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1
Introduction
During RAN3#83bis intense discussions on whether context fetch solutions for forward handovers are suitable for standardisation were carried out. 

Some important points were left for further discussions, mainly related to the following requirement from RAN2, captured in [1]:

“RAN2 thinks that it should be ensured that UEs cannot bypass network controlled mobility or at least have no incentive to do so, due to the introduction of the context fetch”

In other words, the action of fetching a UE context based on a target cell selection decision made by the UE alone may expose the network to uncontrollable performance, which depends on the differences amongst multi-vendor UE implementations.

Such way of performing mobility is known through literature as “forward handover”.
Forward Handovers proposals were discussed at least within the course of Release 5, 6, 7 and 9 in RAN1, RAN2 and RAN3 see [3], [4], [5].
In all instances of these discussions the proposals were not accepted and no standard changes were agreed, but rather context fetch adoption was left to implementation specific means. The underlying reason for this repeated position within 3GPP groups is that mobility procedures should be kept within RAN control. 
In this paper it is explained why standardisation of Context Fetch and Forward Handover procedures are not suitable for standardisation and why they expose the RAN to the risk of losing control of mobility performance.
2
Analysis of Context Fetch solutions

2.1 Reliability of UE based Re-establishment Cell Selection

In order to understand why Context Fetch and Forward Handovers deny the RAN from maintaining control of the HO target cell selection, the re-establishment criteria followed by the UE need to be analysed.
The only rules specified for cell selection criteria used to select a re-establishment cell are specified in TS36.304 and reported below:

--------------------------------------------------------------------------------------------------------------------------------

5.2.3
Cell Selection process

5.2.3.1
Description

The UE shall use one of the following two cell selection procedures:

a)
Initial Cell Selection


This procedure requires no prior knowledge of which RF channels are E-UTRA carriers. The UE shall scan all RF channels in the E-UTRA bands according to its capabilities to find a suitable cell. On each carrier frequency, the UE need only search for the strongest cell. Once a suitable cell is found this cell shall be selected.

b)
Stored Information Cell Selection


This procedure requires stored information of carrier frequencies and optionally also information on cell parameters, from previously received measurement control information elements or from previously detected cells. Once the UE has found a suitable cell the UE shall select it. If no suitable cell is found the Initial Cell Selection procedure shall be started.

NOTE:
Priorities between different frequencies or RATs provided to the UE by system information or dedicated signalling are not used in the cell selection process.

5.2.3.2
Cell Selection Criterion

The cell selection criterion S is fulfilled when:

	Srxlev > 0  AND  Squal > 0


--------------------------------------------------------------------------------------------------------------------------------

From the above it can be deduced that the process of cell selection is much less accurate and precise than the process of measurement reporting based on mobility events.

In fact, in the event-based measurements reporting mechanism used for active mode mobility, the RAN is able to specify frequencies to be scanned, cell/frequency priorities, cells not to be selected, Time To Trigger, Mobility Offsets, Hysteresis etc.

On the contrary, in the cell selection process used for re-establishment cell selection the following is possible: 

1) Re-establishment cell selection may be purely based on information stored by the UE (e.g. frequencies, previously measured cells). Hence the UE may not even check all available cells in the neighbourhood and only select from a set of pre-stored targets.
2) Re-establishment cell selection does not consider any RAT or frequency priority. Hence the UE may choose a re-establishment cell not in line with the operator’s prioritisation policy, e.g. due to load balancing or traffic migration to specific RATs/frequencies.

3) Re-establishment cell selection is purely based on the following criteria:

Srxlev > 0  AND  Squal > 0

Where Srxlev can be compared to an RSRP threshold and Squal can be compared to an RSRQ threshold. 
There is no “time to trigger” in the criteria for cell selection. Namely, it is completely UE specific how long to wait before declaring that a cell is a stable/suitable re-establishment cell. The simplest UE implementation would consist of measuring a cell for as little time as possible. Hence, the lack of time to trigger raises the problem of selecting a cell that after selection becomes un-suitable.
4) A UE selecting a re-establishment cell is not aware of the topology of the network. For example: a UE moving at high speed may autonomously select a small cell, leading to a too late handover RLF. This is very likely in a HetNet deployment. 

From the above it is clear that cell selection criteria are highly dependent on UE implementations. Further, it is well known that there are UE implementations performing “less optimally” than others. This is already a concern to operators, as confirmed during discussions on IMEISV proposals. In addition it should be considered that malicious attacks to destabilise RAN performance and mobility procedures could be attempted by means of rogue UEs re-establishing to unsuitable HO target cells. By standardising support of Context Fetch this risk increases considerably. 

