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1 Introduction

Enhancements for Diverse Data Applications (eDDA) work item has been created in RAN2 for Rel-11 to specify the mechanisms that can enhance the ability of LTE system to handle diverse traffic profiles. The objective of this work item is to identify the improvements that can increase network efficiency, extend UE battery lifetime, reduce signaling overhead, and enhance user experience under traffic load generated by diverse data applications. One of the focus areas is assistance information that a UE can signal to the network, such as its preference for a “default” (in terms of power saving) or a “lower power consumption” DRX configuration, and mobility related information during connection establishment.
RAN2 agreed to introduce mobility assistance information from UE to network during connection setup in the last meeting. Mobility assistance information may consist of mobility state derived by UE using the MSE mechanism in “idle” mode or information elements such as cell IDs and timestamps showing the sojourn time of a UE for a particular cell. The network may use this information to estimate the mobility status of the UE establishing connection (in transition from “idle” to “connected” mode) so that it can set the RRC connection release timer accordingly. Long RRC connection release timers are preferred for UEs with no or low mobility. Previously, it has been shown in [1] that RRC signaling overhead can be minimized by keeping the UEs with no (static) or low mobility in “connected” mode for a long time. For such UEs, maintaining the RRC connection permanently, rather than keeping them in “idle” mode, may not necessarily lead to an increase in the average UE power consumption if DRX parameters are configured properly [2, 3, 4]. In this paper, we discuss what mobility assistance information may comprise and when and under what conditions it would be beneficial to transfer such information.
2 Discussion

2.1 UE based vs. Network based Mobility State Estimation

When the UE is in “idle” mode, the network is notified only when the UE switches to a new Tracking Area, but not when a cell reselection happens. This means only the UE can have high resolution data of which cells it has previously visited during the “idle” mode. There are two proposals on how this mobility assistance information can be provided to the network: either in the form of mobility state derived by the UE or a set of data that is missing in the network so that the mobility state estimation can be done by the network. For the former, the UE may estimate its own mobility state in “idle” mode, i.e. with the MSE mechanism specified in [5], and send it to the network during connection establishment. The MSE mechanism in [5] is not designed for this purpose and it may require extensive tuning for different types of cells to provide accurate estimations in network deployments where cell sizes and shapes vary [6]. Setting the parameters incorrectly means UEs moving at the same speed may get different cell reselection counts depending on the route they take. See Figure 1.
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Figure 1: Impact of heterogeneous deployment on mobility state estimation
Nevertheless, not only the current mobility status of the UE but also its expected mobility status in the near future shall be considered in the network when setting the connection release timer. Only the network can estimate the number of handovers that the UE might achieve in the short term after the new connection is established, since it knows the characteristics of the network deployment in the area where the UE is expected to be.
We think that mobility state estimation can be done more accurately and efficiently in the network and propose the following:

Proposal 1 UE may send mobility information, such as its cell reselection history, to the network during connection establishment. 
2.2 Mobility Assistant Information - Content
In this section we discuss various mobility information elements that the UE may send to the network for assistance and their pros and cons. Mobility information can comprise: 

a. Cell reselection history; cell IDs and timestamps (or sojourn times) preceding the connection set up

b. GPS based or generic speed information

c. Number of state transitions within the cell where the connection is set up [7]
d. Indication for whether the UE is in the same cell or not since last connection release [7]
a. The cell reselection history information can be reported using the cell IDs and the time of stay in each cell during connection setup. A certain number of last visited cells, along with the time of stay, which can be obtained from the timestamps collected each time a cell reselection occurs, can be the mobility assistance information that the UE may send to the network. The cell ID could either be the physical cell ID or the global cell ID, yet the latter would result in larger overhead while the former can make it harder for the serving cell to track back which cells were visited in which order.

