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1 Introduction
During RAN2#82 meeting, the following was agreed [1]:

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


In RAN2#83, the discussion on the RAN2 floor concluded with following points to be addressed [2]:  

	=>
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 contribution we present our views on the above points.  
2 Background on usefulness of mobility information 
There are several use cases in which network decision making can be assisted if the UE provides the mobility information during RRC connection establishment. These use cases include but not limited to: avoiding offload of fast moving UEs to small cell layer, configuration of RRC Inactivity timer/ DRX based on mobility, estimation of mobility state at the network, fast synchronisation of mobility state estimate between UE and network in HetNet environment etc. There seems some usefulness of the mobility information and hence RAN2 agreed to provide this information during RRC connection setup. However, some detail understanding on how accurate information is required for which use case is missing. . 
3 Discussion
When UE is in idle mode, it performs mobility state estimate (MSE) based on the number of cell re-selections during an observation window. The MSE is classified as normal, medium and high. One possible option is to provide the existing MSE in idle mode during RRC connection setup. This would incur just two bits signalling overhead. However, we have already seen in HetNet studies the MSE is not accurate in HetNet environment, so then it requires the MSE to be enhanced in HetNet. This could be achieved either broadcasting weights for different source-target handovers/re-selections or providing weight in handover command to be considered for enhancing MSE. Providing weight in handover command would enhance the MSE only for connected mode. For the different use cases let us analyse how much accurate information is required:

Avoiding offload of fast moving UEs to small cell layer

This use case is relevant for HetNet environment and we understand that fast moving UEs (actual speeds more than 60 Km/hr) should not be offloaded to small cell layer to avoid handover failures and high ping pong rates. In [3] it was observed that in a HetNet environment the Rel-8 MSE estimate is positively biased 
when the density of pico cells goes up. However, this observation is more relevant when the actual UE speed is higher than 30 Km/hr. Therefore, this use case requires a more accurate MSE estimate whether the UE mobility state is medium or high.

Observation#1: The existing MSE estimate cannot classify accurately between medium and high mobility so the use case to avoid offload of fast moving UEs to small cell layer cannot be addressed adequately.  
Another option would be to classify the MSE into only two mobility states: low and high and terminate the medium state into high state. With this option, UE performs the Rel-8 MSE in idle mode and while reporting the mobility state in RRC connection setup complete it either reports low or high with one bit information. If the UE has estimated medium state based on Rel-8 mechanism then this is re-classified as high state and reported to the network. In this option there is no need to enhance the MSE and whether this would still be sufficiently useful for network decision making for above use case is questionable.  
Configuration of RRC Inactivity timer/ DRX
This use case is relevant to optimise the signalling overhead in the context of background traffic discussed in eMTC study item. The network environment could be only macro network or HetNet. During eMTC discussion there was a common understanding in RAN2 that for radio signalling overhead, for stationary UEs the most efficient solution is to keep the UE in connected mode [4]. Hence, this use case requires a mobility state estimate classified as low, which can be adequately addressed by the existing Rel-8 MSE.

Observation#2: The existing MSE estimate can classify low mobility state with reasonable accuracy so the use case to configure RRC inactivity timer/DRX based on mobility profile can be addressed adequately.   

Network based mobility estimation
This is not a use case but solution direction to address mobility robustness in HetNet environment. Even though the network can estimate the mobility state of UE, but this is restricted only during connected mode. The network based mobility estimation needs some time for the handover history information to be propagated during connected mode for estimation. Therefore, for this solution direction to be effective it is required that the UE provides the idle mode cell re-selection history information which includes the list of cell IDs and dwell times in those cells as proposed in [5] The signalling overhead would be 336 bits considering 16 cells and 21 bits information including cell IDs and dwell time [5]. Compared to 2 bits MSE information idle mode history information of 336 bits is quite significant overhead.  

Observation#3: Providing idle mode cell re-selection history information for 16 cells is not efficient from signalling overhead perspective.
In the option where the eNB explicitly requests the UE to provide the idle mode cell re-selection history information in the RRCConnectionSetup message it can also indicate for how many latest visited cells this should be reported. With the eNB indicating the number of cells the signalling overhead can be reduced. Another open issue is when should UE provide the idle mode history information (eg. before the RRCConnectionReconfiguration message). The RRCConnectionReconfiguration message contains the measurement configuration for handover evaluation. Therefore, it seems most logical that if eNB requests the information in the RRCConnectionSetup message then UE should provide it before the RRCConnectionReconfiguration message and after the RRCConnectionSetupComplete message.  
Fast synchronisation of mobility state estimate between UE and network
Again this is not a use case but a part of network based solution direction to address mobility robustness in HetNet environment. In this option, UE can provide either the existing Rel-8 MSE or enhanced MSE estimate during RRC connection setup. The eNB uses this estimate as the starting point reference for estimating the mobility based on propagated handover history information which would require sometime. Until the time the eNB is able to derive the mobility estimate it can rely upon the UE provided MSE for decision making. 

Observation#4: For decision making once UE transition to connected mode, eNB can rely upon UE provided mobility estimate until it is able to derive mobility state based on propagated handover history information. However, existing Rel-8 MSE may not be adequate to address all use cases.
Suitability of MDT functionality
Another point discussed during RAN2#83 whether the MDT functionality could be re-used for reporting the mobility information. Let us remember that MDT is an optional functionality, where only some UEs in idle would perform the logged MDT. For improving mobility robustness mobility information should be provided per UE. It is also possible for UE to derive actual UE speed based on GPS information. A UE supporting MDT functionality cannot derive actual speed information if it is non-GPS capable. The measurement configuration received by UE for logged MDT mainly contains the logging interval defining the periodicity of the measurements and logging duration concerning how long the logged MDT configuration is valid. Further, the logging may result in an excessive amount of information, but still it can happen that the logging does not cover the period just preceding connection establishment. Moreover, MDT functionality depends on user consent and PLMN validity. So, even if there is user consent, UE will not report its logged data to any network. Based on these arguments it seems it is difficult to re-use the existing logged MDT functionality. If it is still desired to re-use the logged MDT functionality then some enhancements would be needed.
Observation#5: Re-using of existing logged MDT functionality to provide mobility information seems not suitable.

Based on the above discussion we summarize the options for mobility information to be provided during RRC connection establishment:

1. Existing Rel-8 MSE (2 bits information)

2. Enhanced MSE (2 bits information)    
3. Simplified low/high mobility state based on existing Rel-8 MSE (1 bit information)

4. Idle mode cell re-selection history information (Information for eNB indicated number of cells)

In our opinion all the above options for mobility information can be provided for the network decision making (for whatever scenario) whether the network environment is homogeneous deployment or heterogeneous deployment. Providing enhanced MSE or idle mode cell re-selection history information seems logical, whereas providing existing Rel-8 MSE may not be adequate to address all use cases discussed above. 
It is therefore, proposed that RAN2 agrees on the following proposal:
Proposal: RAN2 is requested to take the decision on enhanced MSE information or idle mode cell re-selection history information after concluding the solution direction for mobility robustness.  
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