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1	Introduction
The following was agreed in RAN2#94:
Agreements
Two levels of network controlled mobility:
1: RRC driven at 'cell' level.
2: Zero/Minimum RRC involvement (e.g. at MAC /PHY) 
FFS what is the definition of a cell

In this contribution we discuss why needs cells as all other cellular systems. 
2	Discussion
2.1	Mobility aspects
To illustrate the discussion, figure 1 below depicts an example of a network deployment with multiple beams per network entity and two mobility levels. In this example the network entity, a cell is covered by using multiple beams and mobility under the coverage of beams of a same cell is considered to have no or minimum RRC involvement and inter cell mobility when moving between cells. 


Figure 1. Example network deployment depicting two levels of mobility
Further, to be able to differentiate between two levels of mobility levels (as agreed in RAN2#94) and their respective events there needs be a way to identify which beams are transmitted by which cell by an UE to be able perform correct mobility related actions. For example the beam level mobility (beam management) which involves minimum/none amount of RRC signalling differs from the RRC level or cell level mobility in terms UE side actions such as reporting triggers, reporting formats and reporting entity. 
NOTE:	In [1] we discuss the need for beam management in NR which requires UE to be able to identify different beams (and report them to the serving cell) so that the connectivity between network and UE can be maintained. Network has to know which beams to use to be able communicate with UE. 
If we consider a system without linking specific beam identifiers (some identifiers, in this case beam IDs, are still needed for network and UE to be able to maintain connectivity and perform mobility related action) to any specific higher level entity such as cell, a UE would only see different beams which are identified e.g. by using different orthogonal sequences. As there is a limited amount of orthogonal sequences available, the ID space must be reused at some point. And by doing so, the ID space needs to be linked to an identifier, which could be called anything but it is natural to call it cell identifier.
Observation 1: A cell may be covered by multiple beams and a logical beam ID only needs to be unique within a cell.
In idle mode, a UE camps on acceptable/suitable cells. Without cells, it is not clear how camping would work and what would replace cell search. In connected mode, the physical boundaries between network elements placed at different locations requires the network to identify when to trigger the resetting of protocol layers. Without cells to measure and to report, it is unclear how mobility requiring RRC actions could be managed. 
NOTE: 	although cloud implementation blurs the physical boundaries of network elements, mobility events will always trigger the reset of lower layers and therefore require RRC to be involved.
Observation 2: A cell needs to be identified for mobility purposes in both idle and connected, and a measurement configuration/reporting needs to be linked to an identifier to carry meaningful information. 
Observation 3: To be able to differentiate between two levels of mobility actions (intra-cell and inter-cell) the different beams need to be able to be identified and linked to the a network entity; a cell
2.2	Hierarchy and Cell Search
A cell may be covered by tens or even hundreds of beams. Furthermore in a dense network UE may be under coverage of multiple of such cells. As discussed in the previous section beams need to be identified for communication, connectivity and mobility purposes. To reduce the complexity of detecting potentially hundreds of beams at least some level of hierarchy would need to be introduced to the system. As an example, UE would first search cell from limited set of identifiers (as in LTE), then expand the search to beam level; beams are linked to a cell which provides UE some a priori information to search beams. It should be noted that from UE complexity point of view, it would be desirable that the cell search is transparent to whether the cell operates using single-beam or multi-beam approach. This hierarchy can also be used, e.g., in measurement reporting to keep the reports overhead in sufficient level.
Observation 4: Cell is identified by an identifier which can be linked to a beams (identifiers) covering the cell, which provides hierarchy to the cell/beam search/measurements which reduces the UE complexity and potentially overhead in measurement reporting.
2.3	On UE identifier
Although RAN2 has not progressed yet to discuss about specific UE identifiers in NR, it can be assumed that at least some of the RAN level identifiers similar to LTE would be present in NR system. As an example, C-RNTIs are used to uniquely identify RRC connected UE at cell level by the network. The cell level identifiers are much shorter than higher level UE Identifiers due to their nature as temporary ones but also due to security reasons (full UE identity is not intended to be transmitted over the air frequently) and signalling overhead (long identifiers increase signalling load). As the cell level identifiers are shorter it also means that the identifier space is limited, thus the space needs to be reused. 
Observation 5: RAN needs to be able uniquely identify and address a specific UE in a specific geographical area. The available identifier space is limited to be able to keep the signalling load in a decent level and thus reuse is needed.
2.4	UE specific resource configurations
The configuration of dedicated resources to the UE (like SRS, SR, SPS, etc.) cannot be made at beam level as it would require too frequent changes. Conversely, those resources cannot be reserved throughout the entire network. Therefore, the configuration of dedicated resources need to be locally unique, one level above beams: the cell level. This would also enable common configuration messages to be used for cells operating using single-beam or multi-beam approach.
Observation 6: The configuration of dedicated resources require the concept of cells. 
2.5	System information distribution
In LTE, the system information is considered by the UE to be valid within a cell. If we applied the same principle to beams, either it would be a burden for the UE to acquire new system information at every beam change occasion or it would be a burden for the network to signal which part of the system information may be considered valid by the UE among multiple beams (therefore increasing overhead). Especially, the former case applies in IDLE/Inactive modes where the UE should not be required to acquire system information frequently (ie., after every beam change) to allow maximum energy saving; rather it should just be able to check from physical layer signals the cell it’s residing and potentially listen to paging occasion. As stated above, also in this case the same principles should apply from the UE point of view whether the cell is operating single-beam or multi-beam approach.
Observation 7: System information distribution require the concept of cells to achieve trade-off between signalling load and UE power consumption.
3	Conclusion
This contribution has made several observations:
Observation 1: A cell may be covered by multiple beams 
Observation 2: A cell needs to be identified for mobility purposes: a measurement configuration/reporting needs to be linked to an identifier to carry meaningful information. 
Observation 3: To be able to differentiate between two levels of mobility actions (intra-cell and inter-cell) the different beams need to be able to be identified and linked to the a network entity; a cell
Observation 4: Cell is identified by an identifier which can be linked to a beams (identifiers) covering the cell, provides hierarchy to the beam search/measurements which potentially reduces the UE complexity 
Observation 5: RAN needs to be able uniquely identify and address a specific UE in a specific geographical area. The available identifier space is limited reuse is needed.
Observation 6: The configuration of dedicated resources require the concept of cells. 
Observation 7: System information distribution require the concept of cells to achieve trade-off between signalling load and UE power consumption.
Based on these observations we propose the following:
Proposal 1: A cell is defined by the presence of a Cell Identifier (CI) and beam(s) covering the same cell can linked to the same Cell Identifier.
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