Therefore, context fetch exposes mobility performance to the risk of badly implemented UEs.
Conclusion 1: The mechanism of cell selection used for re-establishment is not reliable for the purpose of selecting an HO target cell and its performance depends on different UE implementations. This deprives the RAN of full control of Handover procedures triggering and impacts mobility performance
2.2 Can the RAN Evaluate Robustness of Re-establishment Cell?
During RAN3#83bis there were claims that the source eNB receiving the Context Fetch request and triggering HO preparation towards the re-establishment cell has enough information to judge whether the re-establishment cell is a suitable HO target. This is because the source eNB may have the measurement results collected by the UE before the failure.

Let’s analyse how long it may pass from receiving the last measurement report to receiving a Context Fetch request. The following timers need to pass from the moment when the UE starts experiencing physical layer problems to the time when re-establishment occurs:

1) UE needs to record N310 instances of out-of-sync events. Max value of N310 is 20, which equals to  a time window of 200ms

2) After N310 expires, timer T310 is started. If the UE cannot recover from physical layer problems within this timer, an RLF will be declared. T310 maximum value is 2000ms

3) After T310 is elapsed the UE declares RLF and it starts to search for a re-establishment cell. Such search happens within timer T311. The maximum value of T311 is 30 seconds.
4) Context Fetch needs to be triggered by sending a message from re-establishment eNB to source eNB. This will add a delay dependent on the backhaul performance.

Therefore, it is very plausible to state that the last UE measurements the source eNB can rely on for evaluation of re-establishment cell are at least a few seconds old, with a maximum age of 32.2 seconds (excluding the backhaul delay to send a context fetch request from target to source eNB).

The latter implies that the latest measurements available at source eNB are not reliable for the purpose of evaluating how suitable the re-establishment cell is for handovers. This is especially true in HetNet, where cell signals are subject to quick degradations and fast rises.

Conclusion 2: The RAN does not hold reliable information to evaluate suitability of the re-establishment cell as an HO target cell.
2.3 Is Context Fetch the right solution for HetNet?
In [2] it was explained how neighbour cell measurements in a dense HetNet environment can change very quickly. In [2] RSRP measurements collected for a neighbour cell signal in a dense HetNet deployment are shown. While it is seen that RSRP measurements in HetNet deployments can change rapidly, it is even more evident that RSRQ measurements, i.e. measurements taking into consideration interference from neighbour cells, vary even more unpredictably and abruptly. Figure 1 shows RSRQ measurements collected by a UE moving in a dense HetNet environment for a relatively short distance. The neighbour cell measured is a small cell within serving macro coverage. Hence, the cell measured is certainly a potential handover target when the UE is in serving macro as well as a potential re-establishment cell in cases of RLF.
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Figure 1: Neighbour cell RSRQ measurements logged at UE during HetNet deployment trial
It can be seen that the neighbour cell’s RSRQ measured by the UE fluctuates rather rapidly mainly because of:

1) Fast signal fading

2) Changes of interference levels from neighbouring cells

It is obvious that if a UE selected the neighbour cell with RSRQ shown in Figure 1 as re-establishment cell during a period of good RSRQ measurements and if Context Fetch was triggered towards source eNB, the cell would shortly after become unsuitable to serve the UE and a new RLF would likely be experienced.
This is similar to what shown in [2], where it is shown that if a handover is triggered towards an unsuitable target cell chosen by means of re-establishment cell selection, then a new RLF could shortly follow successful handover. If this event is evaluated in the context of HetNet deployments, it is likely that HO procedures triggered by context fetch would generate a series of RLFs. This is because HetNet deployments are characterised by a potentially dense mixture of small and large coverage cells. Small cells’ signals would be stronger than wide area coverage cells for a small coverage area, hence they can be selected as strongest re-establishment cell by the UE. However, the fact that the UE is unaware of network topology and is not able to correctly select a cell on the basis of its mobility status, implies that the UE may often select unsuitable HO target cells. This phenomenon is outlined in Figure 2. 

 
[image: image2.emf]Cell1a

Cell1b

Cell1c

Cell1d

Macro 1

RSRQ

UE

Re-establishment and Context Fetch Handover

RLF


Figure 2: Example of re-establishments to temporarily strongest signals followed by RLFs

In Figure 2 a UE is moving at moderate speed in a dense HetNet environment. Per cell RSRQ has been represented approximately with the purpose of showing that a small cell signal can temporarily appear as the strongest signal but may not be associated with the best HO target. Note that the same example could have been made with RSRP as shown in [2].

Following the cell selection criteria the UE will select a re-establishment cell that appears temporarily the strongest. However, the UE is unaware of the network topology and would not understand that small cells are not reliable HO targets given the UE’s mobility state.
Due to sudden drops of small cells signals the UE is subject to RLF for too late HO, followed by a new re-establishment and Context Fetch induced handover towards another unsuitable small cell.

