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[bookmark: OLE_LINK219][bookmark: OLE_LINK218][bookmark: OLE_LINK217][bookmark: OLE_LINK216][bookmark: OLE_LINK215]In R16 NR Mobility Enhancement WI [1], it is proposed to study/develop solution(s) to improve HO/SCG change reliability and robustness especially considering challenges in high/med frequency, high mobility scenarios and meeting 0ms mobility interruption time requirements. In the WI [1], conditional handover and fast handover failure recovery are listed as candidate solutions for study. Our companion contribution [2] also discusses the negative impacts of frequent handovers (e.g. reconfiguration with sync) in high mobility scenarios such as high-speed train and dense-urban deployments. In this paper, we discuss aspects related to mobility, in particular we will focus our discussion on details of DC-based HO and Make-Before-Break solutions and their respective impacts from RAN1’s perspective. 
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Mobility Interruption time and HO considerations
Based on the ITU-R discussions for IMT-2020 technical requirements, mobility interruption time is defined as follows [3]:
7.7	Mobility interruption time
Mobility interruption time means the shortest time duration supported by the system during which a user terminal cannot exchange user plane packets with any base station during transitions.
The target for mobility interruption time should be 0ms.

Based on the above definition, a UE needs to have an active user plane connection with user plane packets being exchange with a base station at all times for the UE to not experience any mobility interruption. The user plane consists of 3 protocol layers, therefore it is crucial to determine which layer we pick as the reference point for mobility interruption. In traditional handover (HO) procedures, the UE will first release its active connection with the serving cell and establish a new connection with the target cell. From RAN1’s perspective data packets are Transport Blocks carried in PDSCH transmissions, therefore we can make the assumption that as long as the UE is configured to actively monitor for PDCCH transmissions from a serving cell then the UE is not experiencing any mobility interruption time. Throughout this paper we will use this assumption to guide and motivate our discussion on how to enhance mobility issues in NR.
Handovers (HO) are the first and foremost way to deal with mobility in cellular networks. A traditional HO procedure involves three phases that includes: handover preparation, handover execution and handover completion. The HO process is fully controlled by the network. The HO process is typically triggered by some measurement event defined in the UE’s reporting configuration, which prompts the UE to send a measurement report to the serving cell. In R15 NR, the serving cell will then send a HO command in the form of a RRC Reconfiguration message carrying a reconfigurationWithSync object. This will prompt the UE to look for the SS/PBCH block of the target cell in order to acquire time and frequency synchronization, as well as the SFN of the target cell as part of MIB. Other system information typically found in SIB1 (such as carrier configuration) can be supplied as part of the spCellConfig supplied with reconfigurationWithSync, thus avoiding time spent monitoring a PDCCH transmission on CORESET 0, scheduling a PDSCH transmission carrying SIB1.

DC-based HO
A DC-based HO procedure is an enhancement on the traditional HO procedure. That is achieved by using two active links to a PCell and a PSCell, allowing for DL and UL data connectivity. A DC-based solution establishes one control plane, i.e. the UE has one RRC connection, and one user plane, i.e. the UE has one anchor point. From RAN1’s perspective: the UE is configured to monitor for PDCCH messages scheduling data transmissions from two different cells simultaneously and thus maintains two active data links, i.e. the UE does not experience any mobility interruption time. From RAN1’s perspective: as long as a UE is configured to monitor for PDCCH messages scheduling data transmissions at all times, the requirement of 0ms mobility interruption time is considered to be met.
Observation 1: From RAN1’s perspective, the 0ms mobility interruption time requirement is considered met as long as the UE is monitoring NR-PDCCH messages scheduling data DL/UL transmissions at all times.

An intra-frequency DC-based solution can work in conjunction with RRM measurements in order to determine when the network configures a PSCell for the UE. DC-based mobility in intra-frequency scenario is discussed in our companion RAN2 contribution [5], where the discussion focuses on RAN2 related aspects of mobility, the merits of intra-frequency DC and how this solution is made feasible in NR.

RAN1 impacts
From RAN1’s perspective: the discussion around DC-based enhancements is intrinsically linked to the multi-TRP transmission discussion that is currently taking place in RAN1. DC-based solutions (both intra-frequency and inter-frequency based solutions) require the UE to be able to receive PDCCH messages scheduling data transmissions from the source and target cells simultaneously. RAN1 reached such an agreement and sent the following LS in RAN1 NR Ad-hoc #2 (June, 2017) regarding multi-TRP transmission:
Agreements
Adopt following for NR reception:
1	Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs
2	Multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP.
RAN1 is considering different scenarios including TRPs connected with ideal and non-ideal backhaul link, TRPs with same and different cell IDs, etc. to provide an increased throughput for users covered by different TRPs, and greater radio link reliability through dual connectivity-like operation.