This option can provide a flexible solution when sending mobility assistance information to the network with respect to the degree of accuracy needed at the network to estimate the UE mobility status. Number of reported last visited cells can be configured by the network when necessary to achieve this. However, larger message sizes may be required to transfer the mobility assistance information. The longer the configured history information is, the larger the message size will be.
b. Many UEs have an integrated GPS receiver that can provide accurate speed information if enabled. It can also be possible to define a generic information element, such as an estimate obtained from Doppler measurements, for the speed information. This information can be sent from the UE to the network to assist network based mobility state estimation, but it can only be provided when available since GPS receiver consumes a lot of power and thus may not be enabled at all times and other measurement methods, such as Doppler, may not be implemented in most UEs.

c. Number of state transitions within the cell may indicate that the UE is static or has low mobility when it is large, but it may not provide much resolution to estimate the UE mobility state accurately otherwise.

d. The network may not know whether the UE was in the same cell or not before its last connection release, since it does not keep the UE context once the UE connection is released. Only the UE can have this information, so the indication should be sent from the UE to the network. But the indication by itself may not provide much resolution if sojourn time (if the UE is still in the same cell) is not considered. If in the same cell, long sojourn times may provide more accurate mobility state estimations, yet this is not the case for short sojourn times. It is also not clear how to estimate the UE mobility state accurately when the UE is currently in a different cell even if the network knows how long ago last connection release was.
We think that option “a” can be the default solution along with “b” as optional when it is available and propose the following:

Proposal 2 The mobility assistance information provided by the UE shall include a list of a configured number of last visited cells and time of stay in each cell. The UE may also provide speed information if available when it is configured.
2.3 Mobility Assistant Information - Configuration & Signalling
The UE may send the mobility assistance information to the network via either the RRCConnectionRequest message or the RRCConnectionSetupComplete message. See Figure 2. Since it is transmitted with RLC acknowledged mode and less restricted in size, it would be better if the UE sends the information in the RRCConnectionSetupComplete message. Using RRCConnectionSetupComplete message would also allow the network to configure the format of the information, e.g. how many cells to report in the cell reselection history list.
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Figure 2: RRC connection establishment
The network may configure the mobility assistance signaling and/or the format of the information to be sent during connection establishment, i.e. via “RRC connection setup” message.
We propose the following:
Proposal 3 The network may configure the mobility assistance signaling in the RRCConnectionSetup message and the UE may send the mobility assistance information in the RRCConnectionSetupComplete message.
3 Simulation results
RRC connection is released when the RRC release timer expires. If the traffic has similar characteristics to IM or background traffic (i.e. short intermittent data bursts), connection is released almost immediately when the timer length is very short. The mobility is mostly performed by the cell reselection process and signaling for the RRC connection establishment is carried out upon arrival of the next data burst. Using a long RRC release timer, on the other hand, keeps the RRC connection always established avoiding the RRC state switching frequently and thus the RRC connection setup/release signaling. But mobility causes excessive handover signaling in this case and therefore a moderate value may be preferred for the RRC release timer for a better performance. 
We have observed previously in [2] that if RRC connection release is triggered based on UE mobility information, such as the speed, system performance improves in terms of signaling load. Mobility information can be estimated either in the UE or the network. A UE in “idle” mode can perform the MSE mechanism (using the information broadcasted in SIB3) to estimate its mobility state as specified in [8], and send it to the network upon transition from “idle” to “connected” mode. But as mentioned earlier in Section 2.1, MSE mechanism is designed to work in homogeneous network deployments and therefore may not be able to provide accurate estimations in heterogeneous network deployments where there are a larger number of small cells. Furthermore, even when homogeneous networks are considered MSE mechanism may still not be the best way to obtain accurate estimations. The network can estimate the UE mobility state when the UE is in “connected” mode, but it takes at least t-Evaluation time for the network to make an estimate and neither the network nor the UE has knowledge of the mobility state during that time. The minimum value that t-Evaluation parameter can be set to is 30s [9] and hence it might be inconvenient for the network to wait until the estimation is available to set the RRC release timer accordingly. 
The network can also make an estimate of UE mobility during connection establishment, when the UE switches from the “idle” mode to the “connected” mode, but it requires additional information, such as the cell IDs and sojourn times, from the UE since it is notified only when the UE switches to a new Tracking Area, but not when a cell reselection happens. The UE can send such information, which is referred as the “mobility assistance information” hereafter, to the network during connection establishment so that the UE mobility state can be estimated and the RRC release timer can be set accordingly.

