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1
Introduction
The introduction of co-channel small cells in the macro layer increases capacity of the system significantly but impacts mobility robustness [2]. Large number of cells in Hetnet deployments creates problems with successful handovers and active set updates because of the very dynamic nature of the interference environment and shorter time of stay of UEs in small cells. The mobility could be enhanced with the introduction of new parameters in NCL (Neighbour Cell List) which is important and beneficial for UE mobility in HetNet environment. This contribution proposes some optimization solutions where additional information sent in the NCL parameters could improve mobility KPIs.
2
Limitations of NCL in CELL DCH
The NCL is defined per cell in the RNC in the radio network configuration database. Per cell implies that each cell in the network can have a unique NCL which reflects the other cells located in its vicinity. A UE monitors the cells it receives as part of the NCL (the monitored set). When suitable triggering criteria are met the UE reports these cells to the RNC which decides which of these cells could become part of the UEs active set.  

NCL was originally designed to accommodate homogeneous networks and the number of entries fit well to dense urban macro cell deployments. The current NCL supports following number of entries
· 32 Intra frequency neighbours (including the serving cell)
· 32 inter-frequency neighbours 
· 32 inter-RAT neighbours
In [1] a solution was proposed involving dynamic NCL based on UE mobility class (low/medium/high speed users). It mitigates the NCL size issue by dynamically optimizing the number of entries in the NCL based on different speed UE, geographic location and estimated direction of movement.
The NCL could be enhanced by adding some additional parameters. These fall into the given categories:
· LPN specific parameters (to treat macro cell and small cell separately when configuring mobility parameters)
· Mobility state information (information that is used by UE to change reporting behaviour of monitored cells)
3  Addressing UL/DL Imbalance
Uplink/Downlink (UL/DL) imbalance is an important issue studied in HetNet SI [2]. In a typical homogeneous network, one of the key observations is that UEs maximum uplink range equals the base station’s downlink range. However, in case of heterogeneous networks, this assumption loses its validity since LPN has a smaller downlink range than macro due to lower transmitted power. However, the uplink range of the UE is unchanged since the UE still needs to communicate with the macro cell. This problem is referred to as UL/DL imbalance. There are two side-effects of UL/DL imbalance. In the first case, when the UE is in macro-LPN SHO.  This results in inadequate (too low) power at the UE’s uplink in order to successfully communicate with the macro base station because LPN controls the Tx power of the UE.  Secondly, when the UE is in the SMZ (Strong Mismatch Zone) and is still being served by the macro the UE transmission may result in excessive interference to the self users of LPN. Several solutions have been proposed to mitigate this imbalance. In the context of NCL enhancements, some of these parameters that influence the imbalance could be added to the neighbour cell list in order to give UE a better estimate of the imbalance situation. These parameters include;
· Primary CPICH Tx power of LPN and macro (already included in NCL)
Primary CPICH Tx power parameter is optional in current standard version. In case of HetNet the information about CPICH power in macro and LPN is important for imbalance calculation so this parameter could be mandatory in case of HetNet deployment. 
If CPICH level in LPN is changed dynamically this requires that update of NCL should be sent to UE after every CPICH power modification.
· LPN desensitization (LPNDesense)
If desensitization is applied at the receiver of the LPN, this information can be provided to the UE to estimate UL/DL imbalance
· Receiver compensation factor (UL_RCF)
The Compensation Factor (defined based on [3]) takes into account many of even all UL parameters in macro and small cell which contribute to UL imbalance. The following parameters are most important: RX diversity usage, receiver sensitivity, UL Noise Rise, RX equalization gain. Compensation Factor is calculated in RNC and included in NCL. 
Using these parameters, UE may estimate UL/DL imbalance using the equation; 

UL/DL imbalance = (P-CPICHMACRO – P-CPICHLPN) – (LPNDesense + UL_RCF) 





(1)

Where:
P-CPICHMACRO is the CPICH power level in macro
P-CPICHLPN is the CPICH power level in LPN
LPNDesense is the difference in receiver sensitivity level between LPN and macro
UL_RCF is computed as below (described above)

UL_RCF = (RoTMACRO - RoTLPN) - (G_DIVMACRO - G_DIVLPN) - (G_EQMACRO - G_EQLPN)



(2)

Where:
RoTMACRO, RoTLPN  being the average Rise over Thermal (RoT) level in macro and LPN cells
G_DIVMACRO, G_DIVLPN being the RX diversity gain in macro and LPN cells
G_EQMACRO, G_EQLPN being the equalizer gain in macro and LPN cells
 
UE may, based on equation (1) above compute the UL/DL imbalance to estimate the additional boost required for UL physical or transport channels toward the weaker uplink. For e.g. calculation of HS-DPCCH power offset discussed in RAN 1 (see [2]).
3 Handover Robustness
Following parameters can be added to the NCL to improve mobility robustness i.e. reduce the occurrence of a Handover Failure (HOF) and/or reduce the number of ping-pong HOs.
· Dynamic Time to Trigger (TTT)

It is proposed that the intra-frequency measurement events that are applicable to small cells rely on different triggering parameters e.g. LPN specific TTT such that measurement events could be triggered for small cells from some UEs without relying on the current one-size-fits-all definition of TTT.
4 Inter-Frequency Cell Discovery
· LPN power class (for dedicated frequency deployments)
By providing the power class of the inter frequency cells through NCL, UE can have a better estimate of the presence of inter frequency cells in the vicinity of its macro and can therefore optimize its second carrier measurement and reporting based on the number of cells and even the mobility state information if available. For example the UE could derive an optimal value for the measurement period (the rate at which the UE performs IF measurements on the list of inter-frequency cells). 
5 Conclusions
The proposed parameters for NCL could improve mobility performance and improve mobility related KPIs in HetNet. The improvements come from better knowledge of UE about environment and possibility for better optimisation and reaction of the UE to particular mobility cases.

Proposal 1: We propose to discuss and study further addition of these parameters into NCL
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