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1 Introduction

In the RAN2#82 meeting in Fukuoka, RAN2 agreed that providing mobility information upon idle to connected transition is beneficial.

	Agreements
1
The UE shall provide mobility information to the network at RRC connection setup. The details (granularity, …) are FFS. 




In the RAN2#83 meeting in Barcelona, RAN2 discussed this topic and made the following conclusions:
=>
We should evaluate more in detail how accurate information is required for which use case (for different use cases)

=>
We should also discuss how the information can be transferred (e.g. will the eNB get a complete history before the RRCConnectionReconfiguration used to setup the DRBs?).

=>
Can also consider to re-use e.g. MDT functionality.  

In this paper we address these open issues by investigating the performance of a network-based mobility state estimation algorithm for various cell list lengths, the messaging procedure that we proposed in [1] to see if the mobility information can be sent before the eNB sends an RRCConnectionReconfiguration message to setup DRBs and measurements, and whether some MDT functionality can be reused.

2 Discussion
The open issues above are addressed in the following sections. First we investigate how many cells are needed to provide sufficient data for the network to be able to do an estimation of the UE mobility state. Secondly we confirm that the mobility information may be sent before the RRCConnectionReconfiguration message. Based on how MDT data is reported to the network, we do not think re-using MDT functionality is suitable.
2.1 Number of cells needed in the mobility information

In this section we address the first open issue from RAN2#83:

=>
We should evaluate more in detail how accurate information is required for which use case (for different use cases)

In [1] we argued that the maximum number of cells in the mobility information should be 16, similar to the information element UE History Information. We have now performed some analysis to try to understand the accuracy in the eNB estimation, given various amounts of input, i.e. various numbers of cells.
2.1.1 Method and assumptions

We have a form of mathematic analysis instead of system simulations. This also means that we have done the following assumptions.

1)
UEs do not change velocity while in IDLE.
2)
All cells are circular in shape with a known radius. 
3)
There are two types of cells, corresponding to macro and pico cells, with different radii.
Assumption 1 and assumption 2 means that the time spent in each cell will be proportional to the chord of the circle representing the cell. 


[image: image1]
Figure 1 – The trajectory of a UE as it passes through the cell. 
The chord of the circle is marked in red.

The investigation has two steps. In step 1 we generate values for time spent in a cell. This corresponds to the mobility information the UE reports. In step 2 we use mobility information and estimate the mobility state of the UE. This corresponds to the estimation process in the network.

Mobility information is generated by taking a number of independent samples from a distribution corresponding to the chord length. This is then converted to time spent in the cell using the speed of the UE. The number of samples taken corresponds to the number of cells in the mobility information message. This allows us to experiment with various numbers of cells in the message.

The estimation process takes the times and using knowledge of the cell radius for each time value (the network maps the reported cell ID to cell radius), assumes a length travelled in the cell to get a rough estimate of the velocity. These values may vary greatly, and after initial investigations, it was discovered that taking the median of the velocity estimates gives a good performance given the low complexity of the function itself.
2.1.2 Evaluation

The evaluation algorithm is tested for UE speeds of {3, 30, 60} km/h corresponding to low, medium, and high mobility state respectively. The number of cells in the input data was varied as well {16, 12, 8, 4, 2, 1}. We also tried two different scenarios. In the first scenario, all of the cells in the list corresponded to macro cells. In the second scenario, half of the cells corresponded to macro cells, and half of the cells corresponded to pico cells. The cell radius for macro cells was modelled at 170 m, and for pico cells it was 30 m. 10000 samples were run for each setting.

2.1.3 Results

We present the results for the macro-only and macro/pico scenario.

2.1.3.1 Macro only scenario
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Figure 2 – Performance of the estimation algorithm for 16 (top-left), 8 (top-right), 4 (bottom-left), and
2 (bottom-right) cells in the cell list.

As can be seen in Figure 2, it is relatively easy to estimate the mobility state of slow moving UEs and fast moving UEs, even with very short lists. But estimating the mobility state for medium speed UEs seems more problematic. With 8 cells in the list, slightly more than 80% of the UEs moving at 30 km/h are correctly classified. This performance drops below 80% when the list is shortened to 4 cells. 
2.1.3.2 Macro/pico scenario

The difference between the macro/pico scenario and the macro only scenario is that half of the cells in the cell list will be picos in the macro/pico scenario. The UE does not know which cells are which, but the network can map the reported cell ID to whether a cell is macro or pico.
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Figure 3 – Performance of the estimation algorithm for 16, 8, 4, and 2 cells in cell list.

As can be seen in Figure 3, there is no problem for the estimation algorithm to correctly classify the slow moving UEs in low mobility state and the fast moving UEs in high mobility state. Similar to the macro only scenario, the estimation of the medium speed UEs sets the limit for the length of the cell list. The performance is similar to macro only scenario, with 8 cells in the list, the performance is above 80%, but with 4 cells in the list, the performance drops to below 80%. 
2.1.4 Conclusion

According to this brief investigation, it seems that the network is able to perform sufficiently well using 8 cells as input data. We have investigated different UE speeds, and two different levels of pico cell concentration, therefore we think we have covered several different use cases.
Observation 1 The number of cells needed to perform sufficient mobility state estimation is 8.

Proposal 1 The maximum number of cells the UE can report in the mobility information is 8.
2.2 Investigation of messaging procedure

In this section we address the two last open issues from RAN2#83:

=>
We should also discuss how the information can be transferred (e.g. will the eNB get a complete history before the RRCConnectionReconfiguration used to setup the DRBs?).

=>
Can also consider to re-use e.g. MDT functionality.  

Our proposal of the messaging procedure is described in detail in [1]. Briefly described, we think that the UE indicates the presence of mobility information with a single bit in the RRCConnectionSetupComplete message. The eNB may then retrieve the actual mobility information (consisting of a list of cell IDs and time spent in each cell) using the UEInformation procedure. 
With respect to the first issue in the list above, we note that UEInformationRequest/Response messages are carried over SRB1. Thus it should be possible for the eNB to take the mobility information into account before sending the RRCConnectionReconfiguration message containing measurement parameters.
Observation 2 The mobility information may be sent to the eNB before the eNB sets up the measurement configuration.

With respect to the second issue in the list above, we think it is possible to set up a UE to log measurements of cells during IDLE mode and report this upon RRC connection establishment. We think this information can also be used to estimate the UE speed. But we think there are some drawbacks too. Firstly, we think using MDT for this purpose would be too detailed. Secondly, with MDT only the first 10-120 minutes of IDLE are logged, which means that the reported information may be old in the context of mobility information. Thirdly, when the UE reports logged measurement information, it is carried over SRB2, which means that the eNB may not get the information in time for the RRCConnectionReconfiguration message carrying the measurement configuration. Therefore we think that reusing MDT functionality is not suitable for mobility information.
Observation 3 MDT functionality is not suitable for mobility information.
3 Conclusion

In section 2 we made the following observations:
Observation 1
The number of cells needed to perform sufficient mobility state estimation is 8.
Observation 2
The mobility information may be sent to the eNB before the eNB sets up the measurement configuration.
Observation 3
MDT functionality is not suitable for mobility information.


Based on the discussion in section 2 we propose the following:
Proposal 1
The maximum number of cells the UE can report in the mobility information is 8.
4 
References

[1] R2-132682, “Mobility information at RRC Connection Establishment”, Ericsson, ST-Ericsson, RAN2#83, Barcelona, Spain, 19th – 23rd August 2013

2/5


[image: image10.png]


