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1
Introduction
It was discussed in past meetings that proposals to standardise context fetch carried the drawback of placing mobility performance out of network control. Hence, when to trigger mobility procedures, how to select mobility target cells and how robust mobility performance is, becomes highly dependent on UE implementation. 

This concern was clearly pointed out by RAN2 in their LS to RAN3 in [1], where the following was stated:
“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”
It was also previously explained that Context Fetch, or so called Forward Handovers, have been discussed several times in 3GPP, with a consistent outcome of not agreeing to any such mechanisms due to the principle that the network should remain in control of how to select an handover target and of when to trigger mobility procedures.

In this paper the shortfalls of Context Fetch that discourage from applying further changes to standardisation are re-iterated, pointing at a way forward where Context Fetch can be supported by means of existing specifications.

In a related paper (see [4]) it is shown how further introduction of Context Fetch in specifications would call for a number of impacts on existing functions, which would need to be addressed by means of changes to the UE and to the network. 
2
Analysis of Context Fetch solutions

The generic procedures so far discussed for Context Fetch are shown in Figure 1.
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Figure 1: Context Fetch procedures Discussed so far
It shall be noted that it was explained in previous contributions such as [5] that fetching context by means of the RLF Indication procedure is already possible without any changes to the standard. Similarly to other functions such as Multiple Cell Preparation, context fetch could exist as a function without the need of any further standardisation but supportable by means of implementation because existing procedures already allow for Context Fetch to be enabled.
2.1 Reliability of UE based Re-establishment Cell Selection

Context Fetch is based on the cell selection procedure, which determines the target cell for mobility.

In order to understand why Context Fetch and Forward Handovers deny the RAN from maintaining control of the HO target cell selection, it was explained in [2] that the re-establishment criteria followed by the UE is subject to the following shortfalls.
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. 
Making mobility performance dependent on UE implementations is something that 3GPP has purposely avoided so far. 

In fact, even if context fetch might appear as a quick and easy solution to badly configured networks or to cases of unpredictable radio link failures, this is not the case. 

Features like load balancing, mobility robustness optimisation, handover function may be destabilised by UE implementation diversity (as described in [4]) and by the fact that mobility is not triggered by following legacy mobility procedures.
Therefore, context fetch exposes mobility performance and other functions linked to mobility procedures/functions 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.

Indeed, if a reliable estimation needs to be made concerning how robust a re-establishment cell is for the purpose of mobility, a comprehensive solution would consist of letting the UE report re-establishment measurements at re-establishment request. 

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 both in terms of RSRP and RSRQ measurements. 
If a UE selects a neighbour small cell with apparently good signal strength as re-establishment cell and if Context Fetch was triggered to allow mobility to that cell, it is likely that the small cell would shortly after become unsuitable to serve the UE and a new RLF would likely be experienced.
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, shared cells, CSG and hybrid 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. 
Further, CSG cells might not be accessible while shared cells might be accessible only on some of the PLMNs supported. 

The fact that the UE is unaware of network topology, that is not able to correctly select a cell on the basis of its mobility status (e.g. macro cell if in high speed mobility) and that it does not provide measurement reports allowing the network to understand e.g. to which PLMN or CSG the UE can be handed over, implies that the UE may often select unsuitable HO target cells. This phenomenon is outlined in Figure 2. 
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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 signal (RSRP or 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. 

Following the cell selection criteria the UE will select a re-establishment cell that appears temporarily the strongest or that appears accessible. 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
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
Conclusions on Context Fetch and Proposal
As described above, and discussed in previous meetings, Context Fetch cannot be seen as the solution to the root cause of unsuccessful re-establishments. 
Even if in some cases Context Fetch facilitates successful re-establishments, Context Fetch subtracts the RAN from being in control of selecting mobility targets and triggering mobility procedures. Further, Context Fetch opens the door to UE implementation dependent mobility performance. 

On the other hand there are other functions that have been specified in order to take care of addressing the root cause of RLFs and to prevent from unsuccessful RRC re-establishments. Some of these functions are:

· Multiple Cell Preparation

· Mobility Robustness Optimisation

· eICIC

· FeICIC, i.e. interference cancelation capable receivers

· Dual connectivity

It is also exemplified in [4] that standardisation of Context Fetch may have an effect on a number of existing functions and would need changes to the UE and network in order to be fully interoperable with existing features.

It was highlighted in a previous contribution (see [3]) that re-establishment failures amount to a very small percentage of all attempted handovers, i.e. about 1%. 

Therefore, it would look counter productive and inefficient to trigger the extensive amount of standardisation changes required by Context Fetch (as in examples listed in [4]) for the purpose of enabling a mechanism that gives less mobility control to the RAN, that makes mobility performance UE implementation dependent and that addresses a very small percentage of failures. 
It is plausible that some vendors may decide to support context fetch, in order to provide a delta improvement, however small that is, to re-establishment success rates. This would be possible because it was explained in [5] that current procedures allow for support of context fetch. But such a solution would only be used as a last resort to avoid dropping calls when all other means have been exhausted. 
Hence, this solution should not come with the consequences of having to change several parts of the current specifications, which would translate into a mandate in changing implementations.
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 implementation specific.

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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