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1. Introduction

Section 6.12 of the RAN WG3 Technical Report deals with the radio resource management (RRM) functions for E-UTRA [1] Subsection 6.12.2.3 provides a high level description of Connection Mobility Control (CMC) as one of these RRM functions. However, from the Introduction (and the current Editor’s node above it) it is clear that further details of the RRM aspects of CMC are solicited. This contribution aims to discuss relevant RRM aspects related to CMC and proposes text to the appropriate parts of the technical report.

We use the message sequence diagrams in Section 6.3.3.1 “Intra-LTE-Access Mobility Support for UE:s in LTE_ACTIVE: C-Plane” as a basis for the discussion and to provide further (RRM related) details of the intra-LTE handover procedures.

2. Alternatives for Intra-LTE Handover

According to the CMC description provided by Section 6.12.2.3 of [1]:

In Active mode (RRC connection mobility) the ‘mobility’ of radio connections between UEs and the different cells of E-UTRA has to be supported. The decision to move a connection from one cell to another is based on the radio conditions obtained by UE radio measurements, possibly based also on other conditions (e.g. load, traffic distribution) and on strategies defined by the operator.

Intra-LTE handover may be triggered due to mobility, changes in the radio environment and/or in the QoS requirements or other reasons (e.g. load balancing). In LTE, the Serving eNodeB needs to:

· Select the Target eNodeB for a potential handover

· Make the handover decision

The Target eNodeB needs to perform admission control for the handover, at least for Guaranteed Bit Rate (GBR) services. In this section we describe alternatives for intra-LTE handover and discuss them from the point of view of these three steps. 

2.1. Alternative 1: Handover Relying on UE Measurement Reports and Serving eNodeB Measurements
In LTE, the UE shall perform measurements on reference symbols, as described in Section 7.1.1.2.2 of [4]. In Alternative 1, the UE performs measurements on multiple eNodeB DL reference symbols, including measurements on common reference symbol power (CRSP), common reference symbol quality (CRSQ), carrier received signal strength indicator (RSSI) and possibly other quantities. The UE then periodically reports these measurement data to the Serving eNodeB. 

The neighbor eNodeB:s may report own status information to the serving eNodeB (as described in [3]) in order to assist the Serving eNodeB in selecting the right Target eNodeB in the sense that if the eNodeB does not have the resources to support the connection, then it is not selected as a Target. Such status reporting can minimize the risk of an admission rejection at the target eNodeB and it can help selecting the target eNodeB that can best support the required QoS for the handover connection. 

Furthermore, the serving eNodeB performs UL measurements on for instance the signal-interference-ratio (SIR), received resource block power and the received total wideband power. For HO decision, it may also take into account other (downlink) measurements, such as the transmitted (total) carrier power and/or the transmitted carrier power per resource block. 

The advantage of Alternative 1 is its low complexity in terms of the signaling/measurement reporting requirements over the radio interface and over the X2 interface, and that it allows efficient handover decisions at the serving eNodeB (especially in down-link limited scenarios). However, the disadvantage of this Alternative is that it does not consider the UL conditions (of the specific UE that is to be handed over) towards neighbor eNodeB:s.

2.2. Alternative 2: Alternative 1 + Neighbor eNodeB Performing UL Measurements on Specific UE:s
Alternative 2 is similar to Alternative 1, but in Alternative 2 the Serving eNodeB can request the Target eNodeB to perform measurements on a specific UE that is currently served by the Serving eNodeB. The rationale for this is that UL measurements allow the Target eNodeB to more accurately estimate the UL path loss than when handover decision is only based on UE measurement reports. This allows the Target eNodeB to indicate its “willingness” (appropriateness) to the Serving eNodeB for a handover specifically for this UE. This additional piece of information allows to include the UL path loss in the notion of the “best cell” which can be important in case of path loss imbalance. (The issue of path loss balance and imbalance for GSM is discussed in [5])

A useful side effect of Alternative 2 is that it may also allow for a preparation of the handover, (such as time alignment).,The Target eNodeB can actively trigger (provide input to the serving eNodeB) the actual handover execution. The exact procedures for this purpose are for further study.

In addition, similarly to Alternative 1, the serving eNodeB may also receive status information from the neighbor eNodeB:s. 

The advantage of Alternative 2 is that it allows the Serving eNodeB to make near-optimal handover decisions and Target eNodeB selections even in an uplink imbalance scenario. Furthermore, it allows for a pre-synchronization with the target cell. The disadvantage of this alternative is the need for some new messages over the X2 interface and also the requirement on the eNodeB to perform measurements on non-served UE:s.

2.3. Summary of Alternatives for Intra-LTE Handover
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Figure 1: A summary of the two alternatives for Intra-LTE Handover. In both alternatives, the Neighbor NodeB may report status information to the Serving eNodeB in order to minimize the risk for admission rejection or QoS degradation after handover and to ensure that QoS is maintained.

Figure 1 illustrates the handover procedure according to Alternatives 1-2. In Alternative 1, the UE reports measurement results on the common reference symbols (these are being similar to the CPICH measurement reports) and possibly other measurements. In addition, the eNodeB also takes into account eNodeB measurements (e.g. uplink SIR) in the handover decision. 

In Alternative 2, the serving eNodeB explicitly requests the candidate eNodeB:s to start “listening” to specific UE:s. This allows the candidate eNodeB to estimate the uplink path loss. The uplink path loss is then reported to the serving eNodeB to facilitate an optimal handover decision.

In both alternatives, the candidate eNodeB:s report their status (e.g. congestion status information) as described in R3-060725 in order to allow the serving NodeB to select the right Target eNodeB.
3. Message Sequences for Alternatives 1-2
[image: image2.wmf]UE

Source 

eNodeB

1. Provision of area restrictions

2. Measurement 

Control

2. Measurement 

Control

Measurement

Reports:

eNodeB

measurements

Request Status

Report Status (R3

-

060725)

UE 

Measurements

3. HO Decision

Target

eNodeB 2

Target

eNodeB1

Measure on UE

Measure on UE

Report on UE

Report on UE

In Alternative 2

eNodeB

measurements

on (non

-

served) UE

eNodeB

measurements

on (non

-

served) UE

In Alternative 2

UE

Source 

eNodeB

1. Provision of area restrictions

2. Measurement 

Control

2. Measurement 

Control

Measurement

Reports:

Measurement

Reports:

eNodeB

measurements

Request Status

Report Status (R3

-

060725)

UE 

Measurements

3. HO Decision

Target

eNodeB 2

Target

eNodeB1

Target

eNodeB1

Measure on UE

Measure on UE

Report on UE

Report on UE

In Alternative 2

eNodeB

measurements

on (non

-

served) UE

eNodeB

measurements

on (non

-

served) UE

In Alternative 2


Figure 2: A high level message sequence diagram that describes the exchange of messages in Alternatives 1-2. The base for this diagram is the handover procedure as described in Section 6.3 of R3.018; the messages related to the options in this contribution take place between Step 2 (Measurement Control) and Step 3 (HO Decision).

Figure 2 shows a message sequence diagram that provides further details of the procedure described in Section 6.3 of R3.018 (and also in Section 9.4.2 of TR 25.912). 

4. Proposal

We propose to discuss Alternatives 1-2 for intra-LTE handover and to capture the main characteristics of these (as described in Section 2 of this contribution) in R3.018.
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