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16
Radio Resource Management aspects

The purpose of radio resource management (RRM) is to ensure the efficient use the available radio resources and to provide mechanisms that enable E-UTRAN to meet radio resource related requirements identified in sub-clause 10 of 3GPP TR 25.913 [2]. In particular, RRM in E-UTRAN provides means to manage (e.g. assign, re-assign and release) radio resources taking into account single and multi-cell aspects.

16.1
RRM functions

16.1.1
Radio Bearer Control (RBC)

The establishment, maintenance and release of Radio Bearers involve the configuration of radio resources associated with them. When setting up a radio bearer for a service, radio bearer control (RBC) takes into account the overall resource situation in E-UTRAN, the QoS requirements of in-progress sessions and the QoS requirement for the new service. RBC is also concerned with the maintenance of radio bearers of in-progress sessions at the change of the radio resource situation due to mobility or other reasons. RBC is involved in the release of radio resources associated with radio bearers at session termination, handover or at other occasions.

RBC is located in the eNB.

16.1.2
Radio Admission Control (RAC)

The task of radio admission control (RAC) is to admit or reject the establishment requests for new radio bearers. In order to do this, RAC takes into account the overall resource situation in E-UTRAN, the QoS requirements, the priority levels and the provided QoS of in-progress sessions and the QoS requirement of the new radio bearer request. The goal of RAC is to ensure high radio resource utilization (by accepting radio bearer requests as long as radio resources available) and at the same time to ensure proper QoS for in-progress sessions (by rejecting radio bearer requests when they cannot be accommodated). 

RAC is located in the eNB.

16.1.3
Connection Mobility Control (CMC)

Connection mobility control (CMC) is concerned with the management of radio resources in connection with idle or connected mode mobility. In idle mode, the cell reselection algorithms are controlled by setting of parameters (thresholds and hysteresis values) that define the best cell and/or determine when the UE should select a new cell. Also, E-UTRAN broadcasts parameters that configure the UE measurement and reporting procedures. In connected mode, the mobility of radio connections has to be supported. Handover decisions may be based on UE and eNB measurements. In addition, handover decisions may take other inputs, such as neighbour cell load, traffic distribution, transport and hardware resources and Operator defined policies into account. 

CMC is located in the eNB.

16.1.4
Dynamic Resource Allocation (DRA) - Packet Scheduling (PS)

The task of dynamic resource allocation (DRA) or packet scheduling (PS) is to allocate and de-allocate resources (including buffer and processing resources and resource blocks (i.e. chunks)) to user and control plane packets. DRA involves several sub-tasks, including the selection of radio bearers whose packets are to be scheduled and managing the necessary resources (e.g. the power levels or the specific resource blocks used). PS typically takes into account the QoS requirements associated with the radio bearers, the channel quality information for UEs, buffer status, interference situation, etc. DRA may also take into account restrictions or preferences on some of the available resource blocks or resource block sets due to inter-cell interference coordination considerations.

DRA is located in the eNB.

16.1.5
Inter-cell Interference Coordination (ICIC)

Inter-cell interference coordination has the task to manage radio resources (notably the radio resource blocks) such that inter-cell interference is kept under control. ICIC is inherently a multi-cell RRM function that needs to take into account information (e.g. the resource usage status and traffic load situation) from multiple cells. The preferred ICIC method may be different in the uplink and downlink. 

ICIC is located in the eNB.

16.1.6
Load Balancing (LB)

Load balancing has the task to handle uneven distribution of the traffic load over multiple cells. The purpose of LB is thus to influence the load distribution in such a manner that radio resources remain highly utilized and the QoS of in-progress sessions are maintained to the extent possible and call dropping probabilities are kept sufficiently small. LB algorithms may result in hand-over or cell reselection decisions with the purpose of redistribute traffic from highly loaded cells to underutilized cells. 

LB is located in the eNB.

16.1.7
Inter-RAT Radio Resource Management

Inter-RAT RRM is primarily concerned with the management of radio resources in connection with inter-RAT mobility, notably inter-RAT handover. At inter-RAT handover, the handover decision may take into account the involved RATs resource situation as well as UE capabilities and Operator policies. The importance of Inter-RAT RRM may depend on the specific scenario in which E-UTRAN is deployed. Inter-RAT RRM may also include functionality for inter-RAT load balancing for idle and connected mode UEs.

