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Discussion and Decision
1. Introduction 
In this contribution, we provide further information on Proposal #14 in [83#12][LTE/Het-Net] Evaluate UE based solutions for mobility robustness [1]. The solution is renamed as “Early HO CMD with Ping-Pong Avoidance” [2]. With this solution, the UE back-ups one or more “Early HO CMD” and executes handover to the optimal target eNB selected among prepared target eNBs based on back-uped “Early HO CMD” at the optimal time. The simulation results verify that this solution shows the best performance with regard to HOF rate without having an adverse effect on sToS rate. Also it greatly helps improvements to recovery from RLF by itself due to multiple “Early HO Preparations”.
2. Discussion
2.1 Rationale behind our solution
As we already know, handover parameters have great impact on overall handover performance with regard to HOF rate and ping-pong rate. We used five set of handover parameters in Table 1 for simulator calibration purposes at study item phase.
Table 1: Configuration parameter sets for simulation calibration

	Profile
	Set 1
	Set 2
	Set 3
	Set 4
	Set 5

	UE speed [km/h]
	{3, 30, 60, 120}
	{3, 30, 60, 120}
	{3, 30, 60, 120}
	{3, 30, 60, 120}
	{3, 30, 60, 120}

	Cell Loading [%]
	100
	100
	100
	100
	100

	TTT [ms]
	480
	160
	160
	80
	40

	A3 offset [dB]
	3
	3
	2
	1
	-1

	L1 to L3 period [ms]
	200
	200
	200
	200
	200

	RSRP L3 Filter K
	4
	4
	1
	1
	0


The trend of average simulation results were as expected: the HOF rate is high and the ping-pong rate is low with configuration set 1. The HOF rate is low and the ping-pong rate is high with configuration set 5 conversely. If we use smaller A3 offset and shorter TTT such as configuration set 5, it can help to decrease HOF rate, but this premature handover can cause increased ping-pong rate. On the contrary, if we use bigger A3 offset and longer TTT such as configuration set 1, it can help to decrease ping-pong rate, but this late handover can cause increased HOF rate. The average overall handover failure rate curves and ping-pong rate curves with configuration sets are shown as below excerpt from TR 36.839 [3]. This trade-off between HOF rate and ping-pong rate makes an optimal selection of A3 offset and TTT a hard problem to solve.
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Figure 1: Average overall handover failure rate curves
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Figure 2: Average ping-pong rate curves
Our solution, “Early HO CMD with Ping-Pong Avoidance”, splits handover event into handover preparation event and handover execution event. The handover preparation event is used for “Early HO Preparation” and the handover execution event is used for handover execution with “Ping-Pong Avoidance”. If we select the handover preparation event such as configuration set 5 and the handover execution event such as configuration set 1, then “Early HO Preparation” triggered by the handover preparation event helps to decrease HOF rate and handover execution triggered by the handover execution event prevents ping-pong accompanied by premature handover. 

Observation 1: Splitting handover event into handover preparation event and handover execution event with “Early HO CMD with Ping-Pong Avoidance” solution greatly helps to decrease HOF rate without sacrificing ping-pong rate.
2.2 Handover procedure
The figure below depicts the handover procedure of our proposed solution.

[image: image3.emf]1.Measurement Report

UE

Potential

Target

eNB#1

2.Handover Preparation

3.Handover Preparation ACK

Source

eNB

4.Handover Command

HO Preparation

eventfor eNB#1

HO Execution 

event for eNB#1

5.Handover Indication

6.Handover Indication ACK

7.Handover Indication & Data Forwarding

9*.Resource Release

8. HO Execution

Potential

Target

eNB#2

Resource 

Reservation

1*.Measurement Report

2*.Handover Preparation

3*.Handover Preparation ACK

4*.Handover Command

HO Preparation

eventfor eNB#2

Resource 

Reservation


Figure 3: Proposed solution – “Early HO CMD with Ping-Pong Avoidance”
Below is a brief description of the handover procedure:
1. When a “Handover Preparation event” for the potential target eNB#1 is triggered, the UE sends Measurement Report to the source eNB. The “Handover Preparation event” can be such as A3 event with offset1 (smaller offset) without TTT, etc. (“Early HO Preparation”)
2. The source eNB sends Handover Preparation to the target eNB#1 based on the Measurement Report.

3. The target eNB#1 performs admission control and resource reservation and sends Handover Preparation ACK to the source eNB.

