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1. 
Introduction
In the context of the ongoing Rel-14 RAN study, various performance KPIs and requirements have be proposed in the latest Technical Report, Study on Scenarios and Requirements for Next Generation Access Technologies [1], including UE energy efficiency, mobility and Network energy efficiency, etc. Clearly, mobility design and enhancement is one of the important areas for ensuring and optimizing those performance KPIs.

In a typical cellular communication system, to perform mobility procedure, generally speaking one part of the communication link needs to send the reference signal while the other part of the link needs to make measurement and determine when the mobility procedure is needed. Intuitively, there can be two high level categories of mobility procedures, namely 
· UL based mobility: UE sends the reference signals while eNB performs the cell search

· DL based mobility: eNB sends the reference signals while UE performs the cell search 

In mobility challenging scenarios such as highway/high speed train, or dense deployment, DL based mobility may have performance limitation, such as significant power overhead for UE to perform frequent and extended cell search, delayed cell re-selection or handover due to bad DL SINR as results of strong interference from neighbouring cells, etc. Therefore, it is expected that, in a mobility challenging scenario, UL based mobility can have multiple benefits compared to DL based mobility, including but not limited to

· UE power consumption reduction

· Improve paging miss and call setup delay

· NW paging resource reduction

· HO failure rate reduction

In this contribution, we describe the high level procedure for DL and UL based mobility in different RRC state.
2. 
DL-based mobility procedure in RRC connected inactive state
Figure 1 shows L1 signaling exchange and timeline for DL-based mobility procedure in RRC connected inactive state. We focus on the procedure for the intra-frequency mobility.
During DRX wake-ups, UE first uses the Cell-Sync to re-synchronize to the TRP if needed. It then uses the reference signals transmitted by the TRP to determine if intra-frequency cell-search criteria have been met and intra-frequency cell-search should be initiated. After initiating the intra-frequency cell search, UE will detect and measure neighboring cells. When enough measurement has been made and UE is confident that neighboring (target) cell is better than the current (source) cell, UE will perform cell re-selection to the target cell. If the DRX wakeup coincides with a paging occasion, the UE also tries to decode TRP’s PDCCH to determine if it has been paged.  
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Figure 1. L1 signaling exchange and timeline for downlink based mobility in RRC connected inactive state

3. 
UL-based mobility procedure in RRC connected inactive state 
Figure 2 shows L1 signaling exchange and timeline for UL-based mobility procedure in RRC connected inactive state.
For UL based mobility, multiple TRPs can form a zone in which all TRPs are synchronized. A measurement reference signal is needed for the UE to track the zone and/or make zone measurement. Measurement reference signal in the zone can be transmitted in a SFN way.
During DRX wake-ups each UE tracks the zone measurement reference signal, which allows it to determine if it has changed zones in between DRX wake-ups. UE also measures the zone strength for UL open loop power control, and other radio link monitoring purposes. Based on the zone strength measurement, UE then transmits a reference signal which the network (i.e., TRPs in the zone) uses for measurements and for determining the TRP(s) that will be used to send the network response signal. The network response signal contains a one-bit paging-indicator. If the paging indicator is set, the UE reads another (zone-based) channel that provides the UE with additional information, such as the PCI of the TRP actually carrying the paging channel. After acquiring the PCI, UE can read the corresponding PDCCH/PDSCH for connection setup. 
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Figure 2. L1 signaling exchange and timeline for uplink based mobility procedure in RRC connected inactive state

4. 
DL-based mobility procedure in RRC active state
Figure 3 shows the call flow for DL-based mobility procedure in RRC connected active state. We focus on the procedure for the intra-frequency mobility. The procedure is very similar to LTE, in which UE monitors the strength of the neighbor cells, here, we assume the measurement signal is called MRS-C. UE will trigger UL measurement report when even-trigger condition is met, after which NW can send HO command to initiate the serving cell change. 
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Figure 3 Call flow for DL based mobility in RRC connected active state

5. 
UL-based mobility procedure in RRC active state
Figure 4 shows the call flow for UL-based mobility procedure in RRC connected active state. Compared to the DL based mobility, instead of perform cell search, UE sends UL measurement reference signal, similar to SRS. Based on the UL measurement reference signals, different cells can measurement the strength of the signal and determine whether serve cell change is needed. Once serving cell change is determined, NW can send the HO command.
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Figure 4 Call flow for UL based mobility in RRC connected active state
6. 

