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1
Introduction
The study on UMTS Heterogeneous Networks [1] includes many potential areas for investigation which may impact mobility procedures. In this paper we briefly summarise these areas and what may need to be done to address those.
2
Discussion
2.1
Interference Issues
As part of the objectives of this study item RAN1 and RAN2 should investigate the following:

· Investigate uplink and downlink interference issues and solutions for co-channel deployment of macro and small cells
· identify small cell coverage issues and potential solutions
· identify the uplink interference issues between macro cell and small cell and potential mitigation techniques
· identify the downlink interference issues between macro cell and small cell and potential mitigation techniques
· Investigate uplink and downlink imbalance issues and solutions for co-channel deployment of macro and small cells
· Investigate range expansion techniques with multiflow
· investigate uplink and downlink imbalance effects to uplink and downlink performance due to range expansion and identify potential mitigation techniques 
We expect that any findings, mainly coming from RAN1 simulations and analysis, could impact RAN2 mobility procedures – namely for idle (and semi-idle) cell selection and reselection, and also CELL_DCH measurements. In the current specification there are several tools already to address interference – namely the parameters provided as part of the neighbour cell list (e.g. CIO), the parameters provided for cell selection and reselection (Qrxlevmin, thresh,x, etc.), and the parameters provided for measurement event evaluation (e.g. reporting range, hysteresis, etc.). 

In particular, the uplink and downlink imbalance may need to be addressed. Figure 1 below briefly illustrates the issue. 

[image: image1]
Figure 1: Link imbalance between macro and pico cell

In order to address the link imbalance issue, it should first be studied what can be done to address this using the existing parameters and methods. For example, the NW may set CIO for a pico cell in the NCL to a level which takes into account not only the potential interference in the DL but also uplink interference, and/or use Qqualmin accordingly. However, this may not address all of the situations. 

For Idle (and semi-idle) mode, it will need to be studied whether the existing cell selection and reselection criteria are fully suitable for cases whereby there are some areas of link imbalance in the network. Cell (re)selection criteria currently considers only the downlink, and may need to be enhanced to take into account uplink signal when determining the best cell for camping – for example by defining criteria which is based in part on Srxlev and part on pathloss in order that the UE camps on a pico cell which may not have the best downlink, but has far stronger uplink. For example, in case of UE initiated calls with the heavy uplink traffic, the strongest uplink cell may be preferred for camping as long as the downlink signalling reception can be satisfied
This may still not be sufficient to provide reliable uplink or downlink, depending on the particular scenario. For example, currently we have a single CIO that can be provided in the neighbour list – for optimisation of particular cases such as SHO or multiflow if may be necessary to provide more flexibility in the measurement event configuration – so that the NW can provide different values depending on the purpose of the measurement event or different values in the neighbour list depending on the UE or cell purpose. 
In summary, we think that much of the existing tools available may be able to address most of the cases of interference and link imbalance, by correct setting of the parameters by the NW – however some minor optimisations may be required in order to allow more flexibility to the NW configuration of measurement events and cell selection/reselection behaviour. 
Proposal 1: If it is shown that the existing mobility parameters are not sufficiently flexible then the first consideration should be small extensions of the existing behaviour in order to limit system impact and complexity.

2.2
Neighbour cell list limitation

The study also includes the following objectives: 

· Investigate mobility issues, performance impacts and possible optimizations for both co-channel and dedicated frequency deployments of macro and small cells
· investigate the mobility issues of mass small cell deployment(e.g. UE measurement requirements, limited neighbour cell list size, PSC confusion) and possible solutions
· The study shall include considerations to minimize the impact on physical layer and legacy terminals
In RAN2#81 the issue of PSC confusion was discussed, and it was noted that the deployment of pico cells may not have the same type of issue as CSG deployment, but rather that the current size of the neighbour list may be an issue. 

Of course it is possible to extend signalling however as we see the main factor to consider are the performance aspects, so any potential extension needs to be evaluated by RAN4 before we can conclude. 

We may need to look at alternatives that do not change the maximum number of cells/frequencies that the UE is required to monitor – or at least look at alternatives that allow the UE to meet the legacy requirements without needing to relax those. One of the major objectives of this study should be to ensure that the existing performance requirements are not affected by any HetNet specific optimisation.

Alternative approaches we could look to for Idle mode may involve some prioritisation of cells/layers to measure – along the same lines as has been agreed in Rel-11 to support EUTRA measurements in CELL_FACH. 

For connected mode, rather than neighbour list extension, we may look at using measurement event specific cell lists. Typically we would expect that the criteria for measurement of pico cells would differ from the usual macro cell criteria – for example measurements may need to be triggered earlier based on a higher Sintrasearch in order to achieve a faster RL addition or HHO. Cells which are known to be pico cells could be listed to be measured in case of the measurement events specifically configured to handle pico cell measurements, whereas other cells which would be measured using the existing configurations in the NW, and are typically macro cells, could be measured in the other cases. Such consideration would then allow more cells to be measured overall, but without requiring any performance requirement updates since the UE at any one point in time would not be required to measure more cells than is currently required. Allowing different cell lists to be configured depending on the measurement event would also allow optimisation of parameters such as CIO according to the scenario.
Proposal 2: Any NCL extension affecting the performance requirements should preferably be avoided, and RAN4 should be consulted as soon as possible regarding feasibility of changing the requirements.

