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Discussion and Decision

1
Introduction
Regarding the UE assistance information RAN2#77bis agreed to focus on the benefits/need of the following UE assistance information in the following categories:

1) Data / traffic characteristic information; 


2) Some form of UE preference for latency/power/DRX; 


3) UE mobility information.  

There has been a number of proposals for each category about possible UE assistance information and how they would benefit in terms of network optimization and UE power saving. RAN2#77bis agreed an email discussion to collect company views on different options and how beneficial they might be [2][3]. Among the categories, the mobility information has been considered especially useful in for the network when aiming at optimized network operation.
This paper focuses on the options to provide information about the UE mobility. We provide further insight what is the actual information the UE can provide, how it can be derived and how the network could use it.
2
Discussion 

2.1
UE mobility information
UE mobility has been considered as being information that would be useful the network to make correct decisions about the state control when trying to trade-off between signalling due to state transitions and mobility (HO). Information that is missing from the network is the mobility when UE is in idle state. Also, when there are CONNECTED <-> IDLE state transitions, the network lose information about the UE, how it has been in connected state, in which cells and for how long time. The UE assistance could include some of such information about the past events. The questions to be addressed are at least following:
· What information would be available and sensible to store at the UE

· How reliable the UE assistance for mobility will be, any issues in the network if in-accurate information is provided by the UE

· Would there be differences between UE implementations and/or can the reporting be tested
· What would be sufficient mobility information eDDA purposes i.e. to what degree the information can be limited but still considered useful for the network

In the following we discuss various examples for the mobility information and what would be the pros and cons with them:

A. Mobility history; cell IDs and time stayed in the cells preceding the connection set up
B. Mobility state estimate similar to the specified one in TS 36.304
C. Number of state transitions within the cell where the connection is set up
D. UE being in the same cell since the last connection release
E. Speed/velocity indication
Following section gives further insight for the options and how they could be applied for eDDA mobility indication.
2.2.
Discussion about the options
The description below refers to the options listed in 2.1 with more detailed definition about the information and in which way they could be reported.
A.  The history information could be reported in terms of cell ID:s and time stayed in the cell (either in connected or idle state) preceding the connection set up. The cell ID could be the physical cell ID (PCI) assuming that the cells are the neighbor cells to the current cell. Global cell ID (ECGI) would be a generic solution but in most of the cases it would result in overhead in the reported information

The information about the mobility history would likely lead to large amount of data and hence some kind of limitation should be done. Limitation can be done by allowing only a certain number cells to be reported. Further the observation period could be limited as the most recent history is of interest to the network. Possibly the combination of both, number of cells and time, would lead to reasonable amount of information.
If the number of cells is limited to one, i.e. current serving cell meaning the one where the connection is set up, the reported information is related to time how long the UE has been in the cell. The actual mobility indication in this case could be further limited by having a (possibly cell specific) threshold or multiple thresholds for the time UE has been in the cell. If the time is below a certain threshold the UE can be considered as high mobility UE. With multiple thresholds the indication could be similar to those defined for MSE.

B.  The definition of the UE derived mobility state estimate (MSE) is based on the reselections within a given time period (TcrMax). The mobility state can be normal, medium or high if the number of reselections is below NCR_M or above NCR_H, respectively. Similar procedure could in principle be applied in eDDA by removing the limitations to re-selections (idle) only. The problem with MSE solution is that it requires also NW to support MSE for eDDA purposes. Additionally, the mobility parameters are different in idle and connected states, which may cause different UE mobility state estimates depending on the state in which the UE has been. Furthermore determining parameters that reliably differentiate high mobility UEs from low mobility UEs can be challenging.
C.  The number of state transitions within the cell would indicate somehow the relative mobility w.r.t. to the data activity. If there are multiple state transitions in one cell, the network could interpret that the mobility signaling is not dominating but most of the signaling is due to connection set ups and releases. Alternatively, the reported information could be an indication if the state transitions exceed a give threshold resulting in information limited to one bit. The reported information could in principle extended to multiple cells i.e. how many state transitions has happened in current cell and a number of preceding cells. However, this would lead to larger amount of reported information where the added value over the one cell reporting is not evident.
D.  This option can be considered as a special case for c). The UE would not monitor multiple state transitions but will only take into account the latest connection release and the following connection set-up. The UE would just indicate (one bit information) whether the connection set up is done in the cell as the previous connection release, and the UE has not been in other cells in between. An enhancement to this option could be the time information since the connection release. If the time is long without cell change, it would be an indication about low mobility.
E.  The estimation of the speed/velocity information can be a challenge for the UE. The only reliable estimate could be from the GNSS circuitry. However, there are many situations where GNSS is not usable, namely: The GNSS is not supported at the UE, it has not been activated, satellite signals are note receivable or the quality is not sufficient (e.g. indoors, urban street canyons, etc.). Therefore this cannot be considered as a generic solution. Further, the speed as such does not correspond to the ‘mobility’ that is experience in the network. The mobility events are also dependent on the cell layout (cell sizes) and UE trajectory and the speed information would not directly tell how it is related to cellular mobility.
Table 1 summarizes the characteristics and applicability of the discussed options.
Table 1. Elaboration for the options

