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Discussion
1 Introduction

Many contributions were submitted in the last meeting analyzing radio link failure (RLF) phenomenon in the HetNet environment. Most of the contributions modeled the mobility based on methodologies in the HetNet TR36.839 [1] that simplified the cause of RLF much. It was acceptable as the main focus of the previous HetNet study was not the RLF itself, but handover performance such as handover failure rate, ping pong rate, etc. But when we analyze details of RLF and potential enhancements, the current model in the HetNet TR is not proper methodology. In this contribution, we point out the limitation of current HetNet methodology, and provide alternative models to evaluate RLF phenomenon.
2 Limitation of Handover/RLF Model in TR36.839
The purpose of radio link monitoring is to determine whether radio link of a cell should be considered as failed (i.e. radio link is worse than Qout for time period determined by N310). If so, UE performs two actions; 1) stopping uplink transmission by releasing SPS, CQI, SRS, SR autonomously, and 2) starting cell selection procedure to find a cell providing acceptable radio link. On the other hand, if radio link failure is not declared (i.e., the radio link is not continuously bad more than the time period determined by N310), the UE is still allowed to exchange DL and UL signals with the serving cell. Considering that Qout corresponds to the link quality where PDCCH has 10% error, the UE can receive the PDCCH with 90% success probability even if T310 is running. Also the following message/data exchange can be successful as HARQ gain compensates the bad link quality. I.e., the UE can sustain the connection with the serving cell while T310 is running but with degraded performance. But this is not well modelled in TR36.839.
The current handover/RLF model in TR36.839 assumes the following simplifications:

· If handover command is sent while T310 is running, the handover is assumed to be failed always as shown in figure 1 [1]. This may cause handover failures more frequently than the result with precise link performance modelling, so the opportunity to avoid RLF after the successful handover will be reduced. As a result, RLF will be observed more.
· If wideband CQI is less than the threshold Qout at the end of the handover execution time, the handover is assumed to be failed always. This also ignores the possibility that the handover complete message can be sent to the eNB successfully. This simplification will increase the number of RLFs too.
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Figure 1 Handover failure when T310 is running
The simulation result in the following table [2] shows relationship between handover and T310 when both handover and bad link situation (SINR < Qout) happens at the same time. It can be observed that the handover can be successful even during T310 is running with high enough probability. In this simulation, all the involved PHY channels are modelled using corresponding link curves to see the impact of low SINR on the mobility performance.
	T310
	1000 ms
	750 ms
	500 ms
	250 ms

	# of RLF declared during HO per hour

(ratio)
	144.0

(33.53 %)
	159.0

(38.32 %)
	168.2
(44.20 %)
	217.2
(69.00 %)

	# of successful HO during T310 is running per hour

(ratio)
	285.5

(66.47 %)
	256.0

(61.68 %)
	212.4

(55.80 %)
	97.6

(31.00 %)


Table 1 Number of RLF declarations and successful handovers when T310 is running
Observation 1. The methodology in TR36.839 is not enough to evaluate the RLF situation in detail. Especially the assumption that BLER of all the involved channels are 100% when link quality is below Qout threshold is not realistic.
3 Methodology for RLF Simulation
3.1 Performance metrics

As RLF has a close relationship with handover performance, all the performance metrics defined in TR 36.839 [1] such as handover failure rate, handover frequency, RLF frequency, ping-pong rate, handover latency, etc, should be considered. In addition, metrics to estimate the impact of bad link quality on user experience such as the duration of bad link quality, service interruption time due to reestablishment from RLF and sum of the two should be considered. More detailed definition is as follows.
· Outage time: The time during which T310 is running
· Reestablishment interruption time: Interruption time due to RRC connection re-establishment. The interruption time due to handover should be considered separately as it is not directly related with RLF. If the two different interruptions are summed up, the impact of RLF may not be clearly observed.
· Overall service interruption time: Outage time + reestablishment time (+ interruption due to handover)
The reestablishment interruption time can be used as a metric of the performance of RLF recovery mechanisms as it is tightly related with whether the UE selects prepared cells effectively or not. But the reestablishment time alone may not represent all the aspects related with RLF recovery, e.g., how frequently the prepared cell is selected by the UE. Therefore, the ratio that the UE selects one of the prepared cells needs to be considered together.

· Prepared cell selection rate: The ratio that the UE selects one of the prepared cells.

