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Introduction
[bookmark: _Ref178064866]According to an agreement [1], in the NR system, the IDLE mode UE camps on the best cell. CONNECTED mode mobility will be network controlled. This contribution discusses an approach for improving handover robustness and minimizing data interruptions during the HO procedure.
Discussion
0. LTE HO procedure 
The HO procedure used in LTE is depicted in Figure 1. 


Figure 1: Flow diagram for Active mode mobility in LTE
Prior to this flow chart, the UE has been configured with event based report triggering criteria. Once a triggering criterion has been met, the UE sends a measurement report to the Source eNB via RRC. The measurement reporting parameters provided by the network aim to minimize both ping-pong as well as handover failures. For intra-frequency mobility this is typically achieved by configuring an A3 measurement event so that a report is triggered when a neighbor cell is found to be a few dB better than the serving cell. Due to measurement errors in bad radio conditions and due to the necessary filtering, the actual difference in signal strength may actual be worse than anticipated by the configured event threshold. A consequence of this is that many measurement reports and the subsequent mobility related RRC signaling are exchanged in challenging radio conditions and are hence error prone.
1. [bookmark: _Toc461514224][bookmark: _Toc463000882][bookmark: _Toc463001396][bookmark: _Toc463030101][bookmark: _Toc463053251][bookmark: _Toc463053288][bookmark: _Toc463013021]LTE handover involves RRC signaling over degrading radio links (from the source cell to the UE) which may cause undesired latency and high failure probability. 
0. NR HO procedure challenges
In a beam-based system like NR, and especially in higher frequency bands, the serving radio link to the UE may become impaired much more rapidly than in conventional LTE deployments. As the UE is moving out of the current serving beam coverage area, it may not be possible to conduct RRC signalling via the serving node to complete the HO procedure. 
1. [bookmark: _Toc461514225][bookmark: _Toc463000883][bookmark: _Toc463001397][bookmark: _Toc463013022][bookmark: _Toc463030102][bookmark: _Toc463053252][bookmark: _Toc463053289]In some NR deployments and scenarios, the probability of HO failure could increase due to the dependency on the RRC signaling transmissions over the source node at a time when the UE has already moved into the coverage area of the target cell. 
0. Using early HO command to improve HO robustness
To avoid the undesired dependence on the serving radio link upon the time (and radio conditions) where the UE should execute the handover, NR should offer the possibility to provide that RRC signalling to the UE earlier. To achieve this it should be possible to associate the HO command with a condition. As soon as the condition is fulfilled, the UE may execute the handover in accordance with the provided handover command.
[bookmark: _Toc463053253][bookmark: _Toc463053290]NR should offer the possibility to associate the HO command (RRCConnectionReconfiguration with mobilityControlInfo) with a condition. As soon as the UE determines the condition to be fulfilled, it executes the handover in accordance with the handover command.
Such a condition could e.g. be that the reference signal of the target cell or beam becomes x dB stronger than the reference signal of the serving cell or beam. The threshold used in a preceding measurement reporting event should then be chosen lower than the one in the handover execution condition. This allows the serving cell to prepare the handover upon reception of an early measurement report and to provide the RRCConnectionReconfiguration with mobilityControlInfo at a time when the radio link to the UE is still stable. The execution of the handover is done at a later point in time (and threshold) that is considered optimal for the handover execution. 
[image: ]
[bookmark: _Ref463051822]Figure 2: Conditional handover execution based on DL RS measurements
Figure 2 depicts an example with just a serving and a target node. In practice there may often be many cells or beams that the UE reported as possible candidates based on its preceding RRM measurements. The RAN should then have the freedom to issue conditional handover for several of those candidate. The RRCConnectionReconfiguration for each of those candidates may differ e.g. in terms of the HO execution condition (RS to measure and threshold to exceed) as well as in terms of the RA preamble (denoted Uplink Signature Signal in Figure 2) to be sent when a condition is met. It may for example increase the HO success rate if the UE indicates by means of different RA preambles, which of the candidate target beams it selected, i.e., which beam fulfilled the HO execution condition. 
We also believe that this basic structure may be combined with other HO-enhancements. For example, RAN2 briefly discussed uplink based mobility schemes. The RRCConnectionReconfiguration for the early HO command could e.g. also comprise a configuration for sending UL reference signals (similar to RA preambles) that both the serving as well as the neighbour nodes attempt to receive. The network could determine the most suitable cell based on the observed uplink signals and issue a downlink reference signal upon which the UE executes the pre-conditioned HO command. 
a UE aiming to support URLLC with extremely short HO interruption could be configured to maintain the data exchange with the source node while establishing the data exchange with the target. As was discussed in the LTE mobility enhancement Study, this may require additional Hardware Elements in the UE and may therefore likely not supported by all UEs. 
[bookmark: _Toc458461065][bookmark: _Toc450773277][bookmark: _Toc450773306][bookmark: _Toc450773354][bookmark: _Toc450773369][bookmark: _Toc450774156][bookmark: _Toc450814189]Conclusion
[bookmark: _Toc450908196][bookmark: _In-sequence_SDU_delivery]We made the following observations:
Observation 1	LTE handover involves RRC signaling over degrading radio links (from the source cell to the UE) which may cause undesired latency and high failure probability.
Observation 2	In some NR deployments and scenarios, the probability of HO failure could increase due to the dependency on the RRC signaling transmissions over the source node at a time when the UE has already moved into the coverage area of the target cell.

