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1 Introduction

In RAN2#81bis meeting the mobility issues were discussed. This contribution analyses different mobility issues for co-channel deployment in heterogeneous networks [1]. 

2 Mobility Issues of LPN deployment 
2.1 Primary scrambling code confusion
In heterogeneous networks, depending on the LPN deployment density, PSC’s might more often need to be reused in certain cases. 

There could be two types of “PSC confusion” in heterogeneous networks:
1. The network (NW) has two entries mapped to a given PSC according to its known neighbor relations (NR).
2. The NW does not find a particular PSC according to NW’s known NR (in other words, Cell Identity unknown). This is a rare case but may still happen in a NW.
For the first case the network needs to ensure efficient reuse of PSCs for LPNs, where at least LPNs inside the same macro cell coverage have different PSCs, so that LPNs sharing the same PSC are well isolated from each other.

In case of the PSC allocation for dense LPNs deployments it will be difficult to ensure good isolation among cells. Consequently a proper cell planning is needed to ensure efficient re-use of PSCs for LPNs.
Conclusion 1: LPNs within the cell coverage of a Macro should preferably have different PSCs. If that is not possible, LPNs with the same PSC must at least be well isolated from each other.

In deployments in which some LPNs share the same PSC, there may be a PSC confusion i.e. the RNC may not know in which of these cells the UE is targeting. The “PSC confusion” could be avoided if the UE reports the cell identity together with the PSC in the measurement report message. To report the cell identity, the UE needs to acquire SIB3, where SIB reading may take several hundreds of milliseconds, and to ensure a minimum delay, the network may need to schedule SIB3 every 80 ms. Moreover, the UE battery is impacted if the UE is required to read the SIB of any cell which the UE detects [2].
Conclusion 2: Cell ID reporting can resolve PSC confusion, however further investigation is needed due to NW delays and UE battery consumption. 
For case 2, the network can configure ANR to reduce the probability of the PSC confusion, where the UE reports PSCs which are not included in the neighbour cell list (NCL) for inter and intra frequency. But this is done on a best effort basis when the UE is in idle mode, CELL_PCH or URA_PCH and CELL_FACH with 2nd DRX states [3]. 
Conclusion 3: ANR reporting could help to resolve PSC confusion problem (the Cell identity unknown by RNC).
2.2 Neighbour cell list size limitation

With the introduction of heterogeneous network, the NCL may need to be extended to ensure that the LPNs can be included in the NCL. The LPNs that need to be included in the NCL, i.e. monitored set cells, are assumed to be those within the coverage area of the Macro cell. 
In case of a dense LPN deployment, the current NCL may need to be extended considerably in Rel-12 to fit all the LPNs, but even if the NCL is extended, the current RAN4 measurements requirements to identify new cells and monitor existing cells should be kept unchanged.   
Conclusion 4: The NCL could be extended in Rel-12 with keeping the current RAN4 measurements requirements unchanged. 
3 UE speed based mobility in Heterogeneous Networks  

According to simulation result in [4] the ESCC procedure can guarantee a robust HO performance, and could be applied as a baseline feature. However, it is still difficult to avoid the HO delay completely at higher speed where at higher speed fulfilling the HO delay target becomes more challenging when UE moves through the area covered by LPN cells. 

One general rule could be to keep the UE on Macro and not to handover it to LPN if the UE moves above a certain speed. Hence, Mobility State Estimation (MSE) information would be useful so that the network can configure measurements with suitable parameters like Time To Trigger (TTT).
In CELL_DCH state there are no rules defined on how to detect the UE mobility, since the network is assumed to be capable of performing a good mobility state detection in terms of triggered HO frequencies in a given period. Such assumptions are valid in the scenarios with Macro cell only deployment. With the deployment of the LPNs, it will become more difficult to perform an accurate detection of the mobility state in CELL_DCH based only on the number of triggered HOs since the cells that UE is passing may have very different sizes.   

Since a network based scheme can perform better detection by considering the cell size, and the UE measurement results, then a network based detection scheme is more preferred than a UE based scheme. It is also easier to guarantee the compatibility for legacy UEs.
Conclusion 5: The NW estimates the mobility state of the UE in CELL_DCH using the cell size and other available information, and takes actions for LPNs when high mobility is detected.
4.  Conclusion

RAN2 is kindly asked to discuss and agree on the following conclusions:
Conclusion 1: LPNs within the cell coverage of a Macro should preferably have different PSCs. If that is not possible, LPNs with the same PSC must at least be well isolated from each other.

Conclusion 2: Cell ID reporting can resolve PSC confusion, however further investigation is needed due to NW delays and UE battery consumption. 

Conclusion 3: ANR reporting could help to resolve PSC confusion problem (the Cell identity unknown by RNC).
Conclusion 4: The NCL could be extended in Rel-12 with keeping the current RAN4 measurements requirements unchanged. 

Conclusion 5: The NW estimates the mobility state of the UE in CELL_DCH using the cell size and other available information, and takes actions for LPNs when high mobility is detected.
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