	Option
	Complexity to derive the information
	Amount of reported information
	Pros/cons

	A
	A counter to measure time of the stay in the cells required. UE should maintain storage of the ‘history’ information including cell IDs and time. This should be done regardless of state transitions.

For possible thresholds the value(s) is (are) need to be either signalled or broadcasted if configurable.
	Large if ‘whole’ history’ (for a number of cells) informed.
Can be reduced by limiting the number of cell to only small value, e.t. one or two.

Limitation to one cell would require only time related information.

Time information can be limited by using thresholds values.
	· Wide range of options. In the simplest form by limiting to one cell, derivation of the mobility indication is simple and is affected by the most recent history (could be best reference to predict the future). One bit indication would be possible.
· No differences between terminal implementations, i.e. the feature could be tested.

· With longer history, the amount of data presumably too large.
· HO/re-selection ping-pongs will affect the results when multiple cells are reported



	B
	MSE should be extended to cover both connected and idle state.
	Moderate. Small, if NCR_M/H type of threshold(s) is used
	· The amount of information can be limited

· The mobility parameters are different for idle and connected states. Hence with the same cell changes the information can be different depending on the state the UE has been.

· Ping-pongs affecting the estimate

· Parameter setting can be challenging


	C
	A counter required for the number of state transitions. If extended to multiple cells, more information has to be stored.
	Small - moderate, at least with one cell case.
	· Simple counting

· Would give an indication about the relation between state transitions and mobility

· Conclusions based the reported information are affected by the traffic pattern (which is not related to actual mobility).



	D
	Simple implementation for the UE
	One bit indication enough in the basic form.
With time information more bits is needed.
	· Simple indication if the UE has been moving or not between the state transitions
· No differences between terminal implementations, i.e. the feature could be tested.

· Affected by the traffic pattern i.e. how soon after connection release the following set up will be done. With short interval the conclusion about the mobility may not be reliable. However, with time information the problem is alleviated.


	E
	Would likely require GNSS support. Other estimation methods can be complex and still not reliable.
	Depends on granularity/coding of the speed information
	· Mobility impact could be estimated from the UE speed taking into account the cell layout.

· There will not be one/one correspondence with the speed and mobility as the network layout and UE trajectory will affect the mobility.
· Would likely rely of the availability of GNSS.

· Would not always be available

· Activation of GNSS for this purpose would result in increased power consumption




Based on the analysis above we can conclude that there is no perfect solution for the UE assistance about the mobility. However, some of the options presumably will be sufficiently accurate and acceptable for the purpose of smart phone optimization. From the options described above we think that following options could be applicable for eDDA:
- Option A limited to either one or two cells, or time limited observation period 
- Option C would be fairly simple for the UE and would give an indication about the relation between signalling for state transition and mobility
- Option D would be simplest in its basic form giving basically an indication whether the UE is moving or not

However, some kind of combination of the discussed options could be also considered. Also, the exact definition for the mobility information requires agreement on the various details; what would be configurable parameters, how to limit the amount of information, etc.
4
Conclusion

This paper has elaborated options for the UE assistance for mobility. There does not seem to be obvious solution and the agreeable solution should consider the complexity (UE internal, signalling) as well as usefulness (uncertainties) of the reported information. The performance of discussed options is affected by the scenario (UE movement, traffic pattern) as well as the mobility parameter values (idle and connected mode mobility; e.g. ping-pongs). However, as concluded in the analysis, there are simple options for the UE assistance which can be acceptable for the smart phone optimization.
Proposal: RAN2 is asked consider the elaboration of the mobility information when deciding on the eDDA enhancement related to UE assistance.
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