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1      Introduction
It has been agreed that the UE will report the mobility information upon IDLE to CONNECTED to the network. During the last RAN2 meeting (RAN2#83bis), the following has been agreed:

	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 use the model from [1] and evaluate how many cells and what granularity of time information one needs to accurately estimate the UE mobility states in the network side. In addition, we compare the results between a random generated cell type and time of stay model [1] and taking the cell list information from the calibrated Hetnet simulator. The results show that mobility information of 8 cells is sufficient with minimum 4 bits to represent time of stay information for each cell. The accuracy is slightly degraded when a more realistic model is used.  
2      Discussion

It has been agreed that the UE will indicate the availability of visited cell history to the network upon RRC_IDLE to RRC_CONNECTED mode. Then the network may request the visited cell history from the UE. There are two components in the cell history. They are physical cell IDs which ranges from 0-503 (9bits) and the time of stay the UE stays in the corresponding cell. In this contribution, we first evaluate and confirm from [1] that 8 cells history is good enough for the network to evaluate the UE mobility states. Then we provide our view on the granularity of the time information. 

Cell history information models

In this contribution, two different cell history information models are used as a comparison. The first model (let’s called it “Random model”) is based on random generation of cell type and time of stay. The second model (labelled as “Hetnet model”) is output from the calibrated Hetnet simulator. 

In the random model, the macro cell radius is assumed to be 170m and pico cell radius is assumed to be 30m [1]. It first random generates N cells’ cell types. Based on the UE speeds, a range of the time of stay can be calculated based on the cell type assuming the UE is walking in a straight line. It then random generates the time of stay within the range for each cell. For each number of cells, 10,000 samples are generated.
In the Hetnet model, the macro cell radius is assumed to be 250m and pico cell radius is assumed to be 100m. We use 10 pico per macro deployment and capture the UE cell history information (i.e. cell type and time of stay of each cell). The simulation runs for 20 million sub-frames.
Note that random model assumes the macro cells and pico cells may not be overlapped and Hetnet model gives a more realistic deployment.
Number of cells vs accuracy

Based on two different cell history models described in section 2.1, the network based estimation described in [1] is applied on both models. Figure 1 shows the accuracy with different number of cells in the cell history the UE may send to the network for the two models. In the random model, our simulation is aligned with [1], 8 cells can achieve more than 80% accuracy. It is interesting to observe that the accuracy decreases slightly in the Hetnet model. For the rest of the contribution, we use 8 cells so that we can compare the results between 2 models. 
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Figure 1: Accuracy given different number of cells
Observation 1: 8 cells are good enough to achieve good accuracy
Observation 2: Accuracy is slightly decreases when a more realistic model is used

Proposal 1: RAN2 to agree the UE can send up to 8 cells in the cell history information
Existing UE history information in X2   

In TS 36.423 section 9.2.38 specifies the X2 application protocol. In the specification section 9.2.40, IE UE History Information contains IE Last Visited E-UTRAN Cell Information as follow:

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Global Cell ID
	M
	
	ECGI

9.2.14
	
	-
	-

	Cell Type
	M
	
	9.2.42
	
	-
	-

	Time UE stayed in Cell
	M
	
	INTEGER (0..4095)
	The duration of the time the UE stayed in the cell in seconds. If the UE stays in a cell more than 4095s, this IE is set to 4095.
	-
	-


The UE history information is sent via X2 using “Global Cell ID”, “Cell Type” and “Time UE stayed in Cell” specified in 36.423 below. One option is that we use the same format for the UE mobility information as the current UE history information. The disadvantage of this option is that it requires a large number of bits to represent global cell ID and time of stayed in cell. 

Cell ID information options

Another option to represent cell ID is to use the physical cell ID. However, this is not a unique ID across the network. Another alternative to represent the cell ID could be using the global cell ID for the first cell and physical cell ID (PCI) for the rest of the cells. The reason is that PCI are somewhat unique around co-located cells.

Summary of options to represent cell ID:

	
	Options
	No. of bits for 8 cells
	Disadvantage

	1
	Global Cell ID for all cells
	28*8 = 224
	Large number of bits are required

	2
	Physical Cell ID for all cells
	9*8 = 72
	PCI is not unique, networks may not know exact mapping

	3
	Global Cell ID for the first cell and Physical Cell ID for the rest of the cells.
	28 + 9*7 = 91
	


Observation 3: Using global cell ID requires too many bits to represent
Observation 4: Using physical cell ID may cause the network not able to map the cell uniquely
Observation 5: Using global cell ID for the first cell and physical cell ID for the rest of the cell seems reasonable to represent the cell ID
Proposal 2: RAN2 to use global cell ID for the first cell and physical cell ID for the rest of the cells
Granularity of the time information   

In 36.423, the UE time stayed in the cell information can represent up to 4095s. This requires 12 bits to represent one cell. That is total of 96 bits for 8 cells. Below we examine different ways to improve the time information representation.
Reducing the maximum time of stay information

