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1. Introduction
In the last meeting, RAN2 has following agreement:
	Agreements
1a
The UE reports an indicator of availability of visited cell history

1b
The UE reports the mobility state estimated by MSE if MSE was configured

2
The network may retrieve the visited cell history upon receiving the indication (1a)

3
The visited cell history comprises cells visited while the UE was IDLE

FFS whether the visited cell history comprises cells visited while the UE was CONNECTED

4
The visited cell history comprises time of stay and physical cell IDs of the visited cells 

FFS what the granularity of the time information is

FFS how many cells the history information should cover and whether the NW can request the number it would like to be reported. 




In this contribution, we further investigate technical details, such as reporting procedure, granularity and number of the visited cell history, and propose our considerations.
2. Discussion

2.1. Reporting procedure
Based on the agreement, mobility information shall be reported by two phases.
At the first phase, UE reports an indicator of the availability of visited cell history and the mobility state estimated by UE based MSE if MSE was configured. The indicator would only take 1 bit. The current mobility state includes three states. To cover the case MSE was not configured, a new state which indicates MSE result was not available could be added. The mobility state would take 2 bits. Therefore, the mobility information at first phase would require 3 bits. As investigated in [1], it is efficient to send this mobility information using RRCConnectionSetupComplete message.
Proposal 1:  Introduce 3 bits in RRCConnectionSetupComplete message, which includes 1 bit for indicating the availability of visited cell history and 2 bits for indicating mobility state (high/medium/low/not available ).
At the second phase, UE reports the visited cell history if it is required by the network. The existing UE information procedure could be reused for the history information reporting. 
Proposal 2: Network requests the visited cell history using UEInformationRequest message. And UE reports the visited cell history using UEInformationResponse message.
2.2. Element of the visited cell history
It is agreed the visited cell history comprises time of stay (ToS) and physical cell IDs of the visited cells. However, the cells on different frequencies may have the same physical cell ID. To avoid physical cell ID confusion, it is proposed the visited cell history comprise the physical cell IDs as well as the frequency information of the visited cells. 
Proposal 3: The visited cell history shall comprise the time of stay and physical cell IDs as well as the frequency information of the visited cells.
2.3. Number of the visited cell history

It is investigated in [3] the speed estimation is accurate enough with eight cells in the history and more cells in the history could increase the accuracy of speed estimation. However the Hetnet scenario in [3] is simulated by half of the cells in the history are picos. In the realistic scenario, the distribution and proportion of pico cells are more complicated, which may degrade the accuracy. It may require more cells in the history to guarantee the accuracy of speed estimation. Considering the maximum supported number of UE History Information transmitted in X2 interface is 16, we suggest the maximum number of the visited cell history is 16. 
It would cost large amount of signaling if UE always report recent 16 visited cells. In certain deployment, e.g. low density of pico cells in [3], less than 16 cells in the history could guarantee the accuracy of speed estimation. Therefore, it is beneficial to let network indicate the number of visited cells it would like UE to report in the retrieve request, which could reduce the signaling cost.

Proposal 4: The maximum number of the visited cell history is 16. And network can indicate the number of visited cells it would like UE to report.
2.4. Granularity of time of stay
The granularity of current history defined in TS 36.423 is 1 second or 0.1 second. The finer granularity, i.e. 0.1 second, could provide more accurate information, while it may require large amount of bits to record the ToS.  Considering the trade off between accuracy and signaling, we prefer the granularity of 1 second which is proved could provide enough accuracy by the following analyse. 
As the speed estimation is based on the statistical history information, we did a mathematic analyse of UE crossing 16 cells.  It is assumed that:

1. UE doesn’t change its velocity. 

2. The coverage of cell is modelled by hexagon.

3. The radius of macro cell and pico cell is 288 meters and 50 meters respectively. 

4. The ToS in one cell is calculated by the UE’s speed and the distance UE crossing the cell.
We collected the realistic ToS and the indicated ToS which is indicated by the granularity of 1 second. To evaluate the accuracy, we define the following metrics:

