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1. Introduction
For the ongoing study item on LTE mobility [1], the performance results have been presented in [2]-[9]. Based on the results so far, this paper presents the following:

· An update or results from [7], incorporating the feedback received in LSs from RAN2 and RAN4

· A summary of the current results.  
The common aspect of these results is that when the parameters are set to trigger rapid measurement reports, the failure rates can be reduced under normal mobility environments, at the cost of more signalling load and handovers. Further, under scenarios where the mobility procedures are stressed, it can be seen that there is degradation in performance and there is some potential for improvement.
2. Discussion
2.1
Choice of configurable parameter settings

Results are presented in [7]-[9] with a variety of RRC configurable parameter settings. It is shown that under challenging environments, setting of rapid measurement report triggers reduces the number of handover failures. Such rapid triggers include setting the time-to-trigger (TTT) to 0ms, and the reporting offset to 1dB. However, such settings come at two costs.
Increase in handover rate: As the results in [7]-[9] show, setting of rapid triggers causes an increase in the rate of handovers, sometimes to an average inter-handover duration of 2s. This is a cause of concern because 

(1) Handovers cause extra over the air signalling load,

(2) Handovers increase the backhaul usage due to transfer of buffers between cells (e.g. for AM bearers such as TCP),

(3) VoIP: A handover is likely to result in a few dropped packets (for UM bearers such as VoIP). Also, a handover resets the header compressor (RoHC) resulting in inefficient use of bandwidth.
While there is an unavoidable trade-off between the handover rate and the handover failure rate, a robust system design should attempt to deliver low failure rates across a range of targeted handover rates.
Loss of robustness: Tuning of network parameters at different cell locations, and for different UEs depending on the mobility individual mobility environments is difficult to accomplish in a reliable manner. For the above reason, it is desirable to have robust performance not only at the optimal parameter settings, but rather throughout a range of settings. 
2.2
Potential enhancements

Given the observations above, it is desirable to enhance the design of the system in a manner that allows for a better trade-off between handover rate and handover failure, and also allows for robust operation with less sensitivity to parameter settings. Some such enhancements were described in [7]. One of these enhancements, context fetch for RLF recovery, is particularly attractive because of its small cost, and applicability to Rel-8 UEs. 

Detailed discussion of the advantages of context fetch is provided in a RAN2 submission [11], and a summary is provided below. 

Support of long DRX operations in connected mode: The LTE Rel-8 standard supports long DRX operations in connected mode, similarly to UMTS. However, unlike UMTS where a forward handover procedure (i.e. Cell Update) is used when the UE is in URA_PCH/CELL_PCH/CELL_FACH(w/ DRX) states, LTE relies on the regular - backward - handover to handle the mobility of a connected mode UE in long DRX. The LTE design is lacking compared to the HSPA design in this respect. For instance, if a DRX cycle of 1.28s is configured, there is an increased chance that the UE may wake up and not be able to re-acquire its serving cell, which will result in a connection failure. Introduction of context and data fetch would allow the UE to recover without going through the RRC idle state.
Avoids preparation of multiple eNBs in advance of handover: Though such preparation can improve RLF recovery, it suffers from the following drawbacks
· Complexity, requiring tuning of algorithms to prepare/unprepared cells

· Radio resource usage at the prepared eNBs
· Loss of buffered data at the source cell during RLF recovery

· Context synchronization across multiple eNBs

· Lack of support over S1 (works only on X2).

Improved performance for dense deployments with HeNBs and picocells: PCI confusion is known to occur in such deployments, leading to the possibility of RLF as a UE moves to the coverage of a HeNB/picocell.  Context fetch provides for efficient recovery from such RLF, including for Rel-8 UE that do not support methods to assist the network in confusion resolution.

Improved performance compared with current solution of NAS recovery: Rel-8 supports NAS recovery in case RLF recovery is unsuccessful (i.e. when RRN re-establishment is rejected). NAS recovery has the following concerns

· Loss of data buffered at source eNB

· Latency of recovery from RLF, could be 100-300ms larger than context fetch.

· Load on MME, involving extra Service Request or TAU message processing
3. Simulation Results
We have processed field data collected in commercial networks at two different locations, one in a dense urban network and the other on board a high speed train. We have also simulated handover events on a hexagonal deployment at different speeds. Details of simulations assumptions are given in Section 3.2.

The results presented here do not model scenarios such as UEs in DRX operation, and the number of failures can be expected to increase under DRX due to reduced cell search performance at the UE.

3.1
Simulation Results
The following figures illustrate the relationship between interrupt event rate and handover rate under different TTT and Offset settings. The interrupt events include the events that an interrupt is triggered, i.e. the RLF is detected. 

In addition, the relationship of unprepared RLF rate (where the cell selected by the UE for re-establishment is unprepared) and handover rate is illustrated. The Y-axis is in “RLF events per minute” and “Unprepared RLF events per minute”. The X-axis is in “Handovers per minute”.
The data is labeled by TTT and Offset pair.

· The TTT is set at 0ms, 320ms, 640ms respectively

· The Offset is set at 1dB, 2dB, 3dB respectively.

