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1
Introduction
During the last 3GPP RAN1#71meeting in the HetNet agenda item mobility has been one of the discussed topics [2]. In this contribution we would like to elaborate more on this topic by showing potential problems in HetNet environment connected to mobility and discuss potential solutions. 
2
HetNet environment 
The introduction of intra-frequency Low Power Nodes (LPNs) in existing macro networks will considerably increase the number of small cells and cell borders (between LPNs and/or LPN and macro cells) a UE will cross while moving in a HetNet environment. This has been shown in an exemplary HetNet scenario in Figure 1, below: 
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Figure 1, An exemplary Macro only scenario (on the left hand side of the picture) showing a UE crossing a macro cell (a) and an exemplary HetNet scenario (on the right hand side of the picture) crossing the same macro cell with several Low Power Nodes (Pico cells) deployed in that macro cell (b).
In Figure 1 in section a) (left hand side) a UE is moving within a Macro cell. This movement will not trigger any particular actions in terms of mobility. However, if within the same macro cell some low power nodes (e.g. pico cells) will be deployed (as shown in section b) on the right hand side of Figure 1) it will mean that the same UE movement may trigger several mobility related procedure dependent on the RRC state the UE has been configured with. 
Since the number of potential LPNs to be deployed can potentially be very high it can eventually grow greater than the number of macro cells within a certain area. Because of that the number of HOs and cell reselections can become very large too, causing an additional signalling load burden. We think it is important that this issue is recognized and any potential ways to overcome it are studied. 
Proposal 1: Recognize the increased signalling load in HetNet environment due to higher number of cell borders UE will cross.
3
UE movement in HetNet for various RRC states
Dependent on the RRC state the UE has been configured with, mobility and related signalling in HetNet environment will look differently. Several factors like, e.g. UE speed or multiflow capabilities can influence the way a UE’s mobility shall be treated by the network. 
3.1
RRC Idle mode

In Idle mode a moving terminal upon crossing cell borders will perform reselections by itself. Hence in HetNet environment compared to a homogenous macro network there may be more reselection performed by the terminal. We think that those, may not cause a high burden to the network apart from potentially more frequent Location Area Update messages subject to network settings. 
3.2
Non DCH Connected mode
A UE moving between cells in CELL_FACH or CELL_PCH state will trigger cell update procedure while reselecting to a new cell to inform the network about its current location. The majority of HetNet users are expected to be smart-phones, tablets and/or other devices with “always-on” attitude, broadcasting “keep-alive” messages on a regular basis Those UE will mostly be configured in RRC CELL_FACH, Cell_PCH or URA_PCH state, which is enough to maintain their “always-on” impression while saving battery life at the same time. In HetNet environment this will mean a much large number of cell update messages compared to a macro only RAN at least for Cell_FACH and Cell_PCH states. This has been shown in Figure 2 below in an exemplary situation showing a macro only and a HetNet environment for a UE moving in CELL_FACH RRC, but the figure would look the same also for Cell_PCH state. 
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Figure 2, showing an exemplary HetNet environment (lower part of the picture) with a UE in CELL_FACH state moving through LPNs (Pico cells). This movement will cause a CELL_UPDATE procedure every time the UE will move to a new cell. The same movement will not cause CELL_UPDATE messages if in Macro only environment (upper part of the picture)
The expansion of HetNets may lead to the situation that Low Power Node (LPN) cells will be clustered together to supply capacity need in places like sport-arenas, shopping malls, airports, down-town areas etc. Network operators can expect low UE mobility in those places which however will be causing high number of CELL_UPDATEs due to limited coverage of a LPN. However, the UE despite those many potential CELL_UDPATEs may stay in the same cluster and as a result ideally the high number of message could have been in fact avoided. Exemplary pico clusters in a shopping mall or in on office building have been shown in the Figure 3, below: 
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Figure 3, Showing an exemplary shopping mall and office building covered by pico cells clusters forming FACH Registration Areas

In order to minimize the number of CELL_UPDATE messages the network can configure the UEs in PCH states aggressively to URA_PCH RRC state, where UEs have to notify the network about its whereabouts only after crossing URAs (UMTS Registration Areas) consisting of several macro cells (network configuration dependent)..
However, there are indiciations whishing to keep UE longer in CELL_FACH state.
A possible way forward to minimize the number of cell update messages for UEs in Cell_FACH state could be to investigate the mofification of FACH state in a similar way to the URA_PCH state, enabling the UE to stay in CELL_FACH state but send RRC CELL_UPDATE messages only while crossing URAs or registration areas similar to URA. Those “FACH registration areas” FRAs could consist of a certain number of LPN under a given macro cell. The UE could perform a CELL_UPDATE procedure only while crossing e.g. to a new macro cell or generally speaking outside that given FRA. It would however not send a CELL_UDPATE message while moving inside that cluster between LPNs. Such a cluster is of course something that the operator would have freedom to configure to suite best the network structure, configuration, load, etc. 
Implementing a FRA would mean that the UE would send a CELL_UPDATE message only if moving to a new FRA, and/or leaving the current LPN cluster and/or moving to a new macro cell etc. 
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Figure 4, showing how a UE in CELL_FACH state performs a CELL_UPDATE only upon crossing FACH Registration Areas, and not while crossing pico cell boundaries belonging to one FRA
We believe this solution would considerable limit the number of CELL_UPDATE messages of Cell_FACH to be sent from UEs while moving in a HetNet environment, which would enable Mobile Network Operators to keep the amount of signaling at a reasonable level. 
Proposal 2: Consider the introduction of LPNs clustering and triggering CELL_UDPATE messages only once UEs would leave such a cluster with no CU messages sent while UE moving inside it.
Once LPNs could be grouped in clusters to limit the number of signalling messages, further improvements could be applied. One area which could be looked into is how the network can assign temporary identifiers (like H-RNTI and E-RNTI) for dealing with data transmission in UL and DL direction in CELL_FACH state.
3.3
CELL_DCH state
In case of RRC Connected CELL_DCH state the UE will be handed over between cells based on UE measurement reports provided to the network. Again, for a HetNet environment with several LPNs deployed within a macro cell the number of handovers compared to a homogenous macro only network may be signifantly higher. This effect may cause additional signaling load to the network. One potential solution may be such a network configuration where UEs are provided in the Neighbour Cell List (NCL) only certain cells while others are omitted. As a result the RNC which controls which cells shall be a UEs serving cell will obtain measurement results only from a specified set of cells. This however requires careful study and configuration in order not to create situations where UEs experience coverage holes due to cells not being accessible (since not present in the NCL) but creating strong interferences. 
4
Conclusion
In this paper we have discussed potential problems in HetNet environment connected to UE’s mobility. In oder to address them we have made the following proposals: 
Proposal 1: Recognize the increased signalling load in HetNet environment due to higher number of cell borders UE will cross.
Proposal 2: Consider the introduction of LPNs clustering and triggering CELL_UDPATE messages only once UEs would leave such a cluster with no CU messages sent while UE moving inside it.
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