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1. Introduction
For the ongoing Rel-11 study Item on HetNet mobility improvements fot LTE [1] the focus so far has been on calibration of simulation results in order to ensure comparable results in evaluation of possible problems in HetNet scenarios. In this paper we try to provide a generic analysis on possible problems that one may face in HetNet scenarios, which would need more deep analysis or simulations and further discussions.
2. Discussion

Generally in the simulations for HetNet one could identify mobility related problems due to the increased amount of variable size cells i.e. we are no longer looking at homogeneous network deployments. Additionally in the [1] it was highlighted:

Seamless and robust mobility of users from LTE macro to small BTS-layer, and vice versa, shall be supported to enable offload benefits. Scenarios with more BTS-layers and multiple carriers also means that there are more potential error cases, and therefore additional re-establishment procedures could help improve the overall system robustness. 

Efficient small cell discovery is important to ensure efficient offload from macro to small cells, and is therefore recommended to be studied in more details – especially for case where cells are on different carriers. Today autonomous UE mobility state estimation is based purely on number of experienced cell changes, but without explicitly taken the cell-size into account. This may cause some unfortunate effects in HetNet scenarios, so it is suggested to study related improvements; e.g. to ensure good solutions for avoiding high-mobility users on small BTS layer. 

So it seems that one of the main focus points of HetNet deployments is offloading the traffic from macro cells to smaller cells, and in following chapters we try to provide a list of possible areas which may be affected by HetNet type of deployments. 
2.1 Idle Mode 

Discussion has so far mostly been focusing on mobility for UEs in RRC Connected mode and there has not been too much attention to the idle mode mobility. For Idle mode it is therefore not yet clear whether there is a need to do any studies or improvements regarding HetNet scenarios in order to ensure the mobility robustness. One may claim that potential challenges are not that critical as the impact of mobility problems may e.g. only cause some additional reselections to pico cells or on the other hand if reselections are done “too late” the connections are established in the macro cells although some pico cells are available. So far the possible problems that we at the moment recognise could be considered in Idle mode are:

1. UE is camped on non-optimal cell when starting connection establishment for user data

2. UE reselects unnecessarily between Tracking Areas and causes unwanted TAUs

3. Increased amount of reselections

Problem 2 has earlier proven to cause some unfortunate side effects, and is probably something that could happen also in the non HetNet scenario. The problem should be possible to solve by NAS layers using intelligent TAU procedure by giving appropriate TACs. 

Problem 1 could happen often, and if there are lots of UEs starting the connection in non-optimal cell this could become problematic and have impact the network performance – One example that could trigger this kind of scenario to occur would be that the network is utilizing quite short RRC connection release timers and/or non-active UEs initiating connection at the same time. Non-active UEs not initiating establishment will of course not add to this problem. And when one starts to consider short RRC connection release timers then probably one has to start evaluating the work item for EDDA [2] and what kind of release timer values that are reasonable in real deployments. 

Observation 1: Currently it seems that HetNet mobility robustness for Idle mode has not been considered regarding the use cases highlighted in the SI [1]. If one considers that there are some potential problems foreseen it seems reasonable that one also needs to take the WI of EDDA into account [2].
2.2 Connected mode

In the connected mode the effects of suboptimal mobility can be severe and the mobility functionality in HetNet scenarios should at least try to assess the goals of the SI scenarios:
· Seamless and robust mobility of users from LTE macro to small BTS-layer, and vice versa, shall be supported to enable offload benefits.

· In order to enable offloading and robust mobility there is a need to have efficient discovery of small cells combined with equally efficient and robust mobility procedures. Offloading is not possible if the NW cannot handover a UE to available small cells i.e. the SI should ensure that reasonable offloading possibilities and tools are available for operator/network.

For HetNet mobility some specific type of problems may be more apparent than in homogeneous network scenarios and would need further analysis. Based on HetNet SI [1] we have in earlier contributions analysed the potential challenges as we see them and outline a number of mobility problems we see needs to be addressed and solved:

· Increased amount of  RRC Connection re-establishments as described in the [3]

· Possible power consumption increase if the HetNet scenarios would require usage of very short DRX – See [4]

· High-mobility users on small BTS layer may cause some unfortunate effects 

· Mobility state estimation giving incorrect estimates and making the mobility worse – see [5]

· Increased probability of  Radio Link Failures and Handover Failures when fast moving users are served by small BTS – see [6]Discovery of small cells may introduce some challenges e.g. cell discovery may take too long time to allow efficient off loading or the UE power consumption may have problems on the other hand  – see [7]

· After cell detection one needs to consider about measurements and how quickly UE is able to provide appropriate results for offloading purposes

· After the measurements have been done they need to be reported and one area to study is to see if the sending of results causes any critical delays – especially one needs to study if different cell sizes are problematic for robust mobility performance
· And after the measurement result reception in the eNB one needs to think if there is anything problematic in the delivery of HO command and the execution of the HO preparations. 
As also seen in the [4] it seems also obvious that it would be impossible to totally separate SI of HetNet and WI of EDDA when considering what kind of problems and possible solutions would be required

Proposal 1: In the SI focus on CONNECTED mode problems and also remember to take into account also discussion done for EDDA WI – especially as the strategies used there may have an impact to HetNet deployment efficiency.
3. Conclusion
In this paper we provided a generic analysis of the SI time and possible areas for further studies and also pointed out that WI for EDDA most probably has a linkage to HetNet SI. 

Proposal 1: In the SI focus on CONNECTED mode problems and also remember to take into account also discussion done for EDDA WI – especially as the strategies used there may have an impact to HetNet deployment efficiency.
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