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1. Introduction
At RAN2#93bis meeting, the first RAN2 sessions on 5G NR started in the framework of the newly approved 5G SID [1]. The intra-RAT mobility topic was briefly touched upon and different levels of mobility were discussed at high level. It also became clear that the concept of cell needed to be clarified in NR. In [2] we propose a definition for the NR cell that we leverage in this contribution to further discuss intra-RAT mobility.

2. Discussion
2.1. Mobility KPIs
Intra-RAT mobility KPIs are given in [1] as:

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].
Since this KPI is very much related to latency, we suggest in our KPI analysis [3] that it is mainly driven by the URLLC use case. However, it is a clear expectation that the NR architecture should allow meeting the above KPI in most scenarios.
7.18
Mobility
Mobility means the maximum user speed at which a defined QoS can be achieved (in km/h).
The target for mobility should be 500km/h.
This KPI mainly impacts RAN1 design.

Another important KPI for IDLE mode mobility is to minimize the energy consumption to extend the battery life. Although battery life and energy efficiency KPIs are only given in [4] for mMTC UEs (which mobility might not be too important) and connected mode respectively, it is obvious that it should be a generic requirement. 
And finally from [5]:

5.3
Key Issue 3: Mobility framework
5.3.1
Description 

…

Solutions for this key issue will at least study:


…

- Methods to limit the amount of mobility management signalling between NexGen core and the access, within the NexGen core as well as between the NexGen core and the UE;

We give in the following our view on how leveraging the NR cell definition in [2] can help meeting these KPIs.
2.2. Intra-RAT mobility analysis

In this analysis, we distinguish between IDLE mode mobility and CONNECTED mode mobility. In [6], we also suggest introducing a new UE state, INACTIVE, but at this stage the new state mobility can be discussed after RAN2 has concluded to introduce a third state.
The NR cell definition in [2] can be summarized as: An NR cell is a network-configured cell, which includes the coverage of a set of DUs referred to as “Cell DU set”, and where a DU is mapped onto one TRP, which can implement multiple beams. As a result, we now further distinguish two levels of intra-RAT mobility:

· Intra-cell mobility (inter-TRP/beams
)
· Inter-cell mobility, including two sub-cases, intra-CU and inter-CU mobility. 
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Figure-1 intra-RAT mobility
Proposal 1: Intra-RAT mobility should consider two levels of mobility: intra-cell (inter-TRP/beams) and inter-cell mobility.
Other assumptions in [2] pertinent to the mobility analysis:

· UE C-plane interface to CN is through CU hosting the UE cell

· U-plane interface to CN is preferably through CU hosting the UE cell (some latency-critical services may require direct connection to DU)
2.2.1 IDLE mode mobility
· Prerequisites
· As proposed in [2], network configures TRP/beam specific RSs and their mapping onto a Cell ID, explicitly or implicitly (RAN1 design).

· Network also configures a tracking area as a set of cells.

· At initial access, the network configures the UE with TRP/beam-RS to Cell ID mapping for all cells in the tracking area. UE could also be made aware of the TRPs/beams RSs of the immediate neighbor cells of neighbor TAs, to allow reducing the RS search space.
· The tracking area can be UE-specific.

· Procedure
In IDLE mode, UE periodically monitors the surrounding TRP/beam RSs to (re)select which TRP/beam to camp on. This is according to IDLE mode DRX pattern, i.e. paging DRX pattern. For each new TRP/beam reselection, UE checks whether this TRP/beam RS belongs to the RS set mapped onto the current Cell ID.

· If yes (intra-cell mobility), then the UE goes back to sleep.

· If not, this is inter-cell mobility and UE acquires the Primary SI [8] broadcasted by the new TRP/beam.
· If the TRP/beam-RS is not associated with any cell of the current tracking area

· UE acquires the new TRP/beam RS set to Cell ID mapping for that tracking area and performs TAU to the network. Then it goes back to sleep.

· Otherwise, UE goes back to sleep.

