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1 Introduction
Mobility performance including reliability and interruption time is vital for services requiring ultra-reliability and low latency, including remote control, aerial, industrial automation, industrial control, etc. In the area with dense LTE cells deployed, UE may experience more frequent handover due to the number and radius of cells. In order to improve the reliability of HO, multiple solutions were proposed and discussed previously, including eMBB (enhanced make before break), simultaneous connections with source and target eNB during HO, conditional HO, etc.

Currently, HO procedure involves at least three RRC messages, namely measurement report, HO CMD and HO complete messages. The loss of MR and HO CMD message would lead to HO failure. To improve the robustness of these RRC messages and HO performance, conditional HO was proposed, allowing the measurement report and HO CMD to be sent in an early stage. 
Here in this contribution we discuss about some enhanced conditional HO schemes, which not only improve the HO reliability but at the mean time also tackle the signaling overhead issue in small cell deployment.
2 Discussion
2.1 Serving cell set solution
Small cell deployment is typical deployment scenario in the higher frequency layer. In such deployment, usually multiple serving cells in one geographical area are under the same eNB. If one connected UE is moving across the cells in such deployment, HO would occur very frequently. Following the legacy HO procedure in this case, there are obvious problems below:

· Heavy RRC signaling overhead for HO: measurement report, HO command, and HO complete are required for each HO procedure; 
· Frequent data transmission interruption time: data interruption is during each HO procedure; if HO happens frequently, it is hardly for UE to keep the service alive, and it will bring very bad user experience;
· High frequency of RLF and HOF: if NW cannot provide the HO command timely, RLF or HOF would be occurred very frequently. 

In order to resolve the above problems of the high frequent HO case, we should enhance the mobility mechanism for the high frequent UE mobility in the high dense small cell deployment. 
Proposal 1: Mobility enhancement should focus on the UE mobility in high dense small cell deployment. 
In such deployment, since typically the small cells belong to one eNB. One potential solution is that the eNB configures all the potential serving cells to the UE, i.e. “serving cell set”, and marks these cells within the serving cell set ready to serve this UE. When UE moves within the serving cell set, if UE detects the current serving cell is not good, UE can choose another cell with good quality within the serving cell set as the serving cell, and directly perform data transmission in the new serving cells. NW and UE can sync the current serving cell info via L1 or L2 signaling. 
In the “serving cell set” solution, when UE moves across the cells within the serving cell set, all the legacy HO problems can be resolved.
· Due to no RRC signaling required for cell changel, there is no RRC signaling overhead;
· Due to the same L2/L3 configuration employed within the serving cell set,data transmission can be across cells
· Due to UE can select the serving cell by it self or according to the NW configured rule, there will be no RLF and HOF happen. 

Proposal 2: Propose RAN2 to consider the “serving cell set” solution for mobility enhancement.
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Fig. 1 – Example of serving cell set
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Fig. 2 – Conditional HO procedure between serving cell set and within serving cell set
2.2 In-Order conditional HO along known routes 

The benefits of conditional HO could be even further improved if we have known routes of UE where high-speed mobility (i.e., HST) is expected. 
There are several routes (in terms of cells given by global cell identifier along the route) that can be known by network in advance.

· High Speed trains: All UEs on a train are going to travel along finite number of known route of cells along the rail track.
· Autobahn and motorways

· Machine learning to create probabilistic models to determine routes of devices at different times of the day starting from key locations like train stations.

There are also several routes (in terms of cells given by global cell identifier along the route) that can be known by UE in advance.
· Route to a destination (i.e., home, work)

· UEs embedded with autonomous vehicels/delivery drones are pre-programmed to travel along certain routes

· Devices could provide the assistance information of route plan to network in advance to allow for early conditional handovers (as a list of in-order traversal of expected global cell-ids).
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Fig. 3 – Illustration on known routes movement of UE
We can take the advantage of that knowledge to minimize RRC signaling to make conditional HO more reliable, and to reduce data losses as UE can handover from one cell to another without a lot of immediate network intervention. In details, considering UE is in high-speed mobility, channel condition from source cell will deteriorate even faster in time due to high speed mobility. If measurements are configured, a large group of devices will evaluate similar channel conditions and enter the reporting point simultaneously causing a sudden spike in network load. If measurement reports are missed, it will lead to conditional handover failures as network will not be able to forward data to target eNB.
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Fig. 4 – Conditional HO procedure with known routes knowledge

In Fig. 4, an example conditional HO procedure is illusrtated with UE assitance on route information. Initially NW could configure a Backoff Timer (B1) for UE assistance information in SI, where Backoff Timer (B1) is to restrain UE from frequent transmission of this message. UE then sends a UE uplink assistance information with the following information: In order list of global cell ids of expected-cells-to-be-visted to assist network in identifying the in-order conditional handover sets, type of devices (RF/Power limited, embedded in-car device, normal device) to assist network in determining handover thresholds for conditional handovers. 
Then, network can configure multiple sets of In-Oder Conditional Handover Set for multiple possible routes to a destination location. Each In-Order Conditional Handover Set comprise of configuration information such as a list of target cell ID(s), handover thresholds, validity period, etc. If the validity period exceeds, conditional handover set is invalidated and UE can discard entire configuration. 

Proposal 3: Considers the enhanced conditional HO scheme with known routes knowledge proposed in the contribution.

Proposal 3.1: NW side configures the UE with In-Order Conditional Handover Set comprising of a set of target cells for HO when UE moves along a known route.   
3 Conclusion
In this contribution, two enhanced conditional HO schemes were proposed, in order to save the RRC signaling overhead while at the same time maintaining good HO performance.

Proposal 1: Mobility enhancement should focus on the UE mobility in high dense small cell deployment. 
Proposal 2: Propose RAN2 to consider the “serving cell set” solution for mobility enhancement.
Proposal 3: Considers the enhanced conditional HO scheme with known routes knowledge proposed in the contribution.

Proposal 3.1: NW side configures the UE with In-Order Conditional Handover Set comprising of a set of target cells for HO when UE moves along a known route.   
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