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1 Introduction

During the 5G workshop in Phoenix in 2014, several companies hinted at the prospects of getting rid of the cell concept for 5G. This is quite a remarkable proposal considering that we are in the cellular industry (.

In this contribution we take a more detailed look at how mobility could be handled in 5G and whether it would makes sense to keep or remove the cell concept. A mobility related text proposal for the TR is provided in Annex A.

2 Rationale
2.1 Current situation


It is true that the cell concept has evolved a lot in recent decades as is reflected in figure 1.
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Figure 1: Evolution of Cell Concept

Figure 1 shows that the cell concept is not static but has evolved. I.e. coming from having only 1 transmitter covering the whole coverage area of a cell, LTE Rel-11 supports cells consisting of many Transmission Reception Point (TRP’s), where the transmissions of the TRPs can be further directed to a specific UE (beams), i.e. transmissions from one TRP do not all have to have the same coverage area. 

Which TRP to use for a certain UE is determined by L1 based on UE feedback related to CSI-RS resources provided by theTRP’s. Although RRC is still involved in informing the UE about CSI-RS configurations and UE feedback configurations, RRC is not directly involved in the switching from one TRP to another TRP in subsequent TTI’s. 
Similarly, RRC is also not involved in determining the direction of the beam used towards a UE. I.e. again this beam precoding is determined based on L1 feedback from the UE and although RRC is involved in the configuration of the feedback reporting, it is not involved when the beam direction for a specific UE is changed based on L1 feedback.

The selection of what TRP to use for a certain UE and how to direct the transmission towards that UE is a way of handling UE mobility. I.e. without changing cell, still the network has to make significant decisions on how to best handle the UE on UE mobilty. We call this “beam level management” in this contribution.
Observation 1:  In LTE, UE mobility is handled on two levels:
A) Cell level mobility 

a. Cell selection/reselection in IDLE, handover in CONN

b. Handled by RRC in CONN state

B) Beam level management 

a. L1 handles appropriate selection of the TRP to use for a UE and the optimal beam direction
2.2 Beam level management in 5G

5G systems are expected to rely (even) more on beam forming for two reasons as shown in figure 2:
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Figure 2: Use of beam level management in 5G
Furthermore, 5G systems are expected to also rely more heavily on “beam based mobility” to handle UE mobility, in addition to regular handover based UE mobility. I.e. technologies like MIMO, fronthauling, C-RAN and NFV will allow the coverage area controlled by one “5G Node” to grow, thus increasing the possibilities for beam level management and reducing the need for cell level mobility. E.g. all mobility within the coverage area of one 5G node could in theory be handled based on beam level management, which would leave handovers only to be used for mobility to the coverage area of another 5G Node as shown in figure 3:
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Figure 3: One 5G Cell ?
2.3 Cell level mobility in 5G ?

Although the coverage area controlled by one central entity in the network may grow, we see no real reason why the same 2 mobility levels as identified for 4G would not be required for 5G. E.g. there will always be boundaries to an area that is controlled by one 5G Node which will require a UE context move in the network. At least for these cases RRC based handover seems an appropriate mechanism. 

The UE will probably need to be to recognise signal transmissions from the same Cell in IDLE in order to determine when to perform cell reselection or in CONN when to trigger a measurement event report on cell quality (which could result e.g. in an inter-eNB handover). 

Different deployments will rely more on one or the other mechanism e.g:

· Optimised macro deployments may use beam level management in large areas
· HeNB/high speed cell/pico with low rate “S1” may more frequently rely on cell level mobility
As a result, we think we should keep the principle of 2-level mobility handling for 5G, i.e. cell level mobility and beam level management.

Proposal 1:
In 5G we will continue to handle mobility at 2 levels: i.e. beam level management and cell level mobility.
2.4 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.
Proposal 2:
RAN2 should request RAN1 to limit/remove the need for RRC reconfigurations for intra-cell beam level management.
Due to the larger cell coverage area and larger cell capacity that may become possible in 5G, we may have to reconsider some of the functionalities that assumed the cell size/capacity was not that big. One could think of e.g. cell id reporting for SON localisation, restrictions that the same radio common configuration had to be provided in the whole cell (i.e. one MIB/SIB1/SIB2 contents in a cell), or increase of the number of UE’s that can be handled by a cell (e.g. C-RNTI size). This type of aspect will require further study.

Proposal 3:
It is proposed for RAN2 to further examine what functionality might have to be changed if cell sizes increase with 5G.
3 Conclusion

RAN2 is requested to discuss and if possible agree on the following proposals:
Proposal 1:
In 5G we will continue to handle mobility at 2 levels: i.e. beam level management and cell level mobility.
Proposal 2:
RAN2 should request RAN1 to limit/remove the need for RRC reconfigurations for intra-cell beam mobility.
Proposal 3:
It is proposed for RAN2 to further examine what functionality might have to be changed if cell sizes increase with 5G.
A text proposal for the TR in relation to proposal 1 is provided in Annex A.  If proposal 2 can be agreed, Samsung is happy to provide an outgoing LS to RAN1.
Annex A: Text proposal for TR

7. Mobility
7.1. Overview


In a 5G network, many Transmission Reception Points (TRP’s) can be deployed in the coverage area of one cell for performing transmissions to/receptions from UE’s. In case of intra-cell mobility it will have to be determined what TRP(s) can best handle the UE and how to direct the transmission/reception beams from these TRP(s) to the UE in an optimal way. In case of inter-cell mobility, it will have to be determined what cell(s) can best handle the UE.  
To address this intra-5G mobility, two mobility levels will be supported: 
1) Cell level mobility
2) Beam level management
7.2. Cell level mobility
For handling cell level mobility, mechanisms shall be available for determining the best cell(s) to handle the UE:

· In CONN, RRC will be used to execute handovers for inter-cell mobility.
· …
7.3. Beam level management
For handling beam level management, mechanism shall be available for determining the best TRP(s) / TRP beam direction to handle the UE.
· In CONN, the need for RRC reconfigurations for beam level management shall be avoided. 
· ….
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