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1 Introduction

Similarly to UTRA, the purpose of cell reselection (CR) in LTE is to ensure that UEs camp on the appropriate cell (for instance in terms of signal strength and/or signal quality). In addition, cell reselection can be used for idle mode load balancing (see Subsection 6.12.2.3 of 1). Clearly, the purpose of cell reselection is expected to have an impact on the cell reselection mechanisms and associated measurements and broadcast parameters. (As it was also pointed out by 3). Therefore, in this contribution we discuss the role and purpose of cell reselection in LTE and list some of the related key requirements. We propose to capture these requirements in Section 10.1.1.2 of TS 36.300. 

We note that cell reselection between LTE and other radio access technologies (RATs) is out of the scope of this contribution. 

2 The Purpose of the Cell Reselection Function in E-UTRA

The primary purpose of the cell reselection function in LTE is similar to that in UTRA, namely to ensure that the UE camps on the best cell in terms of measured signal strength and/or signal quality. Cell reselection (following an appropriate cell selection) may become necessary due to idle mode mobility, changes in the radio environment, number of the active/idle mode UEs and/or changes in the UE capability or subscriber characteristics and a number of other reasons (see also 3). 

In addition to this basic functionality, for cell reselection in LTE we need to consider the following. One of the design principles of LTE is that it should support spectrum flexibility so that frequency bands can be added to the system as spectrum resources become available and/or there is a need to enhance the system capacity. It is expected that an E-UTRA cell (allocated, for instance, 10 or 20 MHz) spectrum will support a large number of users. Thus, the number of idle users camping on a given cell and the number of active users served by that cell can be large, amounting to hundreds of users. UEs that switch between IDLE and ACTIVE states expect high service availability and short transition time. It is often undesirable to be forced to make a handover (due to lack of resources in the cell in which the UE was camping but sufficient resources being available in a neighbor cell) directly after that the UE has become active. Therefore, E-UTRA has to support mechanisms that allow balancing for both active and idle users such that radio resources can remain highly utilized. (See also 3, 5, 6)

3 Inter- and Intra eNB Cell Reselection in E-UTRA

As idle mode UEs move across multiple eNBs and the UE continuously reselects the cell on which it camps, it typically also means that the UE changes the eNB to which it is connected. This case can be referred to as an inter eNB cell reselection, since cell reselection implies selecting between two or more eNBs. 

In E-UTRA, an important other case for cell reselection is the so called co-located cell scenario which is illustrated in Figure 1:
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Figure 1: Co-located cells in E-UTRA. The eNB acts as a resource owner for multiple cells.

It is worth noting that the eNB in Figure 1 may support multiple frequency bands (say Band-A and Band-B), each of which may accommodate several cells. The UEs camping on the different cells of eNB may or may not be Band-A and Band-B capable. 

4 Discussion: Some Issues Related to Cell Reselection

Regarding the primary purpose, the basic mechanisms for CR can be expected to be similar to those in UTRAN. In LTE, the UEs perform measurements on reference symbols (such as reference symbol received power, RSRP and reference symbol received quality, RSRQ) and receive system information (such as offset and hysteresis values) that are broadcast in the cell. The measurement data together with broadcast system information can serve as the basis for cell reselection. The exact details of these measurements and the appropriate system information are left for future studies.

Regarding the secondary purpose of CR, we note that load balancing for idle UEs may be problematic for two reasons. First, the usual measurement data available at the UE may not provide sufficient information about the cell load that would be needed for load balancing. For instance, measurements on reference symbol received power (RSRP) or reference symbol received quality (RSRQ) do not indicate the current load in the measured cell. Secondly, cell reselection decision is made by the UE which implies that if UEs employ similar cell reselection algorithms and cell reselection criteria, there is a risk that UEs will unevenly be distributed over the available cells, especially when multiple cells are supported at the same site. 

With respect to the first aspect, we note that in LTE inter-cell interference is expected to be the dominant interference factor. Therefore, an Ec/N0 type of measurement might indicate high reference symbol quality, when the load in the neighboring cells is lower than in the measured cell. Regarding the second aspect we realize that the UE distribution in a specific scenario will depend on the implemented algorithms that UEs use. The point we are making here is that if the cell reselection process is UE implementation specific, the resulting UE distribution may not be predictable. 