4. The source eNB sends Handover Command to the UE. (“Early Handover Command”; Early HO CMD)
If “Handover Preparation event” for other potential target eNB, e.g. target eNB#2, is triggered, another handover preparation is performed. (Flows from 1* to 4* in the gray box)
5. After receiving “Early HO CMD”, the UE does not execute handover to the target eNB immediately. The UE just back-ups “Early HO CMD” and performs measurement continuously. Then the UE decides an optimal handover time and an optimal target eNB based on the continuous measurement. Because the UE has the best knowledge of its radio conditions in a timely manner, its decision can be the best optimum. If the UE decides an optimal handover time and an optimal target eNB triggered by “Handover Execution event”, the UE sends Handover Indication notifying the source eNB of immediate handover execution and selected target eNB. The “Handover Execution event” can be such as A3 event with offset2 (bigger offset), etc. (hereafter A7 event). (“Handover Indication” with “Ping-Pong Avoidance”) 
Figure 1 shows the case that the UE back-ups “Early HO CMD” for target eNB#1 and target eNB#2 and selects target eNB#1 as an optimal target to handover.
6. The source eNB sends Handover Indication ACK to acknowledge successful reception of Handover Indication. If the UE does not receive ACK, the UE can retransmit Handover Indication message.

7. The source eNB sends X2 Handover Indication to the selected target eNB#1. After that, the source eNB performs data forwarding to the selected target eNB#1. 

8. The UE disconnects from the source eNB and connects to the target eNB#1.

9. After source eNB is informed of successful handover, it sends Resource Release to other prepared target eNBs prepared, i.e. target eNB#2 in this case.

2.2 Signalling aspects

With this solution, there are some additional signallings, but it greatly improves overall HO performance at the expense of marginal additional signallings.

This solution increases somewhat MR traffics incurred by not considering A3 leaving and X2 signallings incurred by “Early HO Preparation”. But this “Early HO Preparation” can eliminate almost HOF in state 2 and raises a possibility of successful re-establishment to the prepared target. Based on our simulation, as stated in section 4, this solution shows the best improvement with regard to HOF rate without sacrificing sToS rate. Also it greatly helps improvements to recovery from RLF by itself; the details of improved recovery from RLF with this solution are in a companion contribution [4].
This solution requires one additional UL HO IND. It is used to notify the source eNB of immediate HO execution and selected target eNB. It avoids ping-pong caused by premature “Early HO CMD” and promotes decision of an optimal HO time and an optimal target eNB in a timely manner. It improves overall HO performance with regard to ping-pong rate.
Observation 2: “Early HO CMD with Ping-Pong Avoidance” solution greatly improves overall HO performance at the expense of marginal additional signallings.
Observation 3: “Early HO CMD with Ping-Pong Avoidance” solution helps improvements to recovery from RLF by itself.
2.3 Handover robustness

The section explains handover robustness of “Early HO CMD with Ping-Pong Avoidance” solution. 
Figure 4 shows UE’s moving distance from position A until the UE executes HO regardless of fading. HO region (from position A, i.e. A3 event triggered, to position B, i.e. PDCCH outage) is supposed to be 2.375m as Macro-to-Pico HO region in [5]. We used these parameters,

TTT in Baseline: 160ms (3Km/h, 30Km/h, 120Km/h), TTT in MSE-based TTT scaling: 480ms (3Km/h), 160ms (30Km/h), 40ms (120Km/h)

HO preparation delay: 50ms, HO execution time: 40ms, HO execution time in Proposal #14: 30ms (because the UE has already processed and back-uped HO CMD)

In Baseline, in 3Km/h case, HO is executed at 0.21m. It can result in ping-pong or HOF in state 3. But, in 120Km/h case, HO is executed at 8.33m. It can result in HOF in state 2. 
MSE-based TTT scaling case is not much different from Baseline case. In 3Km/h case, HO is executed at 0.48m. It can result in ping-pong or HOF in state 3 as ever. But, in 120Km/h case, HO is executed at 4.33m. It can result in HOF in state 2 as ever. Therefore, MSE-based TTT scaling is not much helpful to handover robustness in comparison with Baseline.
In Proposal #14 case, if HO execution event is occurred around at 1.8m, HO is executed at 1.83m in 3Km/h case, at 2.05m in 30Km/h case, at 2.80m in 120Km/h case. All these HOs will succeed with higher probability. Even though PDCCH outage in 120Km/h case can cause transmission failure of UL HO IND, HO in that case will succeed despite HO IND failure, as shown in Figure 5. Basically we don’t consider using TTT for HO preparation event and HO execution event at present. The suppositional TTE (Time to Execute, i.e. the elapsed time from the receipt of “Early HO CMD” to the transmission of HO IND), which is not a real timer, is well scaled automatically based on the real mobility speed of the UE, so the UE can execute HO at an optimal time.
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Figure 4: Handover robustness of Proposal #14 – HO region 2.375m case

Observation 4: TTT is not an influential parameter for handover robustness no matter how exactly MSE-based TTT scaling is used. Real mobility speed-based automatic TTE (Time-to-Execute) scaling in “Early HO CMD with Ping-Pong Avoidance” solution will outperform inaccurate MSE-based TTT scaling.

