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1 Introduction

During RAN2#93bis, RAN2 discussed a two level mobility approach and potential introduction of the cell concept based on [1]. Although majority of companies seemed to agree on a two level mobility approach, it was not possible to come to any agreement probably due to terminology misunderstandings.
In another contribution to RAN2#94[2], we proposed several 5G mobility related requirements. Based on these identified requirements, this contribution will try to motivate the introduction of the “cell concept” in 5G.
2 Cell in 5G
In [2] we identified the following potential requirements for 5G mobility handling:

Proposed Requirement 1: 
5G mobility shall support deployments with large eNB’s (i.e. eNB’s handling a large coverage area), small eNBs (i.e. eNB’s handling a small coverage area) and a mix of small and large eNB’s.

Proposed Requirement 2: 
As baseline, 5G shall support a state with network controlled mobility handling (“CONNECTED”)  and a state with UE controlled mobility (“IDLE”). Further mobility states/substates can still be discussed.
Proposed Requirement 3: 
For typical 5G inter-eNB CONNECTED STATE mobility, the network will not have to configure detailed measurement resources/resource restrictions (e.g. whitelist, blacklist, reference signal configurations,….) for the UE to measure.  I.e. in the typical operator deployment case, the UE only needs to be configured with the carrier frequency to measure on.

Proposed Requirement 4: 
It should be possible in IDLE STATE to avoid inter-eNB mobility if not really necessary (i.e. small TRP quality difference), i.e. favour intra-eNB mobility instead of inter-eNB mobility.

In LTE, all these requirements are realised by using the “cell concept”:

Proposed requirement 1:

· One eNB can consist of one or more cells, with cells having a large or a small coverage area.

Proposed requirement 2:

· In CONNECTED state, the network controls mobility between cells based on handover

· In IDLE, the UE performs cell reselection autonomously
Proposed requirement 3:

· Network typically only has to configure the frequency the UE has to measure. The UE will be able to detect the strongest cells on this frequency (based on PCI in PSS/SSS) and report their quality to the network.

Proposed requirement 4:

· Network can configure Qhyst as a means to limit inter-cell reselection. 

Facilitating mobility handling is one of the main achievements of the LTE cell concept. We see no reason to deviate from this approach in 5G. 
It is true that the LTE cell concept is also used for a number of other aspects (same System information provided by all TRP’s in a cell, C-RNTI valid in whole cell,  cell id used as id in context retrieval…..). We can agree that RAN2 may have to discuss separately up to what extend the 4G cell concept is re-used for all these aspects in 5G. However we think this should not block RAN2 in agreeing the introduction of a cell concept for 5G for the purpose of mobility handling.

Therefore the following proposal:

Proposal 1:
Introduce the concept of a “cell” in 5G at least for mobility handling purposes.

Proposal 1.1:
When configuring neighbour cell measurements in CONNECTED for a certain frequency,  without being configured with specific resources to receive/measure, the UE will autonomously be able to detect neighbour cells and determine their signal quality. 
Proposal 1.2:
In CONNECTED, the network handles inter-cell mobility with RRC signalling.
Proposal 1.3:
In IDLE, the network is able to have the UE prefer to stay camped on the current cell if the quality difference with a neighbour cell is small i.e. prefer intra-cell mobility rather than inter-cell mobility. 

Proposal 2:
Whether the 4G cell concept is re-used in 5G for other purposes than mobility handling (e.g. context retrieval, C-RNTI validity, SI consistency, …), requires further discussion.
Note that the standard should not  restrict the mapping of one eNB to only one cell. I.e. the identities broadcast on the radio are decoupled from the network architecture. So if, for whatever reason, an operator wants to deploy an eNB with multiple cells that should be no problem.
3  Two-level mobility handling
3.1 General
If RAN2 can agree the introduction of the cell concept in 5G, it should be relatively easy to formulate the agreement that RAN2 almost agreed in RAN2#93bis, i.e. having 2 levels of mobility handling.
Proposal 3:
In 5G we will continue to handle mobility at 2 levels like in LTE: i.e. beam level management and cell level mobility:
· Cell level mobility is handled by RRC 

· Beam level management is handled at lower layers (below RRC). 

Note that this does not mean that RRC cannot be involved in configuring beam level  measurements /beam level measurement reporting e.g. at cell entry. However RRC will e.g. not be involved in every beam change.

3.2 Detailed considerations

Although we propose to keep the same 2-levels as present in LTE, still some of the details need to be further examined due changing characteristics of beams/cells in 5G:

· Smaller beam coverage

Beam coverage in higher carrier frequencies could be much smaller than in carrier frequencies so far used for LTE. Even when the user is only turning is head or changing the direction of his phone, switching of the used beams (i.e. switching TRP/beam direction) might be necessary. As a result, beam switching might happen much more often than in LTE.

· Larger cell capacity/coverage area
As explained above, due to technologies like multi-TRP usage, fronthauling, C-RAN, NFV,.. the cell capacity and coverage area may become significantly larger. In addition different TRP’s in one cell may have different capabilities (e.g. antenna configuration).

In LTE at intra-cell mobility, RRC will still quite frequently have to reconfigure L1 beam measurements / L1 beam reporting configuration when different TRP’s are to be considered (ZP resources, NZP resources, Quasi Colocation,…). We think this type of frequent RRC reconfigurations should be avoided for 5G given the smaller beam coverage area and the more frequent beam switching. This because RRC reconfigurations are costly from overhead point of view and are also relatively slow. Note also that when considering 5G+4G aggregation, 5G-RRC signalling may load the 4G radio interface.

Note that we do realise that there may be a trade-off between RRC signalling overhead and UE L1 measurement: i.e. by reducing the number of RRC reconfigurations, the UE may have to consider more options for measurements e.g. w.r.t. RS locations. It may be required to find a good balance between these two aspects. 
Proposal 4:
RAN2 should request RAN1 to limit/remove the need for RRC reconfigurations for intra-cell beam level management where possible.
4 Conclusion

RAN2 is requested to discuss and if possible agree on the following proposed mobility requirements for 5G:
Proposal 1:
Introduce the concept of a “cell” in 5G at least for mobility handling purposes.

Proposal 1.1:
When configuring neighbour cell measurements in CONNECTED for a certain frequency,  without being configured with specific resources to receive/measure, the UE will autonomously be able to detect neighbour cells and determine their signal quality. 
Proposal 1.2:
In CONNECTED, the network can handle inter-cell mobility with RRC signalling (“handover”).
Proposal 1.3:
In IDLE, the network is able to have the UE prefer to stay camped on the current cell if the quality difference with a neighbour cell is small i.e. prefer intra-cell mobility rather than inter-cell mobility. 

Proposal 2:
Whether the 4G cell concept is re-used in 5G for other purposes than mobility handling (e.g. context retrieval, C-RNTI validity, SI consistency, …), requires further discussion.

Proposal 3:
In 5G we will continue to handle mobility at 2 levels like in LTE: i.e. beam level management and cell level mobility:

· Cell level mobility is handled by RRC 

· Beam level management is handled at lower layers (below RRC). 

Proposal 4:
RAN2 should request RAN1 to limit/remove the need for RRC reconfigurations for intra-cell beam level management where possible.
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