2.3
Multiflow mobility
The study includes the following objective:

· Investigate mobility issues, performance impacts and possible optimizations for both co-channel and dedicated frequency deployments of macro and small cells
· identify the requirements and potential solutions of mobility enhancement for multi-flow deployments, including multi-carrier multi-flow
In Rel-11, some enhancements to measurement event evaluation for multiflow were discussed, for example in [2]. However in Rel-11 timeframe no enhancements were agreed – but rather it was assumed that the performance based on DCH active set was sufficient because in Rel-11 the inter-frequency multiflow case assumed that assisting cells must be co-located with the primary macro cell. However if pico cells are to be used for multiflow it is likely that primary and secondary cells are from different sites with different frequencies (i.e., inter-site DF-3C/4C operation for HetNet in Rel-12) and hence the discussion may need to be revisited with the Rel-12 scenarios in mind – the previously proposed measurement evaluation scheme removes the co-located limitation. Other additional extensions such as to the measurement parameters might also be needed to address the inter-site case.
Proposal 3: Enhancement to multiflow active set measurements and potentially measurement parameters will be needed to remove the co-located limitation from Rel-11.
2.4
Small Cell Discovery

The study includes the following objective:

· Investigate mobility issues, performance impacts and possible optimizations for both co-channel and dedicated frequency deployments of macro and small cells
· Investigate improvements to UE discovery and identification of  small cells 
In order to determine whether any enhancement to cell discovery is needed, we should first clarify whether or not pico cells in a HetNet deployment would be potentially deployed in a coordinated or uncoordinated manner. This allows us to investigate the different requirements for each of those cases. 
Uncoordinated deployment

For this case, we have already introduced solutions to address the CSG case for both idle mode (autonomous search) and CELL_DCH (proximity indication). In case there is the likelihood of having uncoordinated small cells, then the most likely solution candidate would be re-use of the procedures defined for CSG cells. This may require some small extensions however the overall procedures were discussed at great length in previous releases so there should be no real reason to revisit this from scratch. 
Coordinated deployment

For this case, it’s expected that pico cells will be in the macro cell neighbour list. As such, all the legacy procedures are available for discovery of small cells. We may look into small extension of the existing procedures, such as use of additional Sintersearch threshold for measurement of small cells (as described in section 2.2)

Proposal 4: For small cell discovery re-use of the existing procedures is possible, with only small extension potentially needed and no major new schemes should be required.
2.4
UE speed based mobility

The study includes the following objective:

· Investigate mobility issues, performance impacts and possible optimizations for both co-channel and dedicated frequency deployments of macro and small cells
· investigate UE speed based mobility solutions
It’s quite well known that the current UE speed estimation may be fairly inaccurate and so if any speed based solutions are to be used then it first of all the problem requiring such a solution should be clearly identified, and any solutions considered need to be shown to be reliable and useful. For example, it has already been suggested above that by adjusting parameters such as Sintersearch, the UE measurements for small cells can be triggered earlier and there may be no need to take the UE speed into account. However this still might not guarantee a successful handover at high speeds, and it may cause frequent handover signalling which will also impact HO failure count even if the relative rate is not increased (because the more handover attempts are made, the more likely one will be to fail). Similarly, for cell reselection UE speed could be taken into account by increasing Treselection for small cells, which would prevent unnecessary reselections and reduce the overall signalling. Some simple improvements could be considered such as basing mobility estimation on macro cells only, but this will also depend very much on what other improvements need to be made. 
Proposal 5: Speed based solutions should be considered only after it has been identified what other improvements are needed, and only if there is a problem clearly identified. Any gain related to specific solutions needs to be clearly quantified, and solutions should aim to also address signalling overhead.
3
Conclusion
In this paper we have provided a brief initial evaluation of the various aspects of mobility that need to be considered in the HetNet SI and make the following proposals:
Proposal 1: If it is shown that the existing mobility parameters are not sufficiently flexible then the first consideration should be small extensions of the existing behaviour in order to limit system impact and complexity.

Proposal 2: Any NCL extension affecting the performance requirements should preferably be avoided, and RAN4 should be consulted as soon as possible regarding feasibility of changing the requirements.

Proposal 3: Enhancement to multiflow active set measurements and potentially measurement parameters will be needed to remove the co-located limitation from Rel-11.
Proposal 4: For small cell discovery re-use of the existing procedures is possible, with only small extension potentially needed and no major new schemes should be required.
Proposal 5: Speed based solutions should be considered only after it has been identified what other improvements are needed, and only if there is a problem clearly identified. Any gain related to specific solutions needs to be clearly quantified, and solutions should aim to also address signalling overhead.
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