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1
Introduction
In [1] an overview of why allowing changes to the standard in order to specify more procedures in support of context fetch was provided. In this paper an analysis of the impact that context fetch would have on existing functions is provided. 

Such impact comes from the fact that a number of existing functions rely on the assumption that mobility is under full network control, namely that mobility (i.e. moving of a UE context from an eNB to another) occurs by receiving measurement reports, selecting opportune target cells and triggering mobility procedures as currently specified. Therefore, introducing context fetch would destabilise such functions and lead to performance degradations.
2
Impact of Context Fetch on Existing Functions

In this section the impacts of Context Fetch on existing functions are captured. Note that in most of the cases these impacts are due to the fact that Context Fetch uses the cell selection procedure as a tool to trigger transfer of a UE context to a new cell and activate bearers in such cell. 

Below it is explained how certain functions would be impacted.
2.1

Impact on MRO

As explained in [1], Context Fetch triggers mobility procedures or in general fetches context towards a cell that has not being selected as mobility target by the source eNB. In a HetNet deployment this can lead to a chain of Radio Link Failures, followed by re-establishment attempts as shown in Figure 2 of [1]. The higher number of RLFs will translate into a higher number of RLF Reports and MRO statistics. 

However, as pointed out above, cell selection criteria do not mirror handover criteria. It would therefore be inappropriate for MRO to take into account RLF events caused by badly selected target cells, i.e. selected by Context Fetch procedures. 
In other words, legacy MRO will take RLF reports relative to too late HO, too early HO or HO to wrong cell into account in the attempt to optimise HO parameters. Context Fetch can be triggered even if there are no HO events. 
However, Context Fetch related RLFs cannot be distinguished from HO related RLFs (e.g. consider RLF Report s in MDT Traces), unless UE changes are introduced that indicate in the RLF Report a Context Fetch dependency. 
Alternatively, Context Fetch should be triggered only in cases of mobility related failures, i.e. only if HO measurement Reports are available and the failure is caused by badly configured HO parameters.   

Conclusion 1: Context Fetch has an impact on MRO, which cannot be solved for legacy UEs and networks. Addressing such issue implies changes to UEs and network nodes.
2.2

Consequence of Mobility to CSG Cells

Mobility to CSG cells is regulated by specific UE procedures for which a UE reports a proximity indication to source eNB, followed by measurements on target CSG cells that include a Membership Indication (i.e. a member/non-member indication).

Based on this information the source eNB is able to trigger handovers towards the target CSG Cell only if the UE states to be a member.

During cell selection procedures a selected cell has to be “suitable”, i.e. “the cell is a CSG member cell for the UE”. 

In light of the above it has to be noted that the preliminary access control performed by the UE by comparing the target CSG cell information with its CSG whitelist is not a trustable access control procedure because the UE whitelist could be out of date or rogue. Therefore, a full access control procedure can only be achieved by means of S1 handover procedures, where the MME can check if the UE is really a member of the target CSG.
Observation 1: In order to properly regulate UE access to CSG cells Context Fetch Procedures need to rely on Handover Procedures.
2.3

Impact on Mobility to Hybrid Cells

UE mobility and UE access via cell selection to Hybrid Cells is always allowed because a hybrid cell is open to all UEs. Hence, provided that one of the PLMN IDs broadcast by the Hybrid cell is suitable for the UE, such cell is always suitable for cell selection. 

In the case of context fetch a UE is free to select a hybrid cell for re-establishment purposes and therefore trigger mobility procedures towards that cell for context fetching purposes.

However, mobility to Hybrid cells is regulated by a first step where the UE provides a membership indication to the source eNB (i.e. a member/non-member indication for the hybrid cell’s CSG ID). This indication is then added to the handover message towards the target eNB and in case such information is not provided current specifications mandate that the handover shall be failed.
For example, TS36.423 states that:

“If the target eNB receives a HANDOVER REQUEST message which does not contain the CSG Membership Status IE, and the target cell is a hybrid cell, the target eNB shall reject the procedure using the HANDOVER PREPARATION FAILURE message.”

Obviously, in a Context Fetch triggered mobility procedure a Membership Indication will not be provided by the UE because not included in the re-establishment message.