And, based on these observations we propose the following:
[bookmark: _GoBack]Proposal 1	NR should offer the possibility to associate the HO command (RRCConnectionReconfiguration with mobilityControlInfo) with a condition. As soon as the UE determines the condition to be fulfilled, it executes the handover in accordance with the handover command.
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[bookmark: _Ref463048888]Report of RAN2-95; ftp://ftp.3gpp.org/tsg_ran/WG2_RL2/TSGR2_95/Report/ 

Microsoft_Visio_2003-2010_Drawing111111111.vsd
Legend


packet data


UE


packet data


Target eNB


Detach from old cell and synchronize to new cell


Deliver buffered and in transit packets to target eNB


3. Context Confirm (new C-RNTI…)


6. Handover Confirm


7a. Handover Completed


7b. UE Update to MME/UPE


1. Measurement Reports


eNB makes HO decision to move UE to a Cell in Target eNB


2. Context Data (UE RAN Context)


4. Handover Command (new C-RNTI...)


 DL allocation


deliver user data (i)


Flush DL buffer, continue delivering in-transit packets


packet data


 UL allocation


Store UE RAN Context, 
reserve C-RNTI


Source eNB


MME/UPE


Buffer packets from Source eNB


5. Synchronisation


 UL allocation + TA for UE


packet data


deliver user data (ii)


Path Switching


packet data


L3 signalling


L1/L2 signalling


User Data



image2.emf

image1.emf
Legend

packet data

packet data

packet data

 UL allocation

1. Measurement Reports

eNB makes HO decision 

to move UE to a Cell in 

Target eNB

2. Context Data (UE RAN Context)

Store UE RAN Context, 

reserve C-RNTI

3. Context Confirm (new C-RNTI…)

4. Handover Command (new C-RNTI...)

DL allocation

deliver user data (i)

6. Handover Confirm

7a. Handover Completed

7b. UE Update to MME/UPE

UE Source eNB Target eNB MME/UPE

Detach from old cell and 

synchronize to new cell

Deliver buffered and in transit 

packets to target eNB

Buffer packets from 

Source eNB

5. Synchronisation

 UL allocation + TA for UE

packet data

deliver user data (ii)

Flush DL buffer, 

continue delivering in-

transit packets

Path Switching

packet

 data

L3 signalling

L1/L2 signalling

User Data


