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Introduction
[bookmark: _Hlk510705081]A new WID on NR mobility enhancements was agreed in RAN Plenary meeting #80 [1]. The objectives to be considered in the work item are 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 
RAN2 should avoid increasing signalling overhead. 
Note: LTE mobility enhancements should be used for baseline for fast handover failure recovery, Make-before-break and RACH-less handover. 



Following aspects should be considered in above objectives [1]:
	- Inter and intra frequency handover/SCG change
- Inter-CU, intra-CU/inter-DU and intra-DU handover/SCG change
- Synchronous and asynchronous deployments as assumed in Rel-15 NR
- UE capability on the number of Tx/Rx chains
- Low and high velocity
- FR1 and FR2 frequencies



In this contribution we discuss the solutions related to the interruption reduction during HO/SCG change and also solutions related to improve the reliability of HO/SCG change.
Interuption time reduction in HO/SCG change
Interuption time
The service interruption time has been defined for LTE in 36.881 [2]. It is determined 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. Figure 1 below depicts the service interruption time in baseline NR HO as defined in 38.300 [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. Thus would appear that same definition of interruption time could be also applied in NR mobility enhancements.
Observation 1: The service interruption in NR can be 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.   
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Figure 1: Service interruption time in NR HO.

In RAN4 requirements in 38.133 [4] for the interruption time for UE to start PRACH transmission after compeleting RRC Reconfiguration processing can be written as follows (in general format for FR1 and FR2):
Tinterrupt  = Tsearch  + TIU   + Tprocessing + TΔ  ms,
where the Tsearch is the time required for target cell search (0ms if known), TΔ is the is time for fine time tracking and acquiring full timing information of the target cell and TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell (i.e. SFNs).  Tprocessing for UE processing and is dependent on type of the HO (FR1-FR1, FR1-FR2 etc.), ranging from 20 ms to 40 ms. The total HO delay encompasses also RRC procedure delay i.e. RRC Reconfiguration processing, which is limited to 10ms for RRC Reconfiguration in [5].
Potential solutions for reducing interruption time
As listed in WID [1] objectives enabling simultaneous connectivity to source and target and RACH-less handover are candicate solutions to interruption reduction. In following we will discuss these in more detail.
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 [6]. 
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 (i.e. 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 this context it is good to observe that in RAN#82 a new work item on “2-step RACH for NR” was agreed [7]. As discussed in [8], in 2-step RACH, MsgA combines the preamble signal (Msg1) and the data signal (Msg3), and MsgB combines the random access response (Msg2) and the contention resolution (Msg4). The 2-step RACH procedure is illustrated in Figure 2.
Observation 2: Make-before-Break and RACH procedure related enhancements should be studied for mobility enhancements. For RACH enhancements, RACH-less HO and 2-step RACH could be considered.


Figure 2: 2-Step RACH procedure.



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. RAN2 inquired about the feasibility of simultaneous reception and transmission in context of for different type of DC related mobility (intra/inter frequency) and deployements (Synchronous/asycnrhonous). Based on the LS RAN4 discussed and concluded that it would be feasibility to simultaneously receive from two cells, or transmission to two cells in certain scenarios and with certain assumptions and capability limitations [11].
Observation 3: Simultaneous connectivity solutions covering 1TX and 2TX implementations should be studied for NR mobility enhancements.
 Potential solutions for mobility robustness
The main intent of mobility robustness is to reduce the occurrence of connection failures which cause the UE to autonomously initiate RRC connection re-establishment. Two types of connection failures exist; Radio Link Failures (RLF) and Handover Failures (HoF). These can be cause by bad link quality either DL or UL (resulting failed measurement report or handover command exchange) which in turn can be result of too late or too early procedure start. In context of LTE, various different enhancement mechanisms have been considered and introduced [9], which could be also be considered for NR, on suitable parts. Other alternative solutions could also be considered.
One additional potential solution, conditional HO, has been also discussed in past [10]. The main idea of the conditional handover is to send the handover command very early, and along with an additional execution condition. In contrast to the legacy handover, where the UE immediately accesses the target cell (which is very likely to be unstable due to the early execution), the UE will only access the target cell when the execution condition triggers. Since this might be done even without contacting the source cell, this is also called UE autonomous handover. However, in context of conditional HO and mobility robustness in general, it could be beneficial to consider in NR the beam domain aspects related to handover procedure. The main issue for the beam domain would be risk/possibility that the initial beams e.g. based on earlier measurements prior conditional HO configuration, are not valid anymore when the conditional HO is triggered. 
Observation 4: Beam domain aspects could be considered in conjunction of mobility robustness enhancements.
As discussed for reducing interruption, simultaneous connectivity based solutions (e.g. Dual Connected HO) could also be considered for mobility robustness. The Dual Connected HO (split bearer or non-split bearer) is one of the candidate solutions for the minimization of user data interruption in LTE, and most likely for NR as well. Like discussed in Section 2.2, the general assumption is that a UE establishes the link to the target cell BEFORE detaching from the source cell. Depending on RAN2 approach (split bearer or non-split bearer) different approaches could be considered and necessary UE requirement would need to be considered. 

Conclusion
In this contribution we have initiated the discussion related to NR mobility enhancements. It is understood that this work is mainly driven by RAN2 decisions and solutions, and in context of those following observations are made:-
Observation 1: The service interruption in NR can be 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 2: Make-before-Break and RACH procedure related enhancements should be studied for mobility enhancements. For RACH enhancements, RACH-less HO and 2-step RACH could be considered.
Observation 3: Simultaneous connectivity solutions covering 1TX and 2TX implementations should be studied for NR mobility enhancements.
Observation 4: Beam domain aspects could be considered in conjunction of mobility robustness enhancements.
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