3.2 Cell Drop
For macro cells, 2-tier 57 sector cell layout needs to be used for the simulation. For small cells (or pico cells), the clustered drop model used in the small cell mobility study [3] is used as a baseline. The clustered drop can be summarized as follows:
· Clustered drop: A number of small cell clusters are dropped randomly first. The number of small cell clusters can be between 1 and 4. Each small cell cluster can have up to 10 small cells. Locations of small cell clusters and small cells should satisfy the following constraints: Distance between a macro cell and the center of a cluster > 75m, distance between clusters > 100m, distance between the center of a cluster and the center of a small cell < 50m, distance between small cells > 20m.
The number of small cells determines the level of interference. As for the low interference sparse deployment, 4 small cells per macro cell can be assumed. 10 or more small cells can be dropped in each macro cell to see the RLF performance in the high interference situation. (i.e., dense small cell deployment)
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Figure 2 Clustered Small Cell Drop (4 Clusters, 40 Small Cells per Macro Cell Case)

3.3 Consideration of Coverage Hole

The RLF is triggered by sustained bad link quality in the current definition. This may be observed in various situations in the real world. High interference from neighbour cells degrades SINR of the serving cell, and may cause RLF. Also low signal quality because of e.g., very long inter site distance that may lead to noise limited situation at the cell edge or high penetration loss of walls to the indoor UEs may cause RLF. The latter case is usually referred as coverage hole where the signal strength of all the cells is below some threshold, e.g., Qout. To consider the coverage hole in the simulation, we first need to discuss which model is suitable. Basically, the following two options can be considered:
1) Only a desired signal from a serving cell is degraded by some obstacles.

2) Not only the desired signal but also interference signals from neighbour cells are degraded together.

The phenomenon in (1) can happen by shadow fading or in an emergency situation such that a specific cell tower is collapsed. Note that the shadow fading is already modelled in the simulation. Moreover, considering emergency situations is too extreme to be considered in this discussion. On the other hand, mobile users may experience the phenomenon in (2) easily, e.g., when the UE enters a building or an underground metro station.

To implement the option (2) in the simulation, a number of square buildings can be dropped in each macro cell. The UE inside the building is assumed to experience additional penetration loss 20dB assuming one external wall and one or two internal walls. In other words, when the UE goes through the building, the RSRP from any eNB (i.e. not only a serving eNB but also neighbour eNBs) is degraded by 20 dB. It is assumed that small cells are not dropped within the building because if a small cell is located within the building, the signal quality (of the best cell) inside the building may be too good to form a coverage hole. Moreover dropping the building without small cells in the middle of small cell cluster may be artificial, so it is assumed that the building is located out of the small cell clusters. I.e., the center of the building is located at least (50 + 2/n) m apart from the center of a small cell cluster where n is length of each side of the building.

When the UE enters the dropped building, its trajectory needs to be selected again to guarantee minimum stay time of the UE within the building. The new trajectory of the UE is chosen by connecting the point where the UE first met a building and the center of the building as shown in the following figure.
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Figure 3 UE Trajectory Re-selection
3.4 Handover Procedure

Handover model in TR36.839 [1] is much simplified from real RRC handover procedure. Instead, the handover model depicted in the Figure 4 can be used to reflect handover situation more accurately.
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Figure 4 Handover Model
In this model, the handover procedure is modeled from UE perspective using 11 states from measurement and transmission of very first scheduling request to transmission of RRCConnectionReconfigurationComplete message. A fixed latency is assumed between the states. As an example, it is assumed that UL grant for BSR would be received 4 ms after successful transmission of SR. Link error of relevant PHY channels (PDCCH, PDSCH, PUCCH, PUSCH and PRACH) is modeled using corresponding link curves except PHICH. Maximum 8 times HARQ retransmission is used, and for simplicity, ARQ retransmission is assumed to be repeated continuously. Size of messages exchanged during HO is assumed as listed in the table 2. The lowest MCS level is assumed for all the HO related messages in the table.

	
	Message Size
	Channel
	# of RBs
	Modulation
	Coding Rate

	Buffer Status Report (BSR)
	32 bits (4B)
	PUSCH
	2
	QPSK
	0.0972

	Measurement Report (MR)
	152 bits (19B)
	PUSCH
	6
	QPSK
	0.1018

	HO Command
	456 Bits (57B)
	PDSCH
	17
	QPSK
	0.09568

	Random Access Response (RAR)
	56 Bits (7B)
	PRACH
	3
	QPSK
	0.0977

	HO Complete
	40 bits (5B)
	PUSCH
	3
	QPSK
	0.08


Table 2 Size of Messages Exchanged during Handover
The handover procedure can be modeled differently in different simulations. But the link performance of involved physical channels should be modeled using corresponding link curves to generate more realistic performance result. If the link performance is simplified too much as in TR36.839, the evaluation result can be distorted as shown in the table 1.
3.5 Re-establishment Procedure

The following UE operation is assumed to model RRC connection re-establishment procedure:
· UE measures RSRP and RSRQ of all the detected cells and check if it satisfies S criteria as defined in TS36.304[4] with configurations typically used in TS36.133[5]. (Qrxlevmin set to -140dBm, Qqualmin set to -20dB)
· UE selects the strongest cell (i.e., a cell with the strongest RSRP) among the cells satisfying S criteria, and performs RRC connection re-establishment procedure toward it.
Note that the interruption time due to the connection re-establishment varies depending on whether the UE performs RRC connection re-establishment towards prepared/un-prepared or suitable/un-suitable cells. For each case, we can calculate the reestablishment interruption time as expressed in Table 3. In the simulation, we assume that there are no un-suitable cells that do not allow a UE to be connected to them.

