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1. Introduction
This paper discusses a general approach to RRM self-optimization of Connection Failures, building on MRO. We repeat proposals that were put forward at the last 3GPP WG3 meeting.  
Proposal 1: For Rel-11, MRO should be extended into covering RRM connection failures in general. Taking into account additional RRM related corrective actions is a key part, in addition to existing MRO corrective actions of making handover happen earlier or later. 

Proposal 2: In particular, for the case of applying MLB and MRO in a hetnet environment also other features controlling the robustness of transmission need to be taken into account, e.g. eICIC, ICIC, Carrier Aggregation, power control, TTI bundling etc. 

Proposal 3: To minimize the standards impact and minimize the need to describe algorithms, the distributed context-aware architecture shall be assumed as a baseline, i.e. where information is provided to node(s) that have UE context information and may directly apply corrective actions. Optimization algorithms should be described as little as possible.

This paper brings more motivation for these proposals, and tries to more clearly explain the problems.
2. Discussion
2.1.  Connection Failure SON
MRO is primarily characterized by 
a)   its corrective actions to change handover parameters such that hand-over between certain cells would happen earlier or later, 
b)   Its goal to reduce the likelihood of Radio Link failure and handover failure. 
We think the SON corrective actions to prevent Connection failures should be
1.    Modify the coverage of the cell(s), i.e. changing SNR and SINR conditions for the UEs: Coverage Optimization
2.    Modify handover parameters (RRM) to make handover happen earlier or later: MRO
3.    Other RRM corrective actions to ensure that Radio Link can be maintained and that the coverage for SRB is sufficient. 

We recognize that 1) coverage optimization may be done as a slower process under centralized control due to the potentially high impact to the network of changing the basic coverage. Thus we propose no changes to coverage optimization. 
2.2. General Connection failure optimization corrective actions

Typical MRO corrective actions to make handover happen earlier or later could involve changing of UE measurement configuration for outgoing handovers: 

· cell individual offset 

· hysteresis and/or event offset/threshold

· time to trigger

· L3 filtering parameter k

· Number of frequencies to measure / measurement gap configuration.  

Other corrective actions could also be used to impact the rate of connection failures. 

2.2.1 
DRX 

According to TS 36.133, Measurement performance is strongly dependent on UE DRX configuration. For inter-frequency case it is also dependent on the number of frequencies that the UE has to measure on. If gaps are used, measurement performance can also be dependent on the gap configuration used. 

Below an example from R2-114027, Hetnet mobility and DRX, by NNSN, where connection failure performance is mapped with different DRX settings. We note that this example reflects well the expectations based on 36.133. 
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Figure: From R2-114027, Pico-macro RLF rate when using long and short DRX cycles
Observation 1: A possible problem with current MRO is that the expected handover performance would be different for each UE, due to DRX setting being different service/QoS class it may not always be easy to determine suitable connection failure targets, or to determine when MRO shall take action to modify handover parameters. 

Observation 2: A possible corrective action to reduce connection failures is to change DRX settings. 

2.2.2 
eICIC, ICIC and Carrier Aggregation
During the work of the eICIC WI, it was specified support in 3GPP for TDM ICIC involving that: 

·    Interference aggressor cell can silence certain sub-frames (almost blank sub-frames)

·    Interference victim cell can make use of the silenced low interference sub-frames for UEs in low SINR conditions, for transmission of control channels, e.g. PDCCH. Note that the victim cell can also use low interference frequencies according to rel-8 ICIC (protecting PDSCH and PUSCH) to maintain good enough performance. 

·    The UEs that make use of low interference sub-frames are assumed to work in low SINR and they would also apply a measurement restriction for RLM measurements that correspond to the ABS sub-frame pattern, to prevent radio link failure. 
We also note that it was concluded in RAN1 that eICIC is needed to maintain connectivity in aggressive cell range expansion cases, i.e. when mobility offset is more than a certain threshold. 

Observation 3: Connection failures due to high interference or UE being connected to a weak cell that is interfered can be combated by using eICIC. 

In case eICIC is in use it need to be applied to correctly identified victim UEs. There would likely be parameters to discriminate which UEs are victim UEs or not. There could also be parameters to control X2 signalling for eICIC. 

Observation 4: A possible corrective action at high rates of Connection failures is to modify eICIC parameters. 

Furthermore we note that Radio Link Failure is not always related to signalling channels, but can also be related to PUSCH: In case max number for RLC transmissions has been reached, the UE will trigger RLF. We also note that there are several possible ways to improve the situation for PUSCH. One possibility would be to apply rel-8 ICIC to transmit PUSCH in low interference resources. 

