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1 Introduction

In RAN2 95bis meeting, the following agreements were made for support of UL based mobility in RRC_INACTIVE state:
Agreement

1: Concerning RRC driven UL-based connected mode mobility:

•
For connected active state mobility, DL-based handover is supported, and UL based mobility can continue to be studied.

•
For connected inactive state, DL-based reselection is supported, and UL-based mobility can also be studied

•
Benefits of UL based mobility, compared to DL based mobility, should be studied with performance analysis.

This contribution discusses the principles of the UL based mobility and the benefits of the UL based mobility in RRC_INACTIVE state.
2 Principles on UL based mobility
The RAN2 contribution [1] shows how UL based mobility works. This contribution clarifies the principles of the UL based mobility, which were used to model the system for the simulations provided in [2] and [3]. 
Principles of UL-based mobility:
· UL-based mobility would handle at least mobility within a network region, which comprises timing-synchronized TRPs.
· FFS exact definition of the region
· The network may control the UE to perform, or not to perform, any DL measurement

· DL RS could be switched on/off based on whether there are UEs that need them (pending RAN1 approval of course)

· The UE maintains downlink sync as usual; uplink sync is assumed within some tolerance.

· The same cell assumptions apply as for DL-based mobility
· The UE transmits an uplink reference signal (UL RS)
· e.g. based on some signature given by the system information in RRC_INACTIVE state.
· UL reference signal includes a UE-ID, which allows the network to identify the UE at least within the region in RRC_INACTIVE state.

· The network measures the UL RSs at various TRPs and determines which TRP(s) best serve the UE

· FFS if an ACK for the UL RS transmission would be required in RRC_INACTIVE.

· The UE may receive some downlink control information, e.g. to update its configuration, wakeup signal – 

· The UE can receive paging on its regular POs in RRC_INACTIVE.

· FFS: How UE performs SI acquisition
Proposal 1: Agree on the principles for the UL based mobility.
3 Open issues raised in the last meeting
In last RAN2 meeting, some companies raised the following open issues with the UL based mobility. This section provides the answers for them.
1. Handover mechanism at boundary of region, and/or inter-frequency

UE always switches the measurement mode from UL to DL at the zone edge (zone = the network region mentioned in section 2).

Answer: There are two cases; 

1) NW controlled measurement mode switch and 

2) UE autonomous mode switch.

Basically NW has a responsibility to mitigate the UL interference so NW should reconfigure the UE at the zone edge TRP with the DL based mobility mode.

However if NW couldn’t do that in time (e.g. too long DRX cycle), then UE should perform autonomous UL based mobility to DL based mobility switch upon detection of the current zone SYNC degradation or upon detection of a new zone SYNC signal to perform zone reselection in case UE wakes up at the zone edge or UE performs a UL based mobility with new UMICH/KA resources given by the new zone SYNC signal in case UE wakes up in the completely new zone.

2. How does the network configure potential target gNBs for uplink measurement

Answer: For RRC_INACTIVE, in our design, UL reference signal uses RA resource and all the TRPs in the zone are able to monitor the RA resources without UL RS monitoring configuration prior to receiving the UL RS.
On the other hand, in RRC_CONNECTED state, RAN needs to explicitly configure the neighbour TRPs of the current serving TRP to monitor UL RS as UL RS is something like SRS.
3. Design (format/channel) of the uplink RS, choice of signatures, etc.

a. Related to how many signatures can be distinguished, and how often signature changes are needed

Answer: see section 4.
4. In RRC_INACTIVE state, is the DL cell reselection required to be performed in parallel with UL-based mobility?

Answer: A UE is required to perform either DL based mobility or UL based mobility but not required to perform them in parallel.
4 Performance analysis
We provided the performance analysis with the simulation results in terms of the paging performance and the energy saving performance in [2] and [3] before.
In last RAN2 meeting, some companies questioned if the UL based mobility is scalable. 
Therefore this time we bring a RAN1 paper [4], which includes the scalability analysis and it concludes:

Observation: PUMICH can be designed to support large number of UEs per zone (270k-420k) for UL based mobility
Where PUMICH is uplink reference signal for UL based mobility in RRC_INACTIVE.

Observation: UL reference signal for RRC_INACTIVE can be designed to support large number of UEs per zone (270k-420k) for UL based mobility

5 Conclusion
According to the above analysis and discussion, we propose:
Proposal 1: Agree on the principles for the UL based mobility.
· UL-based mobility would handle at least mobility within a network region, which comprises timing-synchronized TRPs.

· FFS exact definition of the region
· The network may control the UE to perform, or not to perform, any DL measurement

· DL RS could be switched on/off based on whether there are UEs that need them (pending RAN1 approval of course)

· The UE maintains downlink sync as usual; uplink sync is assumed within some tolerance.

· The same cell assumptions apply as for DL-based mobility
· The UE transmits an uplink reference signal (UL RS)

· e.g. based on some signature given by the system information in RRC_INACTIVE state.

· UL reference signal includes a UE-ID, which allows the network to identify the UE at least within the region in RRC_INACTIVE state.

· The network measures the UL RSs at various TRPs and determines which TRP(s) best serve the UE

· FFS if an ACK for the UL RS transmission would be required in RRC_INACTIVE.

· The UE may receive some downlink control information, e.g. to update its configuration, wakeup signal – 

· The UE can receive paging on its regular POs in RRC_INACTIVE.

· FFS: How UE performs SI acquisition

Observation: UL reference signal for RRC_INACTIVE can be designed to support large number of UEs per zone (270k-420k) for UL based mobility
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