16.1.8
Subscriber Profile ID for RAT/Frequency Priority

The RRM strategy in E-UTRAN may be based on user specific information.

The Subscriber Profile ID for RAT/Frequency Priority (SPID) parameter received by the eNB via the S1 interface is an index referring to user information (e.g. mobility profile, service usage profile). The information is UE specific and applies to all its Radio Bearers.

This index is mapped by the eNB to locally defined configuration in order to apply specific RRM strategies (e.g. to define RRC_IDLE mode priorities and control inter-RAT/inter frequency handover in RRC_CONNECTED mode).

16.2
RRM architecture

16.2.1
Centralised Handling of certain RRM Functions

16.2.2
De-Centralised RRM
16.2.2.1
UE History Information

The source eNB collects and stores the UE History Information for as long as the UE stays in one of its cells.

When information needs to be discarded because the list is full, such information will be discarded in order of its position in the list, starting with the oldest cell record.

The resulting information is then used in subsequent handover preparations by means of the Handover Preparation procedures over the S1 and X2 interfaces, which provide the target eNB with a list of previously visited cells and associated (per-cell) information elements. The Handover Preparation procedures also trigger the target eNB to start collection and storage of UE history Information and thus to propagate the collected information.

16.2.3
Load balancing control

16.X
Enhanced Inter-cell Interference Coordination (eICIC)

eICIC is used for co-channel interference scenarios that could not be overcome by conventional ICIC techniques. 

16.X.1
CSG case

Dominant interference condition is envisioned when non-member users are in close proximity of a CSG cell. In this case, the conventinal ICIC techniques are not fully effective in mitigating control channel interference. Depending on  network deployment and strategy, it may or may not be possible to divert the users suffering from inter-cell interference to another E-UTRA carrier or other RAT. Enhanced co-channel interference management is necessary to allow such non-member UEs to remain served by the macro cell on the same frequency layer.

Time-domain solution is utilized for the afore-mentioned interference scenario. A restricted resource set (i.e. a set of subframes) of macro cell is designated as “protected” resource under strong inter-cell interfenrence. Interference is mitigated by the CSG cell freeing up its resources corresponding to macro’s protected resources. A non-member UE uses the protected resources for measurements (RRM)  and radio link monitoring (RLM) and can continue to be served by the macro cell. It should be noted that CRS of the CSG cell is still transmitted normally in the subframes the CSG cell frees up. Therefore the measurement of the CSG cell can also be performed on the subframes corresponding to the macro cell’s protected resources.
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Figure 16.X.1-1: eICIC RRM/RLM resource restriction: CSG case
16.x.1.1
RRC_CONNECTED

In connected mode, the RRM/RLM resource restriction is configured by dedicated signalling. The network can find out that the UE is subject to dominant interference from/to a CSG cell which the UE is not a member of through the existing measurement events (defined in release-8/9) and the CSG system information acquisition procedure (defined in release-9), at which point the RRM/RLM resource restriction can be configured by the network.

16.X.2
Pico case

Dominant interference condition is envisioned when pico users are on the edge of the serving pico cell with extended coverage, e.g. for traffic off-loading from a macro cell to a pico cell. In this case, the conventinal ICIC techniques are not fully effective in mitigating control channel interference, and enhanced co-channel interference management is necessary to allow such UEs to remain served by the pico cell on the same frequency layer.
Time-domain solution is utilized for the afore-mentioned interference scenario. A restricted resource set (i.e. a set of subframes) of pico cell is designated as “protected” resource under strong inter-cell interfenrence. Interference is mitigated by the macro cell freeing up its resources corresponding to pico’s protected resources. A UE served by a pico cell uses the protected resources for measurements (RRM) and radio link monitoring (RLM). It should be noted that CRS of the macro cell is still transmitted normally in the subframes the macro cell frees up. Therefore the measurement of the macro cell can also be performed on the subframes corresponding to the pico cell’s protected resources.
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Figure 16.X.2-1: eICIC RRM/RLM resource restriction: Pico case
16.x.2.1
RRC_CONNECTED

In connected mode, the RRM/RLM resource restriction is configured by dedicated signalling. For a UE served by a pico cell, the RRM/RLM resource restriction allows accurate measurement of both pico and macro cells under strong interference from the macro cell. Also, for a UE served by a macro cell, the network may configure RRM/RLM resource restriction corresponding to pico’s protected resource in order to facilitate handover to a pico cell.
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