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1. Introduction

With respect to the Study Item [1], RAN1 has sent an LS to RAN2 [2], requesting input from RAN2 and RAN4 on the modelling used for mobility performance evaluation.
This document discusses some of the issues that came up during offline discussion, and proposes a way forward.
2. Parameter Settings

RRC Configured Parameters

There are several RRC configured parameters that influence mobility performance, and parameter settings have a significant result on mobility performance, as indicated by [5]. RAN1 has asked RAN2 for a range of values to be considered in the evaluation process. The intent of this RAN1 request is to make it easier to compare and evaluate results.

Clearly there are tradeoffs among the various metrics as the parameter values are varied. For example, setting the small TTT may increase the number of handovers, and at the same time allows for rapid triggering of handovers in response to changing radio conditions. It is probably not a good use of RAN2 time to discuss narrowing down the range of parameters.

Proposal 1: The simulation results for mobility evaluation should be allowed to include any parameter setting allowed in the standard, the metrics provided as part of the results should be broad enough to understand the effect on tradeoffs in mobility performance. In addition, RAN2 may provide range of values that is not binding on the simulation.
Message sizes:
It is desirable to agree on one typical value for the message size. 

Though the measurement report message size varies depending on the radio conditions, RAN2 recommends 184 bits, based on no inter-RAT or inter-frequency reporting.
The handover command message size is also subject to fluctuation, depending on the configuration assigned by the target cell. A typical value of 296 bits can be assumed, and a value of 448 bits may be assumed for a typical VoIP UE with SPS. 

In addition, for the HO complete message, 96 bits can be assumed.

3. Cell Preparation and Event Trigger Model

Baseline cell preparation method

Under Rel-8 mobility procedures, the UE performs RRC re-establishment procedures on a suitable cell after RLF. This re-establishment is successful if the cell selected by the UE has been prepared by the network. It is important to model the conditions under which the selected cell should be considered to be prepared during re-establishment.
One mechanism for cell preparation that is clearly supported is the following (with two possible choices in step ‘c’)

a) Source eNB makes a decision to initiate handover procedures, based on measurement report from the UE.

b) When the source cell initiates handover procedures, it sends a Handover Required message to the target eNB, over S1 or X2.

c) All cells of the target eNB may be considered to be prepared for handover. Alternatively, only the cell of the target eNB that was reported in the measurement report is assumed to be prepared.

d) Also, all cells of the source eNB may be considered to be prepared for handover.

The baseline cell preparation method has a problem in the following two cases

UL Measurement Report Loss: The source is unable to prepare the target cell if the measurement report form the UE is lost. The reference here is to the measurement report that causes the source eNB to initiate the handover procedure.

DL HO Command Loss: If the UL measurement report is successful, but the HO command is lost, and the UE re-establishes at an eNB that is different from the eNB of the reported cell, then the re-establishment fails.
These shortcomings of the baseline cell preparation solution could potentially be addressed by enhanced cell preparation techniques. We discuss below some such techniques, and point out problems associated with them, relating to which cells are prepared, and when the cells are prepared.
Preparation of cells in multiple eNBs

Preparation of cells in multiple eNBs improves handover robustness if the UE happens to re-establish at an eNB that is different from the eNB of the cell that the UE reported in the measurement report. Preparation of multiple eNBs is triggerred the decision at the source eNB to intiate handover. The source cell sends Handover Required messages to all target eNBs and starts forwarding data to them.
S1 Case: The preparation of cells in multiple eNBs is not allowed by the S1-AP specification [4], as quoted below. For example, the S1 interface does not include transaction IDs that could be used by the MME and source to track the success/response of several transactions.

8.4.1

Handover Preparation

8.4.1.1
General

The purpose of the Handover Preparation procedure is to request the preparation of resources at the target side via the EPC. There is only one Handover Preparation procedure ongoing at the same time for a certain UE.
X2 Case: The X2 interface allows the source eNB to prepare multiple eNBs. In this case, the eNB begins to forward data (for AM bearers) to multiple cells at the time it sends the handover command to the UE. This has the following issues

· Extra use of backhaul resources for data forwarding and X2 signalling

· Need to cancel handover to the prepared eNBs where the UE does not appear.

Summary: Multiple cell preparation is feasible in networks with X2, but with some overheads, and not feasible in networks with S1 only. Since multi-eNB preparation is triggerred by the UL measurement report, it does not protect against loss of UL measuremnt report.
Preparation of cells in advance of handover trigger

The preparation cells in advance of handover may be done by the eNB, for example, using event A4 (target better than a network specified threshold). In this case, the preparation is not accompanied by forwarded data.

Such preparation will be useful if the measurement report from the UE that actually triggers handover (critical MRM) is lost. In such a case, the UE will be able to re-establish successfully, and will not have to go through RRC Idle.

However, the preparation of cells in advance has the following issues:

· Use of resources at several non-serving eNBs, for potentially long time periods

· In case the critical MRM is lost, there is no clear way to perform data forwarding from the source cell. This results in loss of the data buffered at the source cell, and will be disruptive for TCP.

· Need to update the bearer state at other eNBs if there is a NAS update after advance preparation is performed. No clear methods currently available to provide for such NAS (bearers/security) updates.
Summary: The preparation of cells in advance of the handover trigger (e.g. using event A4) has several problems as currently specified in Rel-8. 

Summary for Cell Preparation

Several issues were identified with methods that improve the robustness of the cell preparation procedures. However, given the role such procedures can play in improving performance, the simulation results should allow for multi-eNB and advance cell preparation, provided that enough results are given to understand the tradeoffs involved.
Proposal 2: RAN2 should recommend that for the mobility evaluation work in RAN1, the baseline cell preparation method should be assumed.

Proposal 3: If other preparation methods are used, the following information should be provided: (1) A time average of the number of cells prepared in advance for a UE. (2) The average time a prepared cell stays prepared before preparation is cancelled, or handover occurs (3) The number of occasions when data buffered at the source is unable to be delivered to the UE.
Proposal 4: RAN2 should recommend that for the mobility evaluation work in RAN1, as a baseline, measurement report trigger A3 should be used.

Proposal 5: If other measurement triggers are used, the following information should be provided: (1) The RRC parameter settings used for the event trigger,  (2) The number/rate of measurement reports triggered.
4. Conclusion
RAN2 is requested to examine the proposals as a way forward for mobility evaluation methodology. 
Proposal 1: The simulation results for mobility evaluation should be allowed to include any parameter setting allowed in the standard, the metrics provided as part of the results should be broad enough to understand the effect on tradeoffs in mobility performance. In addition, RAN2 may provide range of values that is not binding on the simulation.

Proposal 2: RAN2 should recommend that for the mobility evaluation work in RAN1, the baseline cell preparation method should be assumed.

Proposal 3: If other preparation methods are used, the following information should be provided: (1) A time average of the number of cells prepared in advance for a UE. (2) The average time a prepared cell stays prepared before preparation is cancelled, or handover occurs (3) The number of occasions when data buffered at the source is unable to be delivered to the UE.

Proposal 4: RAN2 should recommend that for the mobility evaluation work in RAN1, as a baseline, measurement report trigger A3 should be used.

Proposal 5: If other measurement triggers are used, the following information should be provided: (1) The RRC parameter settings used for the event trigger,  (2) The number/rate of measurement reports triggered.
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