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1 Introduction

During 3GPP discussions on Study Item “UTRAN Long Term Evolution”, the assignment of RRM/RRC-functionality to logical nodes was deemed an important aspect for LTE‑architecture. This contribution is aiming to:

· Detail the sub-functions of RRM

· Highlight the impact of the (to be decided) structure of the physical resources on the location for that RRM-entity, which performs inter-cell co-ordination of radio resources (inter-cell RRM)

· Show the reason for co-locating RRM and RRC in the same logical node

· Give an overview on the resulting Control-Plane connections in different architectures

· Determine where agreements can be achieved and where further consultation is required

2 Terminology in this contribution

Despite not finally decided, this contribution assumes the existence of an Iu-like interface between a RAN (characterised by providing and autonomously managing/controlling Radio Resources and by translating QoS-attributes into Radio-Bearer configuration/radio parameters) and a CN (characterised by managing/controlling services and subscriber data, including Authentication, Authorisation and Accounting). This interface, usually named “eIu” in discussions on LTE, is assumed to follow the paradigm of separation into control-plane and user-plane (a paradigm valid for Iu since R99).

At the current state of discussions, there is no final decision what the number of control-plane nodes will be. For this reason, the document is rather focussing on functions and entities than on logical nodes in C-Plane.

If similar functions are co-located in a certain logical node, we use the term “Entity”. In other words, an entity is a unit that performs a group of logical functions (see e.g. the definition of an MM-entity in R3-051146).

The term eNodeB resembles a node similar to today’s NodeB, but supporting the evolved Air Interface.

3 Sub-Functions of RRM

For the UTRAN-LTE system performance, Radio-Resource-scheduler (RRS) in the NodeB is expected to play a significant role. By basic definition, such scheduler shall distribute the available radio-resources between UEs of a certain cell. Whilst it is quite obvious that schedulers have to respect the inter-cell-interference resulting from the scheduler’s decisions (with different characteristics in UL and DL), the following aspects are yet to be decided by 3GPP:

· Is scheduling co-ordinated between cells of the same eNodeB? (i.e. does one central scheduler serve all cells inside a eNodeB)

· How are Radio-Resource-Schedulers configured to limit the inter-cell-interference across NodeBs?

· How are Radio-Resource-Schedulers configured to limit the inter-cell-interference in same NodeB?

Figure 1 shall provide a brief overview on the co-ordination aspects for inter-cell-interference.
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Figure 1: Co-ordination of inter-cell-interference by Radio-Resource-Schedulers
For discussion in sections below, the following sub-functions can be distinguished:

· Intra-Cell RRM, to be handled by the scheduler in the NodeB

· Inter-Cell RRM, to be co-ordinated across NodeBs

4 Structure of Physical Resources for UTRAN-LTE

Despite not finally decided in 3GPP RAN1, it can be expected that OFDM-characteristic of the Air-Interface will be more demanding for RRM than the CDMA-based physical layer of Release 99. Recent discussions suppose to address Radio-Resources by units called “chunks”, consisting of a well defined range of frequencies (“tones”) for certain duration (time). Figure 2 is showing a possible structure of Radio Resources.
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Figure 2: Physical Resources in OFDM, seen as a combination of “tones”, duration and power
Due to the spill-over of transmitted power into neighbouring cells and in order to support unequal loading of cells, Inter-Cell RRM will be required. Depending on the mobility of users and the dynamics of data-rate changes, even Dynamic Inter-Cell RRM may be required. Figure 3 is showing an example for Inter-Cell RRM, where power limitation to chunks is applied (Note: power limitations in UL and DL may differ and will also depend on cell-portion/beamforming schemes).

Note:
RAN1 is discussing inter-cell RRM e.g. under the term “Interference Mitigation by Coordination”, cf. R1-051366 et al
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Figure 3: Distribution of Physical Resources (“chunks”) to cells, i.e. inter-cell-RRM

To support multi-cell RRM in UTRAN-LTE network, two general options exist:

· Inter-Cell RRM handled by peer-to-peer communication between NodeBs
(see e.g. figures 5 and 6)

· Inter-Cell RRM handled by a central node (e.g. CPS, see figure 4)

5 Termination of Measurements

An RRM entity needs to be aware of the current load and interference situation in its managed area. As known from R99 onwards, there are two main sources for this dynamic knowledge:

· UE Measurements

· NodeB measurements

5.1 UE Measurements

Today, UE measurements are configured and reported via RRC protocol, thus inherently subject to encryption.