Therefore, the result of triggering HO procedures purely on the bases of re-establishment cell selection is the following:

· High number of RLFs due to unreliable HO target selection made solely by the UE. This would not have occurred if the HO was network controlled
· High numbers of RLF Reports signalling and triggering of MRO procedures, which would not have been triggered if the HO was network controlled

· As a consequence, MRO procedures need to distinguish and filter out RLFs due to wrong HO target selection and RLF due to genuinely bad mobility parameters settings 

· Mobility KPIs need to be split in two: failures due to badly selected HO targets via Context Fetch and failures due to coverage holes or badly configured mobility parameters. 

· The requirement of distinguishing between “genuine” mobility failures (e.g. due to coverage holes) and mobility failures induced by bad cell reselection is pushed to the RAN, which will have to somehow sort out statistics and KPIs
· Impacts on MDT: RLF Reports are signalled as part of MDT traces. While in MRO it is possible to use information stored in last serving cell (e.g. UE context) to distinguish whether an RLF Report is triggered by Context Fetch or not, the same does not occur in MDT, where all RLF Reports are treated equally. Therefore, MDT data and algorithms may be affected. 

· Destabilisation of Load Balancing: it is up to the RAN to re-steer the UE towards the opportune RAT/frequency/ cell in line with the load balancing policy in operation. The UE is free to select a re-establishment cell irrespectively of load balancing policies.
Conclusion 3: In dense HetNet deployments careful selection of HO target cells is important. Context Fetch is suboptimal in these cases due to the unreliability of selecting a HO target cell via cell selection procedures 
3
Considerations on Context Fetch Solutions

As described in [2] a typical failure rate in a network where network planning has been carried out to a reasonable extent is of around 1%. This rate of failure can be greatly reduced by using adaptive mechanisms for fast RLF recovery and mobility failure resolution to reduce the risk of RLF such as:
· Multiple Cell Preparation

· Mobility Robustness Optimisation

· eICIC

· FeICIC, i.e. interference cancelation capable receivers

· Dual connectivity

Hence the value of the context fetch solution is deemed to reduce and become negligible with deployment of these features.

Conclusion 4: Context Fetch solutions have a limited value, which is reduced by support of features improving mobility performance.
In general, when considering the role of the RAN in accepting or rejecting the context fetch request and trigger HO preparation towards a given re-establishment cell, the RAN is limited to two options: 
1) Accept the Context Fetch request 
2) Reject the request on the basis of static rules, which do not take into consideration the dynamic nature of signal strength/quality.

In practice it is plausible to think that if an eNB receives a Context Fetch request, the most likely outcome is to accept the request and to trigger a handover procedure. This is because the eNB has no means to evaluate the appropriateness of the HO target selection (no cell selection measurements are available) and has to trust a decision made by the UE.
The latter means that control of mobility performance, control of when to start handover procedures and control of handover target selection is moved from the RAN to the UE.
Conclusion 5: Context Fetch solutions move control of mobility performance, control of when to start handover procedures and control of handover target selection from the RAN to the UE
4
Conclusions
In this paper Context Fetch solutions have been analysed. It has been shown that context fetch is based on cell selection criteria, which are unreliable and UE implementation dependent. It has also been shown that Context Fetch is not efficient in cases of HetNet deployments and that the RAN has no control over selection of the handover target cell chosen for re-establishment.

The above was captured in the following conclusions:

Conclusion 1: The mechanism of cell selection used for re-establishment is not reliable for the purpose of selecting an HO target cell and its performance depends on different UE implementations. This deprives the RAN of full control of Handover procedures triggering and impacts mobility performance
Conclusion 2: The RAN does not hold reliable information to evaluate suitability of re-establishment cell as an HO target cell.
Conclusion 3: In dense HetNet deployments careful selection of HO target cells is important. Context Fetch is suboptimal in these cases due to the unreliability of selecting a HO target cell via cell selection procedures 

Conclusion 4: Context Fetch solutions have a limited value, which is reduced by support of features improving mobility performance.

Conclusion 5: Context Fetch solutions move control of mobility performance, control of when to start handover procedures and control of handover target selection from the RAN to the UE

Certainly Context Fetch can be seen as an interim solution for cases of sub-optimally planned networks, but its value would reduce once network planning is optimised and adaptive failure resolution solutions are adopted.
It is therefore proposed that context fetch solutions are not introduced in the standard due to their limited gain and considerable impact on existing functions. It is instead recommended to acknowledge that such solutions are applicable either as implementation specific or as proprietary implementations.

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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