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1
Introduction
In this paper we formally submit the input towards the signalling analysis for Proposal #10b (Gray-listing) that we distributed on the RAN2 email reflector during the email discussion “[83#12][LTE/Het-Net] Evaluate UE based solutions for mobility robustness”.  

2
Background
In RAN2#83 the following plan regarding an email discussion on LTE HetNet mobility robustness topic was agreed:

[83#12][LTE/Het-Net] Evaluate UE based solutions for mobility robustness (ALU). 

-
Should discuss signalling aspects, HO robustness, stability, …

-
Should understand the different solutions, how they perform, what configuration they require, in which scenarios they are applicable.

=>
Intended outcome: Email discussion summary
This email discussion took place between 5 September and 27 September 2013. A summary of the email discussion can be found in [1]. As part of this email discussion one of the input we presented is the signalling analysis for our solution “Gray-listing” which was labelled “Proposal #10b”. In this paper we formally present again this signalling analysis.
3
Signalling analysis for Gray-listing proposal #10b
3.1
Overview
In the previous contribution, [2], we have summarized the mobility performance results for “Gray-listing”, which is the “Proposal #10b” in current e-mail discussion, “[83#12][LTE/Het-Net] Evaluate UE based solutions for mobility robustness”. This shows a gain in terms of lowering the amount of link failures, RLF and HOF, and short times of stay, SToS. 

As requested, in particular as part of the [83#12] e-mail discussion, this contribution provides an analysis of the signaling impact of Gray-listing. The first section is a qualitative analysis that clarifies the signaling that is considered, and considers the expected impact. The second section presents a quantitative analysis based on counters of the considered signaling events as collected from simulations.

Note that all arguments apply to co-channel deployment of small cells, which should be clear from the context, i.e. scenario as by TR 36.839 large area simulations.
3.2
Qualitative observations
The objective of Gray-listing is to prevent fast moving UEs from entering small cells, in order to avoid the increased likelihood of link failures, especially when the UE leaves the small cell, the effect of which has been identified by RAN2, e.g. TR 36.839. This has been clearly demonstrated in several contributions.

In the following we consider the operation of Gray-listing in terms of mobility, and consider the related impact on signaling.

The primary function is to keep fast moving UEs from connecting to small cells. This has the following impact on signaling:
•
The UE does not report the small cell, i.e. the A3 event entry condition is ignored. This implies that a measurement report is not sent, which means less RRC signaling.

•
As a consequence of the above, the network does not initiate handover towards the small cell, since it receives no measurement report. This implies less RRC signaling, e.g. HO_CMD, and less X2 signaling, e.g. handover preparation.

•
The result is that a fast moving UE may pass a small cell with temporary poor radio conditions, and regain good conditions when leaving the small cell. Only if the UE should be out of sync for more than T310 will an RLF be declared. This is, however, less likely than an RLF or HOF caused if the UE had performed handover to small cell, as simulations show gains in RLF and HOF. The signaling impact is that most passes by fast UEs are done without performing handover, as stated above.

A secondary function is the escape mechanism which is to apply for fast UE the A5 (i.e. serving worse than threshold and neighbor above threshold,) triggered measurement reporting towards the small cell, such that if radio conditions on the current PCell gets very bad, the UE will anyway perform a handover, since it is anyway heading for a RLF.
•
The signaling involved in the handover when escape mechanism is applied is same as usual, so this is neutral in terms of impact on signaling.

•
There is a high likelihood of an eventual link failure, either when entering, or more likely when leaving the small cell, but some UEs will succeed to access the cell. Actually, with the given condition for entry, the UE is heading for the inner part of the small cell, which implies a longer stay, and better time for triggering the handout. The signaling impact for handling this link failure in small cell is same as for the primary function, i.e. related to re-establishment of the RRC connection, only in this case the target for re-establishment may be the previous PCell (likely macro), or a third a neighboring cell (macro or small cell).  
Based on the above qualitative observations we have concluded that the Gray-listing provides a gain both in terms of mobility performance and in terms of RRC signaling, and X2 (alternatively S1) signaling.

The latter is due to less handover preparations.

A further observation is that in a system with low number of link failures per handover, the number of mobility related events is dominated by the higher rate of handover, which means that the impact of Gray-listing on signaling is mainly due to decrease in handover than in link failures.   