Time difference = indicated ToS – realistic ToS;

Time difference rate = | total indicated ToS – total realistic ToS |/ total realistic ToS;

The CDF results of time difference rate for crossing 16 cells are shown in figure 1 and 2. It could be seen the time difference rate is very low irrespective of the cell type and UE speed. It is because the time differences of UE crossing each cell are randomly distributed around zero and could be neutralized by each other. Therefore, the granularity of 1 second could provide enough accuracy for speed estimation.
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Figure 1 CDF of time difference between the time indicated by the granularity of 1 second and the realistic time for macro only
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Figure 2 CDF of time difference between the time indicated by the granularity of 1 second and the realistic time for pico only
If UE stays in one cell for a very long time, it would require many bits to record and report the ToS. In fact, if UE spends more than a specific time in one cell, the UE could be estimate to be under low mobility state. UE could rather record the specific time for ToS than record the actual ToS, which would not degrade the accuracy of speed estimation and could reduce the bits for recording and reporting the ToS.
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Figure 3 CDF of the time UE spends crossing one macro cell with radius of 1000 meters
To investigate the applicable specific time, we collected the time of UE crossing one macro cell by random angles. The radius of the macro cell is 1000 meters for rural coverage, crossing which UE would spend the longest time. The CDF of the time is shown in figure 3. It could be seen that the low mobility state could be told by the accuracy of 95% with the threshold set to around 240 seconds for rural coverage. For urban coverage, the radius of the macro cell and pico cell is shorter, and the threshold would be even smaller. Therefore, there is no need to record longer than 240 seconds in the history for one cell, the applicable specific time could be 240 second for Hetnet. With 1 second resolution, 8 bits is sufficient to indicate 240 seconds. 
Proposal 5: The time of stay can be indication with 1s resolution, and the maximum time is 240 seconds using 8bits.
2.5. Time validity of the visited cell history
Under certain cases, some cells may be visited very long time ago, which have no help estimate the UE’s speed. For example, UE may stay at one cell, e.g. home, for couple of hours in IDLE mode. When UE starts to establish the connection, the cells prior to the current cell in the history are visited more than couple of hours ago. If UE could deletes these cells from the visited cell history, the signalling required by mobility information reporting and storage for the visited cell history could be reduced.  It is proposed UE deletes the cell from the visited cell history, which was visited more than certain time validity ago.
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Figure 4 CDF of the time UE spends crossing 16 macro cells with radius of 1000 meters
To investigate the applicable time validity, we collected the time of UE crossing 16 macro cells by random angles. The radius of the macro cell is 1000 meters for rural coverage, which could simulate the maximum time the visited cell history may need to indicate. The CDF of the time is shown in figure 4. It could be seen that the low mobility state could be told by the accuracy of 95% with the threshold set to around 3600 seconds for rural coverage. For urban coverage, the radius of the macro cell and pico cell is shorter, and the threshold would be even smaller. Therefore, there is no need to record the cell visited more than 3600 seconds ago in the visited cell history.
Proposal 6: UE deletes the cells which were visited more than 3600 seconds ago from the visited cell history.

3. Conclusion
In this contribution, we further investigate the technical details of the agreed mobility information reporting procedure.
Proposal 1:  Introduce 3 bits in RRCConnectionSetupComplete message, which includes 1 bit for indicating the availability of visited cell history and 2 bits for indicating mobility state( high/medium/low/not available ).
Proposal 2: Network requests the visited cell history using UEInformationRequest message. And UE reports the visited cell history using UEInformationResponse message.
Proposal 3: The visited cell history shall comprise the time of stay and physical cell IDs as well as the frequency information of the visited cells.
Proposal 4: The maximum number of the visited cell history is 16. And network can indicate the number of visited cells it would like UE to report.
Proposal 5: The time of stay can be indication with 1s resolution, and the maximum time is 240 seconds using 8bits.
Proposal 6: UE deletes the cells which were visited more than 3600 seconds ago from the visited cell history.
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