Figure 2 shows different maximum time of stay representation. In 36.423, the maximum time stayed in the cell information is 4095s. A slow moving UE with 3km/h takes about 408s to traverse the longer distance of a macro cell with radius of 170m. 3 more values are further studied in the figures. They are 128s, 64s and 32s. As we can see, it does not compromise in accuracy even we reduce the maximum time of stay to 64s in random model and 32s in Hetnet model. However, accuracy drops significantly when maximum time of stay bounded to 32s in the random model and 16s in the Hetnet model. To reduce the number of bits while maintaining accuracy, using 64s as upper bound seems the best. This can further reduce 12 bits to represent the time information to 6 bits. Total of 50% reduction is achieved.
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Figure 2: Accuracy of different maximum number of time of stay in seconds
Observation 6: With maximum time of stay of 64 seconds, the same accuracy performance can be achieved with 50% reduction in number of bits required to represent the time of stay information.
Reducing the resolution 
In this section, we examine different resolutions to represent the time of stay information to reduce the number of bits. Figure 3 shows different resolutions affect the accuracy. However, with resolution of 5s, the accuracy of 30km/h drops below 80% in both Random and Hetnet model. 

Observation 7: Any uniform quantization reduces the accuracy
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Figure 3: Accuracy of 8 cells and 16 cells with different ToS resolutions
Mapping table

We further investigate different ways to reduce the number of bit without compromising the accuracy. We show the following mapping of different time of stay values in Table 1 below:
	Mapping Number
	Time of stay mapping (s)
	Bits

	M1
	[1-64]
	6

	M2
	[1-32], 64
	6

	M3
	[1-16], 32, 64
	5

	M4
	[1-18], 32, 64
	5

	M5
	[1-9], 10, 12,14,16,18, 32, 64
	4

	M6
	[1-8], 10, 12,14,16,18, 32, 64, -
	4

	M7
	[1-8], 10, 13,16,19, 32, 64, -,-
	4

	M8
	1, 2, 4, 8, 16, 32, 64
	3


Table 1: Different mapping methods 
Figure 4 shows the different mapping methods used in Table 1. M2, M3, M7 and M8 show performance degradation. Other mapping methods maintain the same accuracy for both models. Among all, M5 and M6 require least number of bits while achieving the best performance. The reason behind is it is more important to maintain fine resolution for the smaller time of stays values so that medium and high speeds UE can be distinguish. Then we reduce the resolution in steps of 2 in the medium time of stay value range. Finally, we quantize the time of stay in a bigger steps for large time of stay value range, which allows the network to further determine the UE is in low mobility or stationary state. M6 allows one more value to be added which can be 128s or a larger value. 
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Figure 4: Accuracy of different mapping from table 1
Observation 8: The beginning 8 seconds of time of stay values are important to have the fine granularity for good accuracy
Observation 9: Mapping in exponential step compromises the accuracy

Observation 10: M5 and M6 require only 4 bits with the same accuracy as compared to M1 (which requires 6 bits to represent a maximum time of stay of up to 64s)
Observation 11: M6 has one unused value that can be used to add any larger ToS value

Proposal 3: RAN2 to consider one of the schemes to reduce the number of bits to represent the mobility time information
Remove cells information that is not important
From the cell information that generates cell type and time of stay information, in case of many ping-pong cells, the accuracy is degraded. The reason is that too short of time of stay in a ping-pong cells which introduce more error in the network estimation. One option is that the network can combine and post-process the cell information to eliminate such cells. But the number of useable cells in the list will be reduced and yields degradation of accuracy. We propose the UE not to report some cells (such as ping-pong cell or too short time of stay cell) in the mobility history information. 
Proposal 4: The UE should not report some cells (such as ping-pong cell or too short time of stay cell) in the mobility history information
3      Conclusion
In this contribution, we compared the NW based MSE accuracy based on [1] with two different cell history information mode. We evaluate different ways to optimize the number of bits required to represent time information. We kindly propose RAN2 to accept proposal 1-4 below.
Observation 1: 8 cells are good enough to achieve good accuracy

Observation 2: Accuracy is slightly decreases when a more realistic model is used

Observation 3: Using global cell ID requires too many bits to represent
Observation 4: Using physical cell ID may cause the network not able to map the cell uniquely
Observation 5: Using global cell ID for the first cell and physical cell ID for the rest of the cell seems reasonable to represent the cell ID

Observation 6: With maximum time of stay of 64 seconds, the same accuracy performance can be achieved with 50% reduction in number of bits required to represent the time of stay information.
Observation 7: Any uniform quantization reduces the accuracy

Observation 8: The beginning 8 seconds of time of stay values are important to have the fine granularity for good accuracy

Observation 9: Mapping in exponential step compromises the accuracy

Observation 10: M5 and M6 require only 4 bits with the same accuracy as compared to M1 (which requires 6 bits to represent a maximum time of stay of up to 64s)

Observation 11: M6 has one unused value that can be used to add any larger ToS value

Proposal 1: RAN2 to agree the UE can send up to 8 cells in the cell history information
Proposal 2: RAN2 to use global cell ID for the first cell and physical cell ID for the rest of the cells

Proposal 3: RAN2 to consider one of the schemes to reduce the number of bits to represent the mobility time information

Proposal 4: The UE should not report some cells (such as ping-pong cell or too short time of stay cell) in the mobility history information
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