Hence, there are two possible outcomes of context fetch triggered re-establishment to a Hybrid cell:

1) The mobility to the hybrid cell is going to fail due to absence of Membership Status IE in handover message to target eNB. The failure procedures would delay the UE from going to Idle and attempt NAS recovery.

2) The source eNB may assume that a set value for the Membership Status can be included in the handover message, e.g. it may always set the value to “non-member”. However, this will imply a potentially erroneous treatment of the UE in the Hybrid cell. In fact, a UE that is member to the Hybrid cell would be treated as non-member and possibly rejectd at handover request. The latter would not happen if the UE attempts NAS recovery from Idle.

Conclusion 2: Context Fetch towards hybrid cells may incur either in re-establishment failures or in unfair treatment of UEs at target hybrid cell

2.4
Impact on Mobility to Shared CSG and Hybrid Cells

During the process of cell selection a cell is considered suitable if at least one of the PLMN IDs broadcast by this cell is accessible by the UE. 
If the cell is a CSG cell, it is suitable if at least one tuple <CSG ID, PLMN ID> broadcast by the cell is accessible by the UE.

The feature of mobility to shared CSG cells allows a UE to indicate to source eNB the PLMN IDs for which the target <CSG ID, PLMN ID> tuples pass the initial access check performed by the UE. On the basis of this information the source eNB can identify the target PLMN ID to include in the handover messages. Consequently the UE can successfully be admitted in the target cell under 

· An accessible PLMN ID and CSG ID in the case of target shared CSG cells

· A member PLMN ID and CSG ID, if available, in the case of target hybrid CSG cells

Obviously, in the case of context fetch the information regarding the PLMN ID list for which the target <CSG ID, PLMN ID> tuples pass the initial access check performed by the UE is not going to be available because this information is not included in the re-establishment message.

As a consequence, the target PLMN ID selected at target eNB for UE access would be purely random (within the list of allowed PLMN IDs for the UE). The latter will lead to the following drawbacks:

· In case of CSG cells the UE may be admitted to a PLMN ID for which the cell is a non member cell. In this case the UE access will fail. The failure procedures would delay the UE from going to Idle and attempt NAS recovery.

· In case of Hybrid cells the UE may be admitted to a PLMN ID for which it is non-member, while there are other PLMN IDs for which it is member. 
This would lead to the UE being treated with low priority, while in the same cell it could be treated with high priority.

Conclusion 3: Context Fetch towards shared CSG and hybrid cells may incur either in re-establishment failures or in unfair treatment of UEs at target shared cell
2.5

Impact on OAM Statistics

A wide range of statistics are reported to the OAM system to enhance visibility and trouble shooting.

For example, in TS32.425 statistics regarding re-establishment and handover events are specified.
in particular, re-establishment statistics are provided on  a per re-establishment cause basis, where the re-establishment cause is defined in TS36.331. the reported statistics are:
· Attempted RRC Re-establishments per re-establishment cause

· Successful RRC Re-establishment per re-establishment cause

· Failed RRC Re-establishment per re-establishment cause

Obviously, in the case of Context Fetch it is not possible to distinguish between re-establishemnts that succeeded thanks to context fetching, or without context fetching.
Similarly, it would not be possible to distinguish between re-establishment that failed for context fetch related reasons or for other reasons.

The reason for this lack of visibility is in the lack of opportune re-establishment causes. 
Re-establishment cause value definitions are part of TS36.331. Hence, providing re-establishment causes that allowed to distinguish context fetch related cases from other cases would imply changes to the UE.
Conclusion 4: Context Fetch introduces ambiguity in the re-establishment statistics and degrades events visibility across the network

Similarly, for the case of handover events there are numerous statistics reported to the OAM system. For example, TS32.425 lists the following statistics amongst others:
· Attempted outgoing inter-eNB handover preparations

· Attempted outgoing inter-eNB handover executions per handover cause

· Successful outgoing inter-eNB handover executions per handover cause

· Attempted outgoing handovers per handover cause (i.e. attempted outgoing HOs per cause value and per target cell)

· Successful outgoing handovers per handover cause (i.e. successful outgoing HOs per cause value and per target cell)

· Number of handover failures related with MRO (i.e. number of outgoing handover related events that fail related with MRO)
It should first of all be specified that in the case of Context Fetch it is not possible to distinguish between genuinely triggered handovers (i.e. following measurement reports and source eNB HO decision) and context fetch triggered handovers. Consequently, it is also impossible to deduce the number of unsuccessful handovers due to Context Fetch procedures failure or due to failures during legacy handover procedures.