Note that RRC Connection Reconfiguration is performed as usual, that is when entering a new cell. The Gray-list is assumed to be provided by this message. The Gray-list does apply more to the area, primarily the cell density, and not to the individual cell. This means that the same Gray-list will be provided in accessing a macro or a pico in a given area, and the list does not have to be updated often, even when a fast UE is passing multiple small cells. This UE will eventually enter a new cell, most likely but not necessarily a macro, and the Gray-list provided by this cell may differ somewhat from the previous one. In the rare case that a UE moves so far that the Gray-list is void, in the sense than the neighboring small cells are no longer on the list, the UE will likely access one of these, and will get an updated Gray-list. In the context of this contribution the main point is that there is no need for constant reconfigurations to keep the Gray-list updated.
3.3
Quantitative observations
Instead of running new simulations with emphasis on signaling analysis we have tried to use the existing simulation results to interpret the signaling impacts. See appendix for details.

To quantize the impacts of Gray-listing we have considered counters of events, like measurement report, initiation of handover, and RRC re-establishment regarding RRC, and handover preparation regarding X2. Each event implies several messages, e.g. a request and a reply, but the amount of signaling will be proportional to the number of events. So, we could get some idea of the signaling gains from checking the HO/UE/s and RLF/UE/s events and comparing these events for the baseline case of no Gray-listing and the Gray-listing case.

When applying the above quantitative method based on results shown in [2] we get the results, as presented in the following tables. These present counters are normalized to the case of no Gray-listing, which mean that the gains are readily seen.

Table 1 RRC signaling gains considering the A3 measurement reports
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The assumption is that when an A3 measurement report is sent the network initiates a handover. Some portion of the handovers fails, so the rate of A3 measurement reports equals the sum of the rates of handover and handover failure. There may be A3 reports sent for multiple cells close to the same time, so that only one of these is initiating a handover. Simulations show that this is a rare event that will only have a slight impact on the gains. Also, it has a positive impact on the gains, since with GL most of the neighboring cells will be grey-listed, which makes multiple triggers an extremely rare event.

Observe that there is much less gains at low small cell density, i.e. 4 pico. This is caused by the lesser likelihood for a fast moving UE to pass a small cell. Since Grey-listing operates on small cells, the gains increase with the density. 

The number of mobility events, and related signaling, is much lower at lower speed and lower cell density. [2] shows a factor 2 more mobility events (HO+HOF+RLF) at 120 kmph compared to 30 kmph, and also a factor of 2 at 10 picos compared to 4 picos. This means that a given gain in the signaling related to these events corresponds to 4 times less messages at 30 kmph and 4 picos as at 120 kmph and 10 picos. So the extra 1-2% messages required at low cell density and speed are few compared to the 10-20% fewer messages required at high cell density and speed. In a real network the cell densities and UE speeds vary and are mixed, in which case there will be an overall gain.

Table 2 RRC signaling gains when considering RRC Connection Reestablishment
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The RRC Connection Reestablishment is only performed as recovery from a link failure, which means that the number of handovers does not have influence. The primary gain of Gray-listing is lowering of the link failures, although also the number of handovers goes down. This is the cause for the much higher gains achieved in this case.

We are aware of the shortcomings of this analysis, as opposed to a thorough analysis based on a proper protocol implementation. The key point is the correlation between the counted events and the amount of signaling. We believe this to be a fair assumption and that results have good accuracy. Alternatively we refer to the qualitative analysis that basically argues that the two main functions of Gray-listing designed to improve mobility performance will, if working properly, not require increased signaling, neither on RRC nor X2. Not triggering handover into a small cell will lower the signaling, and the escape mechanism triggers a normal handover, which is neutral regarding signaling.
Appendix
This section shows the statistics on which the presented analysis is based. The mobility statistics are as presented in [2], see this for a description of the scenario.
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Figure 1 The rate of handover
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Figure 2 The rate of handover failure
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Figure 3 The rate of radio link failure
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Figure 4 Summary of data as shown on Figs 1, 2, and 3
As an example of the applied method, we consider RRC Connection Re-establishment. This procedure is performed once for every HOF or RLF. It involves transfer of multiple messages, but for this analysis we assume that the total amount of signaling is proportional to the number of time the procedure is executed. This means adding the rates of HOF and RLF to get the rate of connection re-establishments, and calculate the gain as    1 - value(GL)/value(noGL).
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Figure 5 Example calculation of signaling gain
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