· The RLF confirmation timer T310 is set at 1000ms.

· The event rates are normalized events per minute
It is clearly seen from trend line that lower offset and short TTT gives lower interrupt event rate but higher handoff rate. The parameter fine tuning can not in general achieve lower handoff rate and lower interrupt event rate at the same time. A similar conclusion may also be drawn by results from Nokia/NSN, shown at the end of this Appendix.
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Figure A1: Vehicular UE in Dense Urban Environment (Field trace)
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Figure A2: UE in High Speed Train Environment (field trace)
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Figure A3: UE in Hexagonal Layout Environment, 30kmph case
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Figure A4: UE in Hexagonal Environment, 60kmph case
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Figure A5: UE in Hexagonal Environment, 120kmph case
It is important to note that, data presented by Nokia also show the same trend, lower hadover failures are achived only at the expense of much higher handover events, as shown in the table below. 
Manhattan case, speed 30kmph (Nokia results, based on [9])
	
	UL failures
	DL failures
	Avg. time between handovers

	TTT=0ms, Offset=1dB
	0.7% failures per minute
	3% failures per minute
	2.8 seconds

	TTT=200ms, Offset=1dB
	20% failures per minute
	3% failures per minute
	7.0s


3.2
Simulation Assumptions
Table 3: Simulation Parameters
	Parameter
	Value

	Physical Layer Parameters
	

	UE Max Tx Power
	24 dBm (no power control)

	Average eNB IoT (other cell)
	7 dB

	Number of UEs in simulation
	1

	eNB N0 (per Hz)
	-168.74 dBm

	DL Power Boost
	6 dB (optimistic, RAN4 recommends 3dB)

	UL/DL HARQ Delay (UL and DL)
	8 ms

	HO Request Delay (SR)
	11 ms

	DL Assignment Delay (scheduler)
	4 ms

	Qout
	-8 dB

	Qin
	-5 dB

	Filter for Qin/Qout events
	10ms

	Timer for Qout, and Qin (or alternately, number of consecutive indications in “[]”).
	200ms [20], 100ms [10]

	PDCCH Error rate

(work underway for better modeling)
	0% above -8dB

20% below -8dB

	Upper Layer Parameters and Model
	

	Measurement Report Msg Size
	200 bits

	Handover command Msg Size
	296 bits

	Measurement Filtering (for RRC trigger, rectangular filter)
	200ms

	Measurement Error
	0

	Time to Trigger (RRC event A3)
	0ms, 320ms, 640ms

	RRC Filtering Coefficient
	0 (no filtering)

	Hysteresis (RRC event A3)
	1, 2, 3 dB

	Backhaul Delay (MRM to HO Command) 
	50ms

	Number of upper layer retransmissions
	4 (total 5 transmissions)

	Call duration (assumed)
	2 minutes

	Cell preparation in case of RLF
	- Cells in source eNB all prepared

-Cells in eNB that triggered event A3 prepared if MRM success

-All other cells not prepared

	Recovery in case of RLF
	Fixed latency model

-42ms for prepared cell

-142ms for unprepared cell

	T310 and N310
	Modeled with N310=1 and T310=1 second

	N311
	Modeled  with N311=1

	T311 expiry
	Search for strongest cell modeled, assume zero latency for search

	Log Details
	

	Call Duration (assumed)
	2 minutes

	Total Log duration (dense urban)
	300 minutes

	Total log duration (high speed train, 250kmph)
	200 minutes

	Maximum Cell Power
	43 dBm (40 dBm for train)

	Hexagonal Layout parameters
	

	Layout
	D1

	Number of cells
	21

	Cells per eNB
	3

	Site to site distance
	0.5km

	Inter-cell Shadow fading correlation
	0.5

	Shadow fading decorrelation distance
	30m

	Shadow fading std. dev.
	8dB

	UE Trajectory
	Straight line fixed speed, along several randomly selected paths

	UE Trajectory length
	20km for each UE speed


Further details about the simulation framework are in accordance with [10].

4. Conclusion

This contribution summarizes Rel-8 mobility performance results across a range of parameter configurations over various simulation scenarios. It is demonstrated that there exists a fundamental trade-off between handover failures and handover load, via different settings of handover parameters. Though the number of handover failures can be reduced by appropriate parameter settings, these come at a cost of high handover rate and sensitivity to the parameter settings. In some particularly challenging cases such as high speed train, the most aggressive parameter settings also do not reduce the handover failure rates adequately.

Based on our simulations results, along with the results in [9] and [12], we propose to conclude the following for the LTE mobility study item: 

· LTE Rel-8 mobility performs reasonably well in most scenarios. 
· There is certain room for improvement. This is due to the fact that LTE mobility may be challenged under certain scenarios in terms of unfavourable trade-off between handover failures and handover load, and in some cases, non-negligible residual handover failures even with aggressive handover parameter settings.
It is further recommended that the potential mobility enhancements should be transparent to PHY layer, and be applicable to Rel-8 UEs. The context fetch technique discussed in this contribution is one example.
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