In this section, we evaluate the signaling load for alternative mechanisms used to capture the UE mobility state for comparison. The following UE mobility state estimation mechanisms are considered in the simulation results given below.

1. RRC release timer is set to a default value (i.e. 32s) when a connection is established for the UE regardless of its mobility status - labeled as “static timer”. 

2. RRC release timer is set to a default value (i.e. 32s, probably a long one assuming that the UE has no or low mobility) during connection establishment and it is reconfigured when the network is able to estimate the UE mobility status after a certain time (i.e. t-Evaluation) - labeled as “network-estimation based”.

3. UE provides mobility assistance information (cell reselection history with various message sizes since parameters such as cell IDs can be transferred in different formats, i.e. global cell IDs, physical cell IDs) to the network during connection establishment and the network uses this information to estimate the UE mobility status to set the RRC release timer accordingly - labeled as “UE-report based”.

4. We assume that the network knows the UE mobility status and sets the RRC release timer accordingly during the connection establishment. This can be considered as the theoretical optimum solution and used to show the best possible performance - “optimal setting”.

The simulation results given in Figure 3 show the signaling load generated by various RRC release timer settings based on the UE mobility information estimated using the mechanisms mentioned above. The metric “normalized consumed RB per data bit” is used to show the signaling load in Figure 3. The normalization is done with respect to the results obtained from using the mechanism labeled as “static timer”. We assume that users generate traffic with characteristics similar to IM traffic, and the UE speed is highly correlated with the cell reselection count due to the homogeneous simulation environment with equal cell sizes and shapes. Note that only the signalling load in the radio network is shown in the simulation results regarding the RRC connection setup/release and the handover processes. For further simulation settings, see the Appendix.
In Figure 3, we observe that consumed RB in the radio network increases with the increasing UE speed and all mechanisms generate similar signaling load when the UE speed is low (< 40km/h, note that this threshold is subject to change since the results are sensitive to the characteristics of the traffic). When the UE speed is high performances of the mechanisms diversify. The “optimal setting” performs the best and the “static timer” performs the worst as expected. The “network-estimation based” mechanism performs similar to the “static timer” since its default timer is also set to 32s and it takes too long for the network to make an estimate.
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Figure 3: Normalized consumed RB per data bit vs. the UE speed (km/h).
UE-report based mechanisms perform better as the UE speed increases, yet it is important to note that the size of the UE-report matters. Therefore a limited number of visited cells shall be reported to avoid increasing the overhead significantly, especially when the UE has medium or high mobility. Physical cell IDs can also be reported instead global cell IDs to reduce the size of the UE-report. The serving cell, which establishes the connection and thus receives the series of physical cell IDs, should be able to track back which cells were visited in which order as long as there is no physical cell ID confusion (which should be avoided in a well-planned network).
Observation 1 Signaling load due to the handover and RRC connection setup/release events increases with the increasing UE speed.

Observation  2  Signaling load is not sensitive to any of the mechanisms described above when the UE speed is low. UE-report based mechanism performs better as the UE speed increases, yet its performance degrades as the size of the UE-report increases.
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Figure 4: Number of handover (HO) and RRC setup/release events per UE vs. UE speed (km/h).
Figure 4 shows the number of handover and RRC setup/release events per UE versus the UE speed. Each color represents a different setting for the RRC release timer. The number of handover events increases with the increasing UE speed while it is also affected by the RRC release timer setting as expected.  Number of RRC setup/release events, on the other hand, does not depend on the UE speed and is only affected by the RRC release timer setting. The number of RRC setup/release events increases as the RRC release timer setting decreases since the UE needs to establish the connection more frequently when the timer is short.
Observation  3  The number of handover events increases as the UE speed or the RRC release timer setting increases whereas the number of RRC setup/release events does not depend on the UE speed, but it increases as the RRC release timer setting decreases.
The signaling cost for the handover and the RRC setup/release events for the rest of the network can be estimated using the numbers provided in Figure 4. 
Observation  4   It is beneficial to have the cell reselection history as the UE mobility assistance information as long as the size of the UE report is chosen properly.
4 Conclusion

