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1 Introduction

This contribution aims to contribute to the discussion on RRM architecture by identifying key RRM functions and their preferred location in the LTE/SAE architecture. 

This contribution distinguishes between intra-cell and inter-cell RRM functions in terms of their required input (measurement) data, the number of affected cells by an RRM decision and the time scale at which these operate. Inter-cell RRM refers to the case when the RRM algorithm requires input from multiple cells and/or the RRM decision affects multiple cells (and/or UE:s belonging to multiple cells). 
In this contribution we focus is on multi-cell RRM (MuC-RRM) aspects and the preferred location of the MuC-RMM entity in the LTE architecture. Single cell RRM and related functions (e.g. scheduling, fast or slow power control (if necessary), fast link adaptation, adaptive modulation and coding, fast hybrid ARQ) can be handled in the Node B without any coordination effort between the cells and thus are out of scope of this paper.
2 Multicell Radio Resource Management

In multi-cell interference limited scenarios both single-cell and multi-cell radio resource management functions are needed for the efficient utilization of radio resources. Inefficient RRM would put too high demand on the physical layer design and would lead to suboptimal system capacity. The exact set and role of MuC-RRM functions can depend on the actual radio access technology (RAT). For instance, in LTE inter-cell interference mitigation techniques are expected to be important ‎[5], ‎[6], ‎[8]. Other MuC-RRM functions include admission control, handover control and resource sharing. 

MuC-RRM functions are critical for the overall performance, coverage and capacity. The burstiness due to packet oriented traffic leads to large dynamics in the inter-cell interference levels, which can be mitigated through coordination between the cells. 
In order for the MuC-RRM functions to work, they require measurement data from the UE:s and/or from the NodeB:s Thus, these functions can have access to radio related measurements.

In terms of the required measurement data as a decision basis, the MuC-RRM functions can be classified into two main categories:

· Connection related functions: These include functions that rely on individual UE measurement reporting and/or other UE specific information (such as the resources required to support a UE in case of admission). An example of this type of functions is handover control. 

· Cell resource related functions: These functions rely on NodeB measurements and depend on the overall resource situation in the cells. An example of this type of functions is cells resource sharing (e.g. through partial re-use) that adopts the available resources towards the load in  multiple cells in an optimal way. 

3 MuC-RRM Functions in E-UTRA

Multi-cell RRM functions similar to those used in UTRA are likely to be used in E-UTRA in order to ensure efficient radio resource utilization. An additional important function in E-UTRA is inter-cell interference mitigation or avoidance ‎[6]. A promising example of inter-cell interference avoidance is the muting technique that was presented in ‎[8].

Key MuC-RRM functions in E-UTRA are:

· Connection Related:

· Handover control (based on terminal measurement and cell load information)
· Cell resource related:

· Admission control

· Resource sharing and balancing 

· Inter-cell interference mitigation and avoidance

From the point of view of the time scale of the measurement reporting as well as their main purpose, handover control, multi-cell admission control and resource sharing/balancing in E-UTRA are similar to their counterparts in UTRA. 

The currently discussed inter-cell interference mitigation techniques in ‎[6] include inter-cell interference randomization, inter-cell interference cancellation and inter-cell interference co-ordination/avoidance. Inter-cell interference coordination/avoidance implies restrictions to the downlink resource management (e.g. scheduling for the non-common channels) in a coordinated way between cells. This coordination between cells can range from a static coordination to a more dynamic coordination based on different types of measurements. (As mentioned in ‎[6] (see Sections 7.1.2.6.3 and 9.1.2.7.1 in ‎[6]), such restrictions can be in the form of restrictions to what time/frequency resources are made available to the resource manager (scheduler) or restrictions on the transmit power that can be applied to certain time/frequency resources.)

The multi-cell RRM functions for E-UTRA are summarized in Table 1.
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Table 1: Summarizing the MuC-RRM Functions in LTE. Note that the time scale for measurement reporting and execution of all of these functions is in the order of several hundreds of milliseconds or even seconds, depending on the number of involved cells, filtering parameters and other system parameters.

Table 1 lists the proposed MuC-RRM functions for LTE along with the type of the required measurement data and the time scale for such measurements. Resource sharing and Interference avoidance are not directly related to an individual UE in the sense that these functions are more related to actions that are influenced by the overall load and resource utilization in multiple cells. As noted in ‎[6], inter-cell interference coordination/avoidance can range from a static coordination to a more dynamic coordination based on e.g. traffic distribution among the cells.

4 Proposed Location of MuC-RRM Functions in E-UTRA

We note that the time scale for the functions is in the order of magnitude of hundreds of milliseconds or more for all MuC-RRM functions. Thus from a time scale point of view, there will be no architectural impact.
We also note that for the connection related MuC-RRM functions it would be beneficial with a direct control and/or measurement relationship with the UE:s. For handover control the advantage of this kind of “RRC type” of relationship is very clear. 

We propose that the MuC-RRM functions that are connection related shall reside in the ACGW. This so that these functions can benfit from:

· Multiple cell (e.g. hierarchical cell structure) and multi-RAT information
· To make it possible to have central control of the terminal mobility (e.g. to support features like service based handover).
· To avoid possible “ping-pong” effects, which could be a problem in systems where handover decisions are taken by different handover algorithms in different Node Bs from different vendors.

The location of cell resource related functions, which include admission control, resource sharing/balancing and inter-cell interference mitigation, is for further study. Also, until now RAN1 has not yet concluded on the schemes that shall be used for the inter-cell interference mitigation. Possible location of the cell resource related functions that need to be further investigated are:

· Node B

· ACGW

· A separate central node
5 Conclusions

In this contribution we identified the most important Multi-cell RRM functions that are necessary in LTE in order to ensure radio resource efficient operation. These functions can be categorized as the ones that rely on UE measurements and/or related to a specific UE (handover control) and ones that rely on the cell resources (admission control, resource sharing and inter-cell interference mitigation). 

We also listed the key aspects that have a major impact on the placement of these functions, which are the types of the needed measurements, the time scale of these measurements and the time scale for function execution.

Based on these considerations we propose that the handover control, which is a connection related function, shall reside in the ACGW. The location of cell resource related functions including admission control, resource sharing/balancing and inter-cell interference mitigation is for further investigation. 
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