Observation 5: A possible corrective action at high rates of Radio link failures related to PUSCH would be to use of modify parameters for rel-8 ICIC. 
We also note that RAN1 has recognized the option to use Carrier Aggregation with to combat interference and allow UE connection to weak cells. The following picture from 36.814 outlines possible options to protect the control channel region and use cross carrier scheduling to ensure that DL physical control channels are interference protected: 
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Observation 6: Also CA and carrier usage configuration may impact to UE ability to be connected to an interfered and weak cell. 

Observation 7: A possible corrective action at high rates of Connection failures could be to change CA or carrier usage configuration for UEs in problematic situations. 

2.2.3 
TTI bundling
Although TTI bundling was introduced to enhance VoIP UL coverage, we think it could also be used to enhance UL coverage also for SRB, e.g. to reduce Radio Link Failure related to PUSCH, typically triggered by max number for RLC transmissions has been reached. 
However, compared to other items in this document, TTI bundling is less important because similar effect (but less efficient and with longer latency) could be obtained by other means. Thus nothing on this topic here. 
2.2.4 
Power Control
UL power control is used to regulate average UL inter-cell interference. 

·    If the UL interference becomes very high at cell edge, then it may cause failure to UE power-limited transmissions that would have been successful under less loaded conditions. 
·    If power control on the other hand is very restrictive, keeping average interference very low, UEs may be restricted to low bit-rate transmissions, and the UL capacity of the cell may be limited. 

Observation 8: Connection failures may occur due to interference, that is regulated by UL power control

Observation 9: A possible corrective action at high rates of Connection failures due to high interference could be to change power control. 

In a hetnet environment a DL-balanced cell border would be found when UE can measure that RSRP (marco) = RSRP (pico). 

RSRP (pico) = RF gains (pico) * TX power (pico), where we assume that RF gains (pico) impacted by lower antennas and less efficient antennas are less than RF gains (macro), and that the DL TX power (pico) is less than Dl TX power (macro) the macro, THUS both these factors contribute in DL to make pico smaller than macro. 

In a hetnet environment an UL-balanced cell border would be found when both pico and macro can receive a certain transmission from the UE with equal strength, thus where Received power (pico) = Received power (macro). 
Received power (macro) = RF gains (macro) * TX power (UE).
Received power (pico) = RF gains (pico) * TX power (UE).

Thus for the UL case The TX power is the same and THUS the UL balanced pico cell border is not at the same place as the DL balanced cell border, the pico cell is lager in the UL and in the DL, unless this is combated by UL power control such that Pico UEs transmit at lower power the macro UEs. 
Observation 10: UL power control in hetnet is complex, and dependent on cell size. 
3.  Summary
Proposal 1: For Rel-11, MRO should be extended into covering RRM connection failures in general. Taking into account additional RRM related corrective actions is a key part, in addition to existing MRO corrective actions of making handover happen earlier or later. 

Proposal 2: In particular, for the case of applying MLB and MRO in a hetnet environment also other features controlling the robustness of transmission need to be taken into account, e.g. eICIC, ICIC, Carrier Aggregation, power control, TTI bundling etc. 

Proposal 3: To minimize the standards impact and minimize the need to describe algorithms, the distributed context-aware architecture shall be assumed as a baseline, i.e. where information is provided to node(s) that have UE context information and may directly apply corrective actions. Optimization algorithms should be described as little as possible.

Observation 1: A possible problem with current MRO is that the expected handover performance would be different for each UE, due to DRX setting being different service/QoS class it may not always be easy to determine suitable connection failure targets, or to determine when MRO shall take action to modify handover parameters. 

Observation 2: A possible corrective action to reduce connection failures is to change DRX settings. 

Observation 3: Connection failures due to high interference or UE being connected to a weak cell that is interfered can be combated by using eICIC. 

Observation 4: A possible corrective action at high rates of Connection failures is to modify eICIC parameters. 

Observation 5: A possible corrective action at high rates of Radio link failures related to PUSCH would be to use of modify parameters for rel-8 ICIC. 

Observation 6: Also CA and carrier usage configuration may impact to UE ability to be connected to an interfered and weak cell. 

Observation 7: A possible corrective action at high rates of Connection failures could be to change CA or carrier usage configuration for UEs in problematic situations. 

Observation 8: Connection failures may occur due to interference, that is regulated by UL power control

Observation 9: A possible corrective action at high rates of Connection failures due to high interference could be to change power control.  

Observation 10: UL power control in hetnet is complex, and dependent on cell size. 
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