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1. Introduction
At RAN#61, a new Rel-12 WI: UMTS Mobility enhancements for Heterogeneous Networks was approved in [1]. In this contribution, we shall continue shedding some visions and concerns in those regards during WI phase.
2. Discussions
As once suggested and discussed, the following three mobility issues are to be solved in potential standardized manner:

1: Massive Small Cell Deployment.
2: Speed Based Mobility.
3: Small Cell Discovery and Identification.
1: Massive Small Cell Deployment
For Non-Cell_DCH state where UE makes cell reselection based on neighbour cell list info broadcasted by SIBs, the massive small cell deployment would potentially require further extension of current SIBs. As current SIBs are encountering BCH capacity challenges, BCH capacity may need to be further increased.
Issue 1: Do we need to increase the BCH capacity for massive small cell deployment purpose?

For Cell_DCH state where UE makes HO based on neighbour cell list info configured from MC messages, the measurement &report signalling overhead due to massive small cell deployment does not cause much problem, but e.g. for co-channel deployment case, UE cannot know why some neighbour small cell is deployed, this may degrade UE measurement and mobility performances sometimes even if NW can provide macro/small cell specific measurement configuration settings. As illustrated in Figure 1 below, Small cell A is co-channel deployed within Macro cell for boosting capacity purpose unlike Small cell B&C for coverage purpose, from particular UE viewpoint, Small cell B&C are more critical for UE’s measurement and HO than Small cell A in the sense of robust RL connection, hence it makes sense for UE to prioritize its RF measurement towards Small cell B&C.
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Figure 1: Different deployment purposes of different small cells
Furthermore, UE cannot know where the neighbour small cell is located neither exactly nor roughly, this may also degrade UE’s measurement and HO performances sometimes even if NW can provide macro/small cell specific measurement configuration settings. As illustrated in Figure 2 below, Small cell A is co-channel deployed within Macro cell closer to Macro cell centre than Small cell B, from particular UE viewpoint, the HOF likelihood with Small cell A can be bigger than that with Small cell B, due to their different SHO region size with Macro cell, hence it makes sense for NW to be more careful at HO dealing with Small cell A than B.
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Figure 2: Different deployment locations of different small cells

Issue 2: Do we need to distinguish the measurement and mobility handling for small cells with different deployment attributes?
2: Speed Based Mobility
For Non-Cell_DCH state where UE makes cell reselection per local RF conditions, the mobility related signalling overheads or QOS degradation due to small cells seems less severe than Cell_DCH state. However, per whatever kind of UE based MSE means, e.g. 3GPP specified or non-3GPP specified, advanced UE of later release should be able to know its speed status, from UE battery saving and mobility performance gain viewpoints, it makes sense for NW to switch on/off when and where UE shall measure&inbound neighbour small cells (if small cell type is known by UE). i.e., NW may flag-command that once UE identifies its high speed status, UE should avoid measurement and cell reselection towards all of its neighbour small cells.
Issue 3: Do we need to optimize Non-Cell_DCH state UE’s measurement and cell reselection behaviour based on its local speed status?
For Cell_DCH state where UE makes HO based on NW’s command, the UE speed or other mobility related info known by NW shall contribute to UE mobility performances in many regards, such as enhancing RL robustness, mitigating short time of stay (ToS), reducing mobility related signalling overheads and choosing more reasonable MF-HSDPA configurations. Per whatever kind of NW based MSE means, e.g. 3GPP specified or RRM algorithm level, advanced NW of later release should be able to make reasonable HO decisions, e.g. AS maintenance, serving HS-DSCH cell change and HCS layer choice etc. To our understanding, both the UE speed evaluation accuracy and mobility trajectory are helpful for NW. As illustrated in Figure 3 below, UE at high speed (known by NW via whatever means) may move within or outside small cell cluster, per different UE mobility trajectory, NW may decide whether to keep UE still in small cell cluster without potential macro-small cell ping-pong HO. Without trajectory info, NW may always choose to put high speed UE in macro cell layer at first place for mobility efficiency. With more and more UEs of later release being equipped with GPS/Beidou alike positioning modules and running location based service, it is possible for outdoor UE to report its exact position info in Cell_DCH state, so more convenient for NW to make better mobility decisions. Nevertheless, there are concerns behind whether the UE battery and signalling cost for positioning process are justified for mobility optimization, and whether the positioning accuracy can fit into the size of small cells.
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Figure 3: Different mobility trajectory in small cell clusters.

Issue 4: Do we need to optimize Cell_DCH state UE’s measurement and HO behaviour based on its trajectory/ position or other mobility helpful info?
3: Small Cell Discovery and Identification
The small cell proximity detection based scheme brings little complexity to NW implementation and specs., and it has been realized and tested well in CSG cell environment. In that sense, it is better than any other scheme on the table. For NW assisted small cell discovery scheme, significant amount of assisting system info may be needed, which also challenges current limited BCH capacity.

Issue 5: Do we need to increase the BCH capacity for assisting small cell discovery and identification purpose?

As already acknowledged in many studies, there is evitable tradeoff between UE small cell discovery efficiency and its battery consumption, it is hard to quantify where, when and which aspect should take precedence over the other. However, as illustrated in Figure 4 below, for the main “offloading” motivation from small cell deployment, UE in Cell_DCH state had better prioritize its discovery efficiency for small cell than its battery consumption, while UE in Non-Cell_DCH state should prioritize its battery saving most of the time. The reasons are: UE spends most of its operational time in Non-Cell_DCH state and should be conservative at small cell searching, and NW may not get much capacity and performance gain even if offloading those Non-Cell_DCH UEs into small cells.
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Figure 4: UE in different RRC state has different urgency for being offloaded towards small cell.
Issue 6: Do we need to prioritize different trade-off aspects for UE in different RRC state at small cell discovery?
3. Conclusions
In this contribution, we raised some concerning points for UMTS HetNet mobility enhancement, and would kindly ask RAN2 to consider following propose:
Proposal: To consider the concerning points 1-6 listed above when designing relevant solutions during WI phase.
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