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1 Introduction 
In LTE, the UE speed estimation is used for setting the optimal mobility parameters/measurement parameters. Under the HETNET scenario, accurate UE speed estimation at the UE and at the eNB will become even more significant. In this contribution we discuss why the existing UE speed estimation mechanism at the eNB is insufficient and discuss possible solution directions.
2 Discussion
After RAN2#77, there was an email discussion on Enhancements to information exchange between UE and eNB regarding the UE mobility state and the following questions were asked.

1. Should the UE provide its MSE state to eNB at all

2. If yes then should it be upon request or during state transition from RRC_IDLE to RRC_CONNECTED?

On issue 1. Some companies have argued that the “UE history information” which is exchanged during handover preparation over both S1 and X2 could be used by the eNB to have a good estimate about the UE speed. It has to be noted that the UE history is maintained only when the UE is in connected mode and when a UE comes from Idle to connected, the network could start with a possible inaccurate value of the UE MSE (Note that some UEs could implement carry forward of Idle mode MSE into connected mode)
Under the HETNET scenario, accurate UE speed estimation at the UE and at the eNB will become even more significant as the following will also have to be considered: 

1. The increase in the Connected and Idle mode transitions due to new applications in a typical smart phone

2. The increased cell density for a given area and the relative speed with which the eNB will have to arrive at an accurate UE speed
Consider typical Connected and Idle mode transitions in smart phones; we look at one example of the Instant messaging traffic as already discussed under the EDDA WI as an example (Figures 1 & 2). The Instant message inter arrival distribution is provided from the TR 36.822 as reference below. We see that typical interarrival times are in a few seconds. This indicates that typical smart phone can be in and out of connected mode every few seconds.
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Figure 1:  IM Traffic - Packet Inter-Arrival Time CDFs (downlink) (Ref TR 36.822)
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Figure 2:  IM Traffic - Packet Inter-Arrival Time CDFs (uplink)

If we consider the average amount of Connected and Idle transitions in a given time period for typical smart phones, it becomes clear that the eNB will not be in a position to build a reasonable “UE history information”. This means that the eNB will not have accurate information about the UE speeds and thus may not be in a position to set the optimal mobility parameters/measurement parameters.

Also under HETNET deployment scenario, if we are looking at the UE history information for the purpose of eNB deciding on handover decisions into a pico cell for UEs under high mobility, a finer granularity of the UE mobility state will be needed at the eNB and we may have to provide additional mechanisms at the eNB to arrive at a better UE speed estimates and in relatively short periods of time.

Observation 1: The increased number of small cells in a given area with HETNET deployment and the increased average Connection to Idle mode transitions in smart phones makes the existing “UE history information” insufficient. 

On Issue 2. On the question of if the UE should send the MSE information based on the eNB request or during state transition from RRC_IDLE to RRC_CONNECTED, the following points needs to be considered. 
It has to be noted that the main objective of sending the UE MSE to the eNB is to facilitate handover decisions at eNB specifically for UEs under high mobility. 
Sending the MSE information when a UE transitions from RRC_IDLE to RRC_CONNECTED may not be the best option due to the following reasons:

1. Many Macro cells may not even have Pico cells
2. There could be UEs in long connected modes and moving with in the same Macro (depending on the size of the macro cell) which could make the eNB estimate ineffective. For such UEs, the mobility state would vary after thay have indicated the initial status. 
On this issue of the UE sending the MSE to the eNB upon request, it is not clear on what basis the eNB would request the UE for its MSE. Also this could involve introducing a new message just for the purpose of indicating the UE MSE. 

Observation 2: The UE could indicate the MSE to the eNB just when it is really necessary, i.e. just when the Pico cells are identified to be close enough and possibly in the proximity indication message.
3 Proposals
The impact of the increased number of small cells in a given area with HETNET deployment and the increased average Connection to Idle mode transitions in smart phones will have to be taken into account when the eNB arrives at the UE history information. 
Proposal 1: Agree that the existing mechanism for “UE mobility information” is insufficient for HETNET and explore possible ways in which the UE could assist the eNB with the MSE information.
Proposal 2: As a solution to proposal 1, explore when would be the best time for the UE to send the MSE information to the eNB and this could be driven by the actual use cases.
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