Table 3 Re-establishment time for RLF recovery success and failure

	
	Interruption time
during RRC connection re-establishment

	Re-establishment towards a prepared cell
(  UE returns to the same cell

(  UE selects a cell of a prepared eNB
	(  SIB acquisition = 200 ms
(  Random access + RRC procedure delay = 50 ms
→  Total (250 ms)

	Re-establishment towards an un-prepared cell
(  UE selects a cell of a different eNB that is not prepared
	(  SIB acquisition = 200 ms

(  Random access + RRC procedure delay = 50 ms

(  Cell selection + NAS recovery = 200 ms 
→  Total (450 ms)

	T311 expiry when  there is no suitable cell
for re-establishment
	(  T311
(  Initial connection setup (61 ms)


3.6 System Parameters and Mobility Parameters

Detailed system parameters and mobility parameters are listed in Appendix.
4 Conclusion
The methodology in the HetNet TR36.839 [1] assumes that message exchange is not successful always if T310 is running. But this is not realistic. Considering that Qout corresponds to the link quality where PDCCH has 10% error, the UE can receive the PDCCH with 90% success probability even if T310 is running. Also the following message/data exchange can be successful as HARQ gain compensates the bad link quality. In this contribution, we point out the limitation of current HetNet methodology, and provide alternative models to evaluate RLF phenomenon.
Proposal: The performance of involved physical channels should be modeled more accurately, e.g., using corresponding link curves, to analyze RLF performance in low SINR region (i.e., during handover).
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6 Appendix
6.1 System Parameters

	Parameter
	Macro
	Small Cell

	Number of Sites
	19 (wrap around)
	4 or 10 per cell

	Number of Sectors
	3
	1

	Inter-Site Distance (ISD)
	500 m
	NA

	BS/UE Height
	25 m/1.5 m
	10 m/1.5 m

	Bandwidth
	10 MHz (DL) + 10MHz (UL)

	Carrier Frequency
	2 GHz

	BS/UE Tx Power
	46 dBm/23 dBm
	30 dBm

	Path Loss
	128.1+37.6*log10(d/1000)
	140.7 + 36.7log10(d/1000)

	Shadowing Factor
	8 dB
	10 dB

	Site-to-Site Correlation
	0.5

	Correlation Distance
	25m

	BS Antenna Gain + Cable Loss
	15 dBi
	5 dBi

	UE Antenna Gain
	0 dBi

	BS Antenna Pattern (horizontal)
	70 degrees (3 dB)
Am=25 dB
	0 dB

	BS Antenna Pattern (vertical)
	10 degrees (3 dB)
15 degrees (Tilt)
SLAv=20 dB
	0 dB

	UE Antenna Pattern
	Omni

	Fast Fading
	None

	Penetration Loss
	20 dB

	Thermal Noise
	-174 dBm/Hz

	Noise Figure
	7 dB

	HARQ
	Chase Combining

	Max HARQ Retransmissions
	8

	Loading Factor
	1

	HARQ Delay
	4 ms

	MIMO
	None

	SR Configuration
	SR Configuration Index 0

	sr-ProhibitTimer
	0

	RACH Configuration
	RACH Configuration Index 3

	RACH Power Ramping Up Step Size
	0dB

	RACH preambleTransMax
	No Limit During T304

	ra-ResponseWindowSize
	5ms

	UL Power Control Factor
	0.8

	UL Power Control PUSCH
	- 85 dBm

	UL Power Control PUCCH
	-112 dBm

	UL Power Control PRACH
	- 104 dBm

	UL IoT Average
	8 dB

	UL IoT Standard Deviation
	1 dB


6.2 Mobility Parameters

	Parameter
	Value

	Trigger Quantity
	RSRP

	Time To Trigger (TTT)
	160 ms

	A3 Offset (Off)
	0

	Cell Specific Offset (Ocn, Ocp)
	0

	Frequency Specific Offset (Ofn, Ofp)
	0

	Hysteresis Margin
	2 dB

	Scanning Period
	40 ms

	L1 Measurement Filtering Period
	200 ms

	L1 Measurement Report Interval
	200 ms

	L3 Filter Coefficient
	1

	Triggering Condition
	Event Dependent

	Minimum Time of Stay for Ping Pong
	1s

	T304 (HO supervision timer)
	200 ms

	N310 (Number of  Out-of-Sync)
	1

	T310 (RLF Timer)
	1s

	N311(Number of  In-Sync)
	1

	T311
	1s

	Qin
	-6 dBm

	Qout
	-8 dBm

	Connection Re-establishment Delay (After RLF)
	250 or 450 ms

	Handover Decision Time (Intra-Site)
	4 ms

	Handover Decision Time (Inter-Site, Small cell avg. hand-in/out)
	50 ms

	Handover Decision Time (Small cell worst hand-in/out)
	100 ms

	DL Synchronization Delay
	3 ms
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