The scenario that has been mainly discussed in RAN1 thus far in Rel-16 is that of multiple NR-PDCCH reception in an intra-cell scenario. However the scope of the agreement in NR Release 15 did include DC-like operation of receiving multiple NR-PDCCHs from different cells. By enabling the UE to monitor and receive more than one NR-PDCCH from the same cell or from different cells simultaneously, the network can maintain continuous control and user plane connections with the UE in a user-centric manner. Using a DC-like architecture and solution, the network can configure the UE to monitor NR-PDCCHs from multiple cells such that potential mobility problems are treated as a scheduling problem involving multiple TRPs.
Observation 2: Multiple NR-PDCCH reception is already agreed by RAN1, allowing the UE to monitor multiple NR-PDCCH messages simultaneously from multi-TRP.
· Multi-TRPs could belong to the same cell or different cells.

Other RAN1 impacts have to do with the UE’s behavior with regards to UL Power Control. As of Release 15 there is no mechanism specified in RAN1 for how the UE performs Power Control for channels such as PUCCH, PUSCH and PRACH in NR-NR DC when the two cells are in FR1 or in FR2. Let’s use the PUSCH transmit power as an example:
[image: ]
PLb,f,c(qd) is the downlink path loss estimate based on a DL reference signal that the UE measures on the active DL BWP. For NR-NR DC, there is currently no description of what reference signal the UE is supposed to use to determine PLb,f,c(qd). The NR Release 15 specification does not provide any description of what inter-frequency DC and intra-frequency DC is. The NR Release 15 specification also does not provide any description for how UL power control is performed when both the PCell and PSCell are in FR1 or FR2, nor is there any description of any corresponding UE behavior for how to pick DL reference signals to determine PLb,f,c(qd) for NR-NR DC when both the PCell and PSCell are in FR1 or FR2.

Make-Before-Break
The Make-Before-Break solution is another enhancement on the traditional HO procedure in which the UE does not release its link to the source cell upon reception of the HO command, instead the UE waits until it starts the Random Access procedure and transmits the RA preamble to the target cell to release its link to the source cell. As part of the Random Access procedure, the UE will wait for a PDCCH message scrambled with the RA-RNTI within ra-responseWindow scheduling a PDSCH with the Random Access Response. This Random Access Response will provide the UE with UL resources to transmit the RRC Reconfiguration Complete message to the target cell, and from that point onward: the UE starts monitoring for PDCCH messages scheduling DL/UL data transmissions from the target cell. Further enhancements of MBB may define the moment the UE releases its link to the source cell at a later time (as opposed to when the UE starts transmitting the RA preamble to the target cell). From RAN1’s perspective, such enhanced MBB solutions can meet the 0ms mobility interruption time requirement as long as the UE does not release its link with the source cell until the UE has established its link with the target cell and is monitoring for PDCCH messages scheduling DL/UL transmissions from the target cell.
Observation 3: Make-Before-Break HO with enhancement that UE does not release its link with the source cell until the UE has established its link with the target cell can meet the 0ms mobility interruption time.

RAN1 impacts
From RAN1’s perspective: the impacts from Make-Before-Break with enhancement HO solutions are the same as DC-based HO solutions. Both solutions aim to reduce the mobility interruption time such that data connectivity is not lost (i.e. the UE is always monitoring for PDCCH messages scheduling DL/UL data transmissions). Similarly to the DC-based HO solution, the enhanced Make-Before-Break HO solution establishes a link with the target cell before releasing the link with the source cell: this means that the UE is indeed monitoring PDCCH messages from both the source and target cells simultaneously. Correspondingly: even with the enhanced Make-Before-Break HO solution the UE needs to perform UL Power Control tasks for channels such as PUCCH and PUSCH simultaneously and this UE behavior needs to be captured in RAN1 specifications, as described in section 2.2.1.
Observation 4: From RAN1’s perspective, DC-based HO and enhanced Make-Before-Break HO have the same level of specification impact.


Conclusion
This paper mainly discusses the issues of mobility from a RAN1 perspective. We provide our views on some of the mobility enhancements that can be brought in NR and make the following observations:
Observation 1: From RAN1’s perspective, the 0ms mobility interruption time requirement is considered met as long as the UE is monitoring NR-PDCCH messages scheduling data DL/UL transmissions at all times.
Observation 2: Multiple NR-PDCCH reception is already agreed by RAN1, allowing the UE to monitor multiple NR-PDCCH messages simultaneously from multi-TRP.
· Multi-TRPs could belong to the same cell or different cells.
Observation 3: Make-Before-Break HO with enhancement that UE does not release its link with the source cell until the UE has established its link with the target cell does not meet the 0ms mobility interruption time.
Observation 4: From RAN1’s perspective, DC-based HO and enhanced Make-Before-Break HO have the same level of specification impact.
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