Secondly, it should be noticed that there is a counter for handover failures related with MRO. This counter provides the number of handover failed and triggering MRO. 

In Context Fetch, there may be two handover procedures per RLF: one procedure for mobility, the other for context fetching. Therefore, the “Number of handover failures related with MRO” statistics become ambiguous because it is unclear whether they should count for both failed handover procedures for mobility and handover procedures for context fetching or whether they should only count for failed handover procedures for mobility, leaving the context fetch mobility procedures as part of attempted/successful handover counters, which would also be incorrect.
Conclusion 5: The introduction of Context Fetch creates ambiguity to handover statistics

2.6

Impact on MDT

In an MDT trace a series of events and statistics are recorded. For example, the MDT trace reports connection establishments statistics, re-establishment events and RLF Reports. This information should support functions like coverage and capacity optimisation. It is therefore useful for such functions to know the exact outcome of a re-establishment in order to optimise coverage and capacity. Namely, it would be useful to know if a re-establishment procedure has succeeded without context fetching or if context fetching was needed.
With Context Fetch the outcome of a cell re-establishment could virtually be always successful. If all cell re-establishment events were reported as successful it would be difficult to deduce coverage and capacity issues. 

Namely, Context Fetch would hide the fact that there was a failure followed by an unsuccessful re-establishment. The latter information may be useful to optimise configuration of neighbour cell relations or to optimise configuration of multiple HO preparation. Once this information is hidden a number of optimisation actions will be prevented. 
Further, MDT Traces include RLF Reports. These reports could be the result of RLFs caused by badly selected mobility target cells, as explained in the example of Figure 1. 
The RLF Reports included in MDT traces can be used for Mobility Robustness Optimisation, Coverage and Capacity optimisation 

Therefore, the RLF Reports stored in MDT traces should be separated between RLF Reports due to Context Fetch triggered mobility and legacy RLF Reports. However, this is not possible for legacy UEs and will imply impact on future UEs if addressed.
Conclusion 6: Context Fetch impacts MDT and the use of MDT Traces for coverage, capacity and mobility parameters optimisation.

2.7

Impact on Mobility Load Balancing

Due to the phenomenon of repeated RLF experienced in HetNet deployment when Context Fetch is enabled, the load balancing function may be impacted. 
In fact, during cell selection procedures RAT or frequency priorities are not considered by the UE. Similarly, neighbour cell load is not taken into account during the cell selection. As a consequence load balancing may be destabilised because re-establishing UEs may select overloaded cells or de-prioritised RATs/frequencies. 

The RAN will therefore have to take the burden of re-steering UEs towards the appropriate cells/frequencies/RATs. The latter would not happen if functions allowing mobility robustness and coverage optimisation were allowed to fix the root cause of RLFs. In this case RAN controlled mobility would steer traffic amongst cells in the most optimised way.

Conclusion 7: Context Fetch may destabilise Load Balancing due to the lack of consideration for RAT/frequency priorities and cell loads during cell selection.

3
Conclusions 

In this paper it is explained how context fetch can impact existing features either by triggering error conditions or by destabilising their normal behaviour. 

The paper highlights that, unlike previously stated, the introduction of a solution for Context Fetch is not isolated to a single procedure, but has repercussions on the whole LTE system.

Further, the paper observes how procedures to retrieve the UE context and allow the UE to connect to a re-establishment cell need to be necessarily the handover procedures, due to the access control and membership verification functions supported via such procedures.
Hence, the paper corroborates the conclusions presented in [1] and proposes a similar way forward:
Proposal: it is proposed to agree that the use of Context Fetch solutions is implementation specific and therefore these solutions would need no changes in the standard. 
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