3GPP TSG-RAN WG2 Meeting #55                                       
          

R2-062867
Seoul, Korea, 9 – 13 October 2006


Source: 
Ericsson

Title:
Requirements on Cell Reselection in E-UTRA

Agenda Item:
15.1

Document for:
Discussion

1. Introduction

Similarly to UTRA, the purpose of cell reselection in LTE is to ensure that the UEs camp on the appropriate cell (for instance in terms of signal strength and/or signal quality). In addition, cell reselection can take into account the overall load in multiple cells (see Subsection 6.12.2.3 of ‎[1]).

Indeed, cell reselection provides a means to balance the idle mode UEs over multiple cells. Such a load balancing function may be needed to balance the load among multiple eNB:s, including situations in which the Operator deploys more than one cell in the same geographical area. Such cells can be termed co-located cells, since a single physical eNB acts as the radio resource owner for multiple cells. The purpose of this contribution is to discuss the role of cell reselection in LTE and to list some requirements on intra-LTE cell reselection.

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

2. Background: Idle Mode User Distribution in E-UTRA

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 the 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. E-UTRA has to support mechanisms that allow balancing both active and idle users such that radio resources remain highly utilized. 

Specifically for camping users (UEs in LTE_IDLE), load balancing 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 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. 

As a summary, we list some important factors that need to be considered when designing intra-LTE cell reselection and idle mode load balancing algorithms:

· 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

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

As idle mode UEs move across multiple eNB:s and the UEs continuously reselect the cell on which they camp, it typically also means that the UE changes the eNB to which it is connected. This case can be referred to as inter eNB cell reselection, since cell reselection in this case implies selecting between two or more eNBs. The basis for cell reselection in this case can be the measurements on OFDM reference symbols, such as the reference symbol received power (RSRP) or reference symbol received quality (RSRQ), since these will be different from different eNBs.

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

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.

From a load balancing perspective 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. Some Requirements on Load Balancing in E-UTRA

For UTRA, the cell reselection process is also influenced by the cell reselection parameters that are broadcasted in the System Information broadcasts (SIB) as specified in TS 25.304 ‎[2]. The System Information broadcasts provide a means to optimize the cell reselection process. For instance, in UTRA, the Qoffset2_s,n parameter specifies the offset between two cells in FDD. This parameter gives the necessary difference for the measured Ec/N0 in order for the UE to execute cell reselection. 

In general, the parameters in the system information (SI) that affect the cell reselection process can be categorized as follows:

· Offset and Hysteresis values, for instance Qoffset2_s,n and Qhyst2_s

· Hierarchical Cell Structure parameters, e.g. HCS_PRIO_s

· Timer values, e.g. Treselection_s

· RAT specific threshold values, e.g. Ssearch_RAT_1

· Other parameters, e.g. Inter-frequency scaling factor for Treselection

In UTRA FDD cells, when the cell reselection criterion is CPICH Ec/N0, the Qoffset2s,n parameter specifies the offset between the serving and neighbor cells and thereby provides a means to control the distribution of UEs in idle mode. In a WCDMA system, UEs experience different levels of interference from neighbor cells depending on their position and distance to neighbor cells. Thereby, the CPICH Ec/N0 based cell reselection together with a Qoffset2s,n parameter provides an efficient means to steer idle mode UEs to camp on different cells. 

For LTE, the scenario illustrated by Figure 1 also needs to be considered. In this scenario, multiple cells are supported by the same eNB. In this situation, several UEs may measure similar reference symbol signal power (but typically different reference symbol received quality). 

To achieve a balanced load distribution of idle UEs, there is a need to (1) trigger the cell reselection process and (2) to ensure that the result of the cell reselection will be such that the desired UE distribution is reached. The mechanism that achieves these two sub-goals should meet the following requirements:

· 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 (SIB).

· 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.

5. Proposal

We propose to discuss the cell reselection scenarios and the proposed requirements as presented in this contribution. 
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