In this contribution we discuss what mobility assistance information can be comprised of and when and under what conditions it would be beneficial to do so. Based on the discussion we propose the following:

Proposal 4 UE may send mobility information, such as its cell reselection history, to the network during connection establishment. 
Proposal 5 The mobility assistance information provided by the UE shall include a list of a configured number of last visited cells and time of stay in each cell. The UE may also provide speed information if available when it is configured.
Proposal 6 The network may configure the mobility assistance signaling in the RRCConnectionSetup message and the UE may send the mobility assistance information in the RRCConnectionSetupComplete message.
The following observations are made from the simulation results:
Observation 1 Signaling load due to the handover and RRC connection setup/release events increases with the increasing UE speed.
Observation 2 Signaling load is not sensitive to any of the mechanisms described above when the UE speed is low. UE-report based mechanism performs better as the UE speed increases, yet its performance degrades as the size of the UE-report increases.
Observation 3 The number of handover events increases as the UE speed or the RRC release timer setting increases whereas the number of RRC setup/release events does not depend on the UE speed, but it increases as the RRC release timer setting decreases.

Observation 4 It is beneficial to have the cell reselection history as the UE mobility assistance information as long as the size of the UE report is chosen properly.
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6 Appendix: Simulation settings

	Traffic Model

	Traffic Model
	MBM Instant Message traffic on Android platform

	Network Model

	Cell Layout
	7 sites hexagonal grid: 3-sector sites

	Inter-Site Distance
	Macro scenario 1: 500m

	Carrier Frequency
	2 GHz

	Distance dependent path loss
	L = 128.1 + 37.6log10(R) dB
R is distance in kilometers, an extra 20dB penetration loss is added

	Channel Model
	Typical Urban

	Shadow Fading
	Log-normal, 8dB standard deviation, 0.5 correlation between eNBs

	System Model

	Bandwidth
	5MHz

	PDCCH
	3 for DL assignment, 3 for UL grant

	PRACH
	64 preambles, 10 Dedicated preambles, 0dB PRACH Tx Power ramp-up step
ra-ResponseWindowSize - 5ms, mac-ContentionResolutionTimer - 32ms, 
PRACH Period - 2ms, backoff parameter = 160ms

	PUCCH
	10ms  SR/CQI period

	PUSCH
	Aperiodic CQI is not enabled

	SRS
	No sounding

	HARQ
	Maximum retransmission number = 9

	Scheduler
	Proportional Fairness (Rate_DB) with Frequency Selective Scheduling (CQI_SORTING)

	UL Power Control
	SINR target = 15dB

	Link Adaptation
	DL: SINR backoff of 0.5dB

UL: SINR backoff of2dB (minimum size of 104bit)

	RRC
	CONNECTED to IDLE timer = 1s, 2s, 4s, 8s, 16s, 32s, 64s, 128s

	RLC
	Maximum retransmission number – 4

	DRX
	onDuration timer = 2ms, inActivity timer  = 100ms, 
Short cycle = 20ms, Long cycle = 320ms,
Short cycle duration = 100ms

	Handover
	A3 Event simulated, Offset = 4dB, Time to trigger = 40ms

	Synchronization
	Time alignment timer = 1s

	Receiver Noise Factor
	5dB

	Antenna model
	2D 3GPP SCM antenna, 2 Tx and 2 Rx antennas

	User Model

	Receiver Noise Factor
	9dB

	UE mobility
	Straight mobility model, with 3/30/60/120km/h velocity

	Antenna Model
	Omni antenna, 1 Tx and 2 Rx antennas

	User Density
	50 UE/cell
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