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Discussion
1 Introduction

In the previous RAN2#83bis meeting, RAN2 agreed that The UE reports the visited cell history if the network requests it upon receiving the indication and the visited cell history comprises time of stay and physical cell IDs of the visited cells. 
In this contribution, we discussed how the time information in visited cell information can be represented.
2 Discussion
There are following alternative options how the time information can be represented:
· Option 1: The time that elapsed since handover/cell reselection in a similar way to RLF reporting
· In this option, each physical cell identity in the visited cell history is linked to an elapsed time from when the UE selected the cell. For each visited cell, there are two elapsed time in terms of handover/cell reselection. The first one is the time elapsed since entering the cell and second is the time elapsed since leaving the cell. So option 1 can be divided into two options.
· Option 1a: Physical cell identity is linked to entering time

· Option 1b: Physical cell identity is linked to leaving time

· Option 2: The time that UE stayed in the cell in a similar way to UE history information IE of X2-interface message. 
· In this option, each physical cell identity in the visited cell history is linked to a period that the UE stayed in the cell. 
Before discussing the pros and cons for each option, there is something that we ought to talking about, that is whether to regard current serving cell as a visited cell or not. Mostly, the current cell information would be unhelpful for network to estimate UE speed, since the UE doesn’t pass completely the current cell unlike other visited cells and network doesn’t know where UE reported the visited cell information.
Conclusion 1: The time information about current serving cell, i.e. the elapsed time from when the UE selected current cell or the time that UE stayed in current cell, is unhelpful for network to estimate UE speed.
Based on conclusion 1, we proposed

Proposal 1: Current serving cell should not be considered as a visited cell. That is, the information about current serving cell is not included in the visited cell history.
Let’s take an example to analyze comfortably the pros and cons for each option. 
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Figure 1 
In figure 1, UE was in IDLE mode and became CONNECTED mode in cell E. T0 is absolute time at the point when the UE selected cell A and T1 is absolute time at the point when the UE selected cell B and so on. T5 is absolute time at the point when UE set the visited cell history. In option 1, T5 is used as a reference time. We assumed that the network knows T5 roughly in all options though UE doesn’t notify that explicitly. And to simplify the analysis we also assumed the number of cells the visited cell history should cover, N, is 4.
In option 1a, UE set the visited cell history as follow: (T5-T0, A), (T5-T1, B), (T5-T2, C), (T5-T3, D).
The time UE stayed in cell A, B, C and D are T1-T0, T2-T1, T3-T2 and T4-T3, respectively. But network will know that the elapsed time from selecting cell D is T5-T3. Therefore, the last entry, (T5-T3, D), may be useless in network side. Or it will decrease the estimation accuracy.
Conclusion 2: If N visited cell information are reported with Option 1a, network will get N-1 exact visited cell information and inexact the latest visited cell information.
In our understating, the latest visited information is the most significant for UE speed estimation. So if option 1a is used for the visited cell history reporting, current serving cell should be considered as a visited cell. Then, the visited cell history becomes as follow: (T5-T1, B), (T5-T2, C), (T5-T3, D), (T5-T4, E). It should be noted that the reason why current cell information is included in visited cell history is to let the network know the time UE stayed in the latest visited cell, D, not in cell E.

Conclusion 3: If N visited cell information including current serving cell information are reported with Option 1a, network will get N-1 exact visited cell information, including the latest visited cell information, and current serving cell information.
In option 1b, UE sets the visited cell history as follow: (T5-T1, A), (T5-T2, B), (T5-T3, C), (T5-T4, D)

In this case, the network doesn’t know the time UE stayed in cell A because it is impossible to calculate the sojourn period without T0. So, the physical cell ID in first entry is useless information in network side. (The time information in the first entry is useful for calculating the time UE stayed in cell B.)
This visited cell history involves implicitly one more visited cell information, which is about the current serving cell. We assumed above the network knows T5 roughly in all options though UE don’t notify that explicitly because T5 is just reference time. So the network can know the time UE stayed in current serving cell by subtracting T4 from T5. However, as mentioned above, current serving cell information would be unhelpful for network to estimate UE speed.
Conclusion 4: If N visited cell information are reported with Option 1b, network will get N-1 exact visited cell information, including the latest visited cell information, and current serving cell information.
In option 2, UE sets the visited cell history as follow: (T1-T0, A), (T2-T1, B), (T3-T2, C), (T4-T3, D)

In this option, the network gets exact time that UE stayed in cell A, B, C and D. But the network cannot know the time UE stayed in its coverage because the network doesn’t get the absolute time T4. Therefore, if the assumption that the serving cell information isn’t helpful for speed estimation is correct, the option 2 is the most effective format.
Conclusion 5: If N visited cell information are reported with Option 2, network will get N exact visited cell information, including the latest visited cell information.
Based on conclusion 2, 3, 4 and 5, we propose the following
Proposal 2: ‘The time UE stayed in visited cell’ is desirable form as time information in visited cell history.
3 Conclusion
In this contribution, we made the following conclusions
Conclusion 1: The time information about current serving cell, i.e. the elapsed time from when the UE selected current cell or the time that UE stayed in current cell, is unhelpful for network to estimate UE speed.
Conclusion 2: If N visited cell information are reported with Option 1a, network will get N-1 exact visited cell information and inexact the latest visited cell information.
Conclusion 3: If N visited cell information including current serving cell information are reported with Option 1a, network will get N-1 exact visited cell information, including the latest visited cell information, and current serving cell information.
Conclusion 4: If N visited cell information are reported with Option 1b, network will get N-1 exact visited cell information, including the latest visited cell information, and current serving cell information.
Conclusion 5: If N visited cell information are reported with Option 2, network will get N exact visited cell information, including the latest visited cell information.

Based on the conclusions we propose the followings
Proposal 1: Current serving cell should not be considered as a visited cell. That is, the information about current serving cell is not included in the visited cell history.
Proposal 2: ‘The time UE stayed in visited cell’ is desirable form as time information in visited cell history.
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