The above procedure addresses the requirement of energy optimization and minimizing signalization in IDLE mode as:
· UE only needs to monitor/track network-configured TRP/beam RSs;
· When moving within a cell UE does not need to (re)-acquire SI;
· UE only needs to inform the network of tracking area change (TAU).
The further optimization with respect to legacy LTE procedure is the possibility for the network to configure tracking areas on a per UE basis, thus leaving the possibility to better match UE specifics e.g. speed, on-going services, etc…  

Proposal 2: Based on TRP/beam measurements, IDLE UE judges the intra-cell/inter-cell mobility according to the configured mapping between Cell and TRPs/beams.
· Paging and TAU

TAU may remain at RAN level as long as IDLE mode UE mobility does not trigger CU change. This allows further minimizing traffic in CN. Paging will go to the CU which will forward the paging message to the TRPs belonging to the last RAN-level tracking area updated by the UE. CN-level tracking area should have CU granularity.  
Proposal 3: two tracking area levels are defined from network perspective in NR: RAN-level tracking area with cell granularity and CN level tracking area with CU granularity.

2.2.2 CONNECTED mode mobility
In CONNECTED mode, UE is not aware of physical TRP/beam. When UE receives data it is told dynamically to use a specific RS to acquire the timing/frequency synchronization information. RRC establishes the multiple connections accordingly in the first place. Therefore UE mobility across TRPs/beams controlled by the same CU is network-driven and transparent to the UE (not regarded as handover). Regardless of the fronthaul type, CU will make available data at multiple TRP/beams (multi-connectivity) to guaranty seamless data distribution as UE moves across TRP/beams. This approach maximizes chances to meet the 0ms interruption time KPI most of the time. For cells controlled by the same CU, the difference between intra and inter-cell mobility is at the minimum the different SI set (cell system parameters). Further difference may depend on whether inter-cell mobility will trigger key refresh/L2 reestablishment as in legacy LTE, which is FFS. As a result, if we want to keep at inter-cell level the same high performance mobility that we have for intra-cell, then inter-cell mobility may require a new security design in SA3.
Proposal 4: Intra-cell CONNECTED mode mobility is transparent to the UE.

Observation: Intra-CU inter-cell CONNECTED mode mobility could have the same performance as intra-cell mobility if the security procedures would be relaxed with respect to legacy procedure.

Note that inter-cell mobility will sometimes lead to CU change. This will trigger inter CU exchanges e.g. UE local context transfer and possibly moving C/U-plane termination to the new CU (FFS). In this case, we will need a conventional handover-like procedure.  It results that CONNECTED mode mobility can remain transparent to CN as long as UE remains served by the same CU.
Proposal 5: CONNECTED mode mobility could remain transparent to CN as long as UE remains served by the same CU
3. Conclusion

In this contribution, we leverage the cell definition proposed in [2] to analyze how it can help meeting the mobility-related NR KPIs. We analyze UE mobility for both IDLE mode and CONNECTED mode considering both intra and inter-cell with intra and inter CU cases. We conclude with the following proposals:

Proposal 1: Intra-RAT mobility should consider two levels of mobility: intra-cell (inter-TRP/beams) and inter-cell mobility.

Proposal 2: Based on TRP/beam measurements, IDLE UE judges the intra-cell/inter-cell mobility according to the configured mapping between Cell and TRPs/beams.

Proposal 3: two tracking area levels are defined from network perspective in NR: RAN-level tracking area with cell granularity and CN level tracking area with CU granularity.

Proposal 4: Intra-cell CONNECTED mode mobility is transparent to the UE.

Proposal 5: CONNECTED mode mobility could remain transparent to CN as long as UE remains served by the same CU.
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� Beam-level mobility was introduced in � REF _Ref450831689 \r \h ��[� REF _Ref450831689 \r \h ��[7]�]� as a new mobility level to be studied in NR. However, it will reduce to TRP-level when beam-forming is not implemented such as e.g. in low frequency bands. As a result, we use TRP/beam terminology in this contribution when referring to the lowest mobility level.
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