For UTRAN-LTE, a number of decisions have to be taken:

· Is it necessary to encrypt/cipher UE measurement configuration…

· …on Air-Interface?

· …on the interface to the NodeB? (if performed at central node)

· Is it necessary to encrypt/cipher UE measurement reporting

· …on Air-Interface?

· …on the interface to the NodeB? (if performed at central node)

· Is it necessary that a central Node (e.g. access-GW, eGSN, CPS)…

· …can access single measurement reports?

· …can access summarised measurement reports (typically averaged or otherwise statistically accumulated single measurements, thus usually subject to a certain reporting delay)?

· Is it necessary that the NodeB…

· …can access single measurement reports?

· …can access summarised measurement reports (typically averaged or otherwise statistically accumulated single measurements, thus usually subject to a certain reporting delay)?

· Are UE measurement configuration and reporting part of an overall RRC-entity (e.g. together with AS-Message termination, NAS-Message forwarding, physical resource configuration) or should they reside in a specific Measurement-Control-Entity?

Despite the open questions from above, it can be assumed that an Inter-Cell RRM function will need access to UE measurements at least for:

· Handover decision (e.g. measurement s on Pilot/BCCH-reception, Received-Signal/Chunk-Power)

· Checking and setting the maximum value for:

· Throughput (e.g. effective bitrate per user/per cell)

· TX/RX-Power

5.2 NodeB Measurements

For managing the bandwidth/throughput requested by users in different cells, the actual performance situation in a certain cell is needed to be known by the inter-cell RRM entity. A good example is given by the discussions on RTWP-reporting (formerly RoT reporting) during discussions on HSUPA/E-DCH in Rel-6. Without the knowledge of the resulting situation, management of radio resources between cells (belonging to different NodeBs supplied by different manufacturers) is deemed inefficient.

To foster discussions on “which eNodeB measurements may be required for Inter-Cell RRM”, the following list could serve as a guideline:

1. Received Total Wideband Power (RTWP) or a similar measurement representing the total “Load” on the Air-Interface (UL/DL)

2. Received Signal/Tone Code Power

3. Received “Chunk” Power

4. Processing Load Situation in a certain NodeB/Cell/Cell-Portion

5. Reporting on “Capacity Consumption Law”

Similar to the discussion on UE measurements above, there is again the question whether single measurements are required or averaged/summarised measurements would be sufficient.

6 Co-location of Inter-Cell RRM and Measurement Termination Point

As briefly described in sections above, the inter-cell RRM entity will need the following functions:

· Access to UE measurements configuration and reporting

· Access to NodeB measurements configuration and reporting
(at least from all neighbouring NodeBs)

· Access to that part of the RRC which is aware of the envisaged/recent resource consumption for a particular UE, e.g. resulting from the requested/configured service.

· Access to a (dynamic ?) database, holding the inter-cell assignment of physical resources

Figures 4 to 6 are aiming to summarise the inter-cell RRM aspects from above for some of the proposed architectures. In some proposals Inter-Cell RRM and Measurement Termination are co-located in same logical node, whilst in other proposals signalling across interfaces will be required.
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Figure 4: Inter-Cell RRM in an architecture with central C-plane node (CPS) in RAN
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Figure 5: Inter-Cell RRM in architecture with UE Measurement entity and Inter-Cell RRM in NodeB
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Figure 6: Inter-Cell RRM in architecture with UE Measurement in upper node (aGW) and Inter-Cell RRM in NodeB

Proposal

It is proposed:

· To co-locate

· Inter-cell RRM

· Termination of UE measurement configuration and reporting

· Termination of NodeB measurement configuration and reporting

· In a central node above NodeB

· In a node subject to RAN sharing in case of Multi-Operator-Core-Network (i.e. in a shared node)

· To evaluate necessity for dynamic inter-cell RRM in co-operation with RAN WG1
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