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Discussion and decision
Introduction

In RAN2 meeting #49, Seoul, Korea, 07-11 November 2005, the cell re-selection mobility issue is highlighted to be studied in the Long Term Evolution viewpoint to optimize the performance of UEs. This document presents further details on mobility of the LTE_IDLE UEs without the RRC connection. 

Proposal

Hierarchical Cell Structure Support in LTE System
Generally a hierarchical cell structure network is made up of some up-layer cells and several low-layer cells. It usually comprises Macro cells, Micro cells and Pico cells and cellular units of even higher or lower HCS. The function of different layer is predefined for different UE velocity. Therefore can users of variant mobility get better service in various cells they camped on. The UEs in low mobility such as pedestrians can camp on a cell of comparable smaller area, the UEs serving in the automobiles will camp on a cell of much bigger area. And the high-speed UEs such as high-speed train users will camp on the cell of the greatest area.
Consequently, the UE performance is optimized with its speed attribute. In idle period, a suitable cell camped on can reduce UE cell reselection greatly so that the UE power could be saved. On the other hand, in the active period whether the UE camped on a suitable cell or not will result in great variability of the HO frequency. Given that high speed UE camped on a pico cell will cost the network a large amount of handover signals and the low speed UE shall select the conformable smaller cell for better Qos, we propose in the future LTE system UE should select and reselect a more suitable HCS cell automatically, i.e. an advanced HCS.
UE Performance Optimization in LTE System
In the previous system the UEs are aware of an unprecise UE velocity. And UEs get the speed information only after they move through several cells. The mobility mode of one UE merely was described as the High Mobility and Low Mobility two sub-states. Therefore, decision about the cell reselection of different HCS priorities will cost the UE a very long period of time. In the accelerate phase maybe the UE speed is becoming higher and higher, during the decision period, then the UE maybe camp on an unsuitable HCS cell and vice versa. In the LTE viewpoint the cell should support a large number of users per cell with quasi instantaneous access to radio resources in the active state. It is expected that at least 200 users per cell should be supported in the active state for spectrum allocations up to 5 MHz, and at least 400 users for higher spectrum allocation. A much higher number of users is expected to be supported in the LTE-IDLE and camped state. The method of HCS cell reselection in previous system is obviously unsuitable for such a large number of UEs with great variability of speed. Therefore to fulfil the requirement of the Long Term Evolution an optimized HCS cell reselection method should be designed to make the reselection between different HCS cells as quickly as possible and the decision among HCS cells as precise as possible with its speed attribute. We consider that the UE velocity should be divided into several levels according to the amount of local HCS layers.
Consideration of HCS Optimization in LTE System:
In the previous system the HCS messages, e.g. whether to use HCS or not, have been broadcasted to the UEs via the SIB3/4. We, accordingly, propose to add more IEs about HCS cell in the LTE system, e.g. the velocity attribute of this cell. So the UE can know how many HCS-layers there are and which layer it can camp on after moving through a whole cell for the first time. 
Example of HCS in LTE System
The following example shows the optimized HCS and how UE can be aware of its precise speed. UE can find out a speed-suited HCS cell much faster than R5 and R6 system. The HCS cells are described in figure 1 that there are A1-A7 pico cells for slowest UEs and a B1 micro cell for UEs of mid-speed, a D1 macro cell for the fastest UEs.
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Figure 1.One example of HCS and UE mobility

One slow UE enters the A3 area from the left side and then it begins an accelerated motion through A3 area to A5 area. In the middle of A5 area UE speed reaches the highest level and after that it begins to decelerate through A5 area to A4. Finally the UE slows down at the edge of the A4 and B1. During the accelerated motion period a faster UE will select to camp on the B1 cell after passing through the A3 cell. Meanwhile during the decelerated motion period the UE returns to select a low speed cell i.e. A4 cell. On this occasion the UE cell reselection behaviour can be described as the pink curve in the figure 2. If the UE reaches a highest speed it can camp on the D1 cell which is suitable for the high speed. Then after that UE decelerates to a low speed and finally selects the A4 cell. The green curve in figure 2 reproduces the mobility diagram of UE behaviour in this case. On the other hand, if the UE speed is still higher after the decelerated motion it will select the B1 cell as its final objective cell. It is described as the brown curve in figure 2.
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Figure 2. HCS cells in LTE system 
Conclusions

In this paper a proposal for LTE-IDLE UE mobility in RRC unconnected mode has been described in detail. It is proposed to take advantage of the conception of HCS to make the performance of LTE system much better in the near future.

Since the LTE is required to serve larger quantity of UEs and to support higher UE mobility we proposed that the Hierarchical Cell Structure should be enhanced to fit the UEs for their various speed attribute.
It is proposed to include the following points of this contribution in RAN WG2 TR 25.813, in section 9.1.3,” Cell reselection”, or any section found suitable by the rapporteur.
1. SIB3/4 broadcasts the number of HCS layers in local area.
2. SIB3/4 IE indicates the cell velocity attribute and the overlapped cells velocity attributes.
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