Benefits of UL-based mobility
In certain scenarios, e.g., high-speed mobility and dense deployments, UL-based mobility could have important advantages over DL-based with respect to:
· UE power consumption reduction

· Improve paging miss and call setup delay

· NW paging resource reduction

· HO failure rate reduction

The reason behind UL-based mobility’s increased reliability is that UE and network perform a closed-loop L1 handshake at each DRX wakeup (i.e., UE transmitting a reference signal and network sending back a response signal), providing them both with more accurate and timely information on channel state. This closed-loop L1 handshake is absent in DL-based mobility where UE relies on open-loop L3 filtered measurements of network transmitted reference signals, which are less accurate and up-to-date.
To understand the reason behind UL-based mobility’s reduced UE power consumption, it is important to note that in DL-based mobility, network transmits reference signals and UE performs measurement, whereas in UL-based mobility it is the other way around, i.e. UE transmits reference signals and network performs measurements. In a mobility challenging scenario such as highway/high speed train and dense deployment,  doing measurements can require more energy since neighbour cell measurements needs to performed more frequently (i.e., shorter DRX cycles), and take longer (i.e., longer measurement windows). As results, UL based mobility can provide UE power assumptions benefit since sending reference signal requires less amount of energy.

Also, it is important to note that, for DL based mobility, NW may not know the exact location of UE in a zone (which TRP is the best for serving the cell). Therefore, to page the UE, NW has to page the UE over a wider area, potentially in the whole zone. UL based mobility allows the NW to keep track of the UE and only page the UE in the TRP that is the strongest to serve the UE. Clearly, UL based mobility also has the benefit to reduce the NW (paging) resource utilization

Above we discuss the benefit in RRC connected inactive state from UL-based mobility. For RRC active state, the gain also comes from the fact the UE only needs to send the UL measurement signal. For DL based mobility, UE needs to perform DL cell search and measurement, and send mobility even report (e.g. A3) for handover. Clearly UL based mobility has the potential to reduce UE power consumption as well as can improve the robustness or reliability of the handover.
It is also nature to think for the benign mobility conditions, DL based mobility could also be a good choice as UE is note required to perform frequent cell search. In fact, the need for DL or UL based mobility varies from situation to situation. Hence it could also be beneficial for the system to support hybrid/dynamic DL-based and UL-based mobility.

7. 
Conclusions

For general mobility design in cellular system, one part of the communication link needs to send the reference signal while the other part of the link needs to make measurement and determine when the mobility procedure is needed. Intuitively, there can be two high level categories of mobility procedures, namely 

· UL based mobility: UE sends the reference signals while eNB performs the cell search

· DL based mobility: eNB sends the reference signals while UE performs the cell search 

In mobility challenging scenarios such as highway/high speed train, or dense deployment, DL based mobility may have performance limitation, such as significant power overhead for UE to perform frequent and extended cell search, delayed cell re-selection or handover due to bad DL SINR as results of strong interference from neighbouring cells, etc. Therefore, it is expected that, in a mobility challenging scenario, UL based mobility can have multiple benefits compared to DL based mobility, including but not limited 

· UE power consumption reduction

· Improve paging miss and call setup delay

· NW paging resource reduction

· HO failure rate reduction

In this contribution, we provide high level description of the DL based and UL based mobility procedure. In conclusion we summarize our proposals as follows:
Proposal 1: NR should support DL-based mobility in which RAN transmits reference signals and UE performs measurements based on reference signals of the serving and neighbor cells.

Proposal 2: NR should support UL-based mobility in which UE transmits reference signals and RAN determines a mobility event based on measurements reference signals of UE’s.
Proposal 3: NR should consider supporting hybrid/dynamic DL-based and UL-based mobility 
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