UE starts the transmission PRACH to target gNB. The interruption time shall be less than Tinterrupt that is defined in [5] as follows                   
·                          Tinterrupt  = Tsearch  + TIU   + Tprocessing + TΔ  ms, 
· [bookmark: _GoBack]
where the description of the components is provided in Table 1 estimating the handover interruption in intra-frequency handover in NR FR1 and FR2. For inter-frequency HO between FR1 and FR2 (or vice-versa), Tprocessing can be up to 40 ms to account for the switching time of the second RF chain operating at different frequency.

Table 1: Components of intra-frequency handover interruption in NR FR1 and FR2.
	Component
	Description
	Time

	1
	RRC Reconfiguration procedure delay
	10 [4] 

	2
	Target cell search Tsearch
	0 
(if target cell is known)

	3
	UE processing time Tprocessing
	20
       (upper limit for FR2)

	4
	Fine time tracking and acquiring full timing information of the target cell TΔ
	20, 10 on average 
(default value for  SMTC period)

	5
	Delay to acquire the first available PRACH in target gNB TIU
	up to 20, 10 on average
(for smallest value of x =1 defined in tables 6.3.3.2-2 and 6.3.3.2-3 of [6] for FR1 and table 6.3.3.2-4 for FR2)

	6
	PRACH preamble transmission
	1 slot [7]
(FR1/FR2: 1/0.125 ms) 

	7
	UL Allocation + TA for UE
	10 slots [7]
(FR1/FR2: 10/1.25 ms)  

	8
	UE sends RRC Reconfiguration Complete
	8 slots [7]
(FR1/FR2: 8/1 ms)  

	
	Ball-park total delay [ms]
	69/52.4



Observation 1: The service interruption time in inter-frequency (FR1-FR2 or FR2-FR1) handover can be higher than that in intra-frequency (FR1-FR1, FR2-FR2) due to the switching on time of the second RF chain.
Observation 2: The service interruption time can be up to 69 ms and 53 ms in intra-frequency FR1 and FR2 handover, respectively, and up to 89 ms in inter-frequency handover (FR2->FR1).

2.2 Potential Solutions for Reducing Interruption Time
In this section, we discuss the potential solutions that can be considered for reducing the service interruption time for UE with 1 or 2 TRXs.
2.2.1 Potential solutions for UE with 1 TRX

In LTE Rel. 14, two enhancements to the baseline handover have been proposed to reduce the service interruption, namely Make-before-Break (MBB) and RACH-less HO [8]. 
In Make-before-Break, the UE continues to exchange user data with the source cell after receiving the HO command until it initiates the RACH access to the target cell. As such, the service interruption time is reduced at most by RRC Reconfiguration procedure delay​ which will be 10 ms in NR. 
RACH-less handover has been introduced for scenarios where the Timing Advance (TA) of the target cell can be set to 0. In this case, the UE can skip the first two steps of the RACH procedure and send Msg3 after receiving the HO command. As such, the service interruption time can be reduced by the time to send PRACH preamble and receiving an UL grant in RACH response (Msg2). In NR beam-based system, RACH procedure is not used only to get TA and UL grant but to perform also beam alignment where gNB and UE learn how to configure their TX/RX beams for subsequent signalling after Msg2. This issue is discussed in [9] providing details about the RACH-less HO solution in NR system applying beamformed transmission.
MBB and RACH-less handover are two enhancements that are relevant for UEs with 1 TRX. However, for UEs with two TRXs better solutions exist, as discussed in Section 2.2.2. Considering that Multi RAT-Dual Connectivity (MR-DC) and NR DC are part of Rel-15, many UEs are expected to have two TRXs rendering MBB and RACH-less HO less appealing in presence of other more advanced mobility solutions.

Proposal 2: RAN2 is asked to discuss whether mobility enhancements, such as MBB or RACH-less HO, need to be supported for UEs with 1 TRX.

2.2.2 Potential solutions for UE with 2 TRXs

Achieving 0 ms interruption time during the handover requires that the UE performs access to the target cell before detaching the connection with the source cell.  As such, the UE would be connected, for some time, simultaneously to both source and target cells which require UEs to have either two TRXs or 2 RXs/1TX if simultaneous uplink is not feasible due to RF or hardware limitations. In the latter case, TDM solution can be applied for UL where the UE transmits either to source or target cell at a time.
In RAN2#103bis [10] , “split-bearer” and “non-split bearer” solutions have been identified as two potential candidates for dual-connected handover reducing the service interruption time in LTE system “close” to 0 ms. The split-bearer solution makes use of the DC framework where a split bearer can be configured at the source cell for forwarding PDCP PDUs to the target cell. In non-split bearer solution, the source cell forwards PDCP SDUs to the target cell which will then perform header compression and ciphering as in baseline HO. 
In contrast to LTE DC, MR-DC and NR-DC are part of the first NR release and they will be deployed. As such, split-bearer solution becomes more appealing than non-split bearer since the framework of existing NR DC can be re-used to achieve dual connected handover. Moreover, extending the split-bearer solution to create mobility robustness may require little or no effort as SRB duplication is already supported.
Proposal 3: Study split-bearer and non-split bearer solutions as two potential candidates for achieving 0 ms interruption time during the handover.
3	Conclusion
In this contribution, we have analysed the service interruption time during HO in NR and discussed potential solutions for reducing it. The following observations and proposals have been made:
Proposal 1: The service interruption in NR is defined as the duration between the point in time when the UE stops transmission/reception with the source gNB and the time when target gNB resumes the transmission/reception with the UE after UE has sent RRCReconfigurationComplete.
Observation 1: The service interruption time in inter-frequency (FR1-FR2 or FR2-FR1) handover can be higher than that in intra-frequency (FR1-FR1, FR2-FR2) due to the switching on time of the second RF chain.
Observation 2: The service interruption time can be up to 69 ms and 53 ms in intra-frequency FR1 and FR2 handover, respectively, and up to 89 ms in inter-frequency handover (FR2->FR1).
Proposal 2: RAN2 is asked to discuss whether mobility enhancements, such as MBB or RACH-less HO, need to be supported for UEs with 1 TRX.

Proposal 3: Study split-bearer and non-split bearer solutions as two potential candidates for achieving 0 ms interruption time during the handover.
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