Specifically in the co-located multiple cell scenario, the RSRP may have similar values in different cells. Furthermore, different UEs within the same geographical area may measure similar RSRP values. RSRQ depends on the total interference within the UE reception bandwidth (and thus it will typically be different for different cells, irrespective if the cells are co-located or not). However, it requires further studies if RSRQ measurements provide a sufficient basis for load balancing purposes also in the scenario of Figure 1. One aspect specific to LTE is that the number of used resource blocks (and thereby the caused interference) in neighbor cells does not only depend on the number of users but also on the services used in that cell. 

As a summary, we list some important factors that need to be considered when deriving the requirements on and designing mechanisms for CR in LTE:

· Flexible spectrum handling and potentially large bandwidth per site

· Several cells per site (possibly divided into several frequency bands, each frequency band supporting multiple cells)

· High number of users, including high number of camping users due to high system capacity and packet oriented services

· Measurements on common reference symbols may not provide sufficient information on the cell load

5 Some Requirements on Cell Reselection in E-UTRA

Based on the previous sections, we derive some design targets with respect to the CR functionality for LTE:

· CR should primarily aim at ensuring that the UE camps at the “best cell”. Similarly to UTRAN, the exact definition of the “best cell” will employ hysteresis and offset values. Such hysteresis and offset values should allow the CR procedure to avoid ping-pong effetcs. The exact measurements (e.g. RSRP, RSRQ) and the associated hysteresis and offset values are for further study. 

· It should rely on low complexity algorithms both in the eNB and in the UE. 

· It should not increase the complexity of associated O&M procedures.

· It should not lead to significant delays at ACTIVE/IDLE state changes.

· It should not increase the UE measurement load significantly (in other words, it should not increase the power consumption of the UE significantly).

· It should employ only minimum amount of additional system information (SI).

· It should allow the network to control the cell reselection process for load balancing purposes.

· It should allow inter-eNB and intra-eNB load balancing.

6 Text Proposal to TS 36.300

10.1.1.2
Cell reselection

UE in RRC_IDLE performs cell reselection. The principles of the procedure are the following:

· Cell reselection primarily aims at ensuring that the UE camps at the “best cell”. The definition of the “best cell” employs measurements on reference symbols (e.g. RSRP, RSRQ) and involves hysteresis and offset values; 

· The employed measurements and the hysteresis and offset values ensure that the cell reselection process avoids ping-pong effects; 

· The cell reselection process, including the required measurements does not increase the UE measurement load significantly and thereby it does not increase the UE power consumption significantly;

· It employs minimum amount of system information (SI);
· It does not lead to significant delays at ACTIVE/IDLE state changes.
- Cell reselection takes place in a hierarchical or non hierarchical cell topology. The type of topology will be indicated in system information;

- The UE makes measurements of attributes of the serving and neighbour cells to enable the reselection process:

- Cells listed in the serving cell system information broadcast are searched and measured by the UE; it is FFS whether the UE can search and measure cells that are not listed in system information;

- The attributes to be measured for E-UTRAN cells are FFS;

- Measurements may be omitted if the serving cell attribute fulfils particular search or measurement criteria. The criteria and rules relating to which measurements may be omitted are FFS;

- Cell reselection identifies the cell that the UE should camp on. It is based on cell reselection criteria which involves measurements of the serving and neighbour cells. Details for cell reselection criteria are FFS (e.g. whether a cell specific offset is applied to measurements);

- Cell reselection parameters are applicable for all UEs in a cell, but it is possible to configure specific reselection parameters per UE group or per UE;

· Cell reselection allows E-UTRAN to control the cell reselection process for load balancing purposes;

· Cell reselection facilitates both inter-eNB and intra-eNB load balancing.
Cell access restrictions apply as for UTRAN, which consist of access class (AC) barring and cell reservation (e.g. for cells “reserved for operator use”, other purpose are FFS) applicable for mobiles in RRC_IDLE mode.

7 Proposal

We propose to discuss the cell reselection scenarios and the proposed requirements as presented in this contribution. We propose to capture the requirement list of Section 5 of this contribution in Section 10.1.1.2 of TS 36.300 as proposed in Section 6 of this contribution.
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