2.4 Stability

“Early HO CMD with Ping-Pong Avoidance” solution is more stable than current HO procedure.

If MR or HO CMD failed, standard RLF occurs with lower probability than current HO and the re-establishment can succeed with higher probability than current HO due to “Early HO Preparation”.

Even if HO IND failed, the UE executes HO to the selected target eNB. Then the target eNB can request source eNB to perform data forwarding, sending X2 SN Status Transfer Request. Then the source eNB sends SN Status Transfer and performs data forwarding to the target eNB. Therefore the HO succeeds despite HO IND failure. It helps to improve overall HO performance with regard to HOF rate also. The figure below depicts a successful HO procedure despite HO IND failure.
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Figure 5: Successful Handover despite HO IND failure

If RLF occurs after receipt of “Early HO CMD”, the re-establishment can succeed with higher probability due to “Early HO Preparation” and “Early HO CMD”; the details of improved recovery from RLF with “Early HO CMD with Ping-Pong Avoidance” solution are in a companion contribution [4].
Observation 5: “Early HO CMD with Ping-Pong Avoidance” solution is more stable than current HO procedure due to “Early HO Preparation” and “Early HO CMD”.

2.5 User-Plane aspects

“Early HO CMD with Ping-Pong Avoidance” solution is more efficient than current HO procedure with regard to user plane operation during HO.

Most of all, the HO interruption time is shorter than current HO procedure. In current HO procedure, the HO interruption time is usually from the time of sending HO CMD at source eNB to the time of receiving HO Complete at target eNB. But, with this solution, the HO interruption time can be from the time of receiving HO IND at source eNB to the time of receiving HO Complete at target eNB.
Furthermore, at the target eNB, the time required to buffer forwarded data from source eNB is shorter than current HO procedure because target eNB needs to buffer forwarded data from source eNB during HO interruption time.
Also in most cases, this solution supports seamless HO whichever target eNB the UE selects. The current HO procedure can support seamless HO only if the UE executes HO to the target eNB decided by the source eNB.
Observation 6: “Early HO CMD with Ping-Pong Avoidance” solution is more efficient than current HO procedure with regard to user plane operation during HO including shortened HO interruption time.

3. Specification impacts
“Early HO CMD with Ping-Pong Avoidance” solution requires specification changes. The specification changes expected are listed below but not exhaustive.

	Spec #
	section
	Added or Updated
	Title
	Description

	36.306
	4.3.15.5
	Added
	earlyHOCMDHandover-r12
	This parameter defines whether the UE supports “Early HO CMD” handover.

	36.300
	10.1.2.1
	Updated
	Handover
	If the UE supports “Early HO CMD” handover, handover procedures (see section 10.1.2.1.3) …

	
	10.1.2.1.3
	Added
	“Early HO CMD” handover: 
C-plane handling
	Detailed description of the intra-MME/Serving Gateway “Early HO CMD” HO procedure

	36.331
	5.3.5.9
	Added
	Reception of an
RRCConnectionReconfiguration 
including the
mobilityControlInfo by the UE (“Early HO CMD” handover)
	If the RRCConnectionReconfiguration message includes the mobilityControlInfo and the UE supports “Early HO CMD” Handover, the UE shall …

	
	5.3.5.10
	Added
	Execution of “Early HO CMD” Handover
	If handover execution is triggered by A7 event, the UE shall …

	
	6.3.5
	Updated
	Measurement information elements ReportConfigEUTRA information element
	eventA7-r12   SEQUENCE { a7-Offset-r12 INTEGER (-30..30) }
Offset value to be used in used in EUTRA handover execution triggering condition.

	
	7.3
	Updated
	Timers - T304
	Start: in “Early HO CMD” Handover, Handover execution triggered by ACK/NACK result of Handover Indication

	
	7.3
	Added
	Timers - T307
	Start: in “Early HO CMD” Handover, Reception of RRCConnectionReconfiguration message including the MobilityControl Info
At expiry: in “Early HO CMD” Handover, Discard the back-uped RRCConnectionReconfiguration message

	36.321
	5.14
	Added
(if HO IND 
MAC CE used)
	Execution of “Early HO CMD” Handover
	If the UE supports “Early HO CMD” Handover and a transmission of HO IND is requested by upper layers, …

	
	6.1.3.9
	Added
(if HO IND 
MAC CE used)
	Handover Indication MAC Control Element
	The Handover Indication (HO IND) MAC control element is identified by MAC PDU subheader with LCID as specified in table 6.2.1-2. ...

	
	6.2.1
	Updated

(if HO IND 
MAC CE used)
	Values of LCID for UL-SCH
	11000 Handover Indication

	36.300
	20.2.2.16
	Added
(if X2 HO IND used)
	Handover Indication procedure
	The purpose of the Handover Indication procedure is to notify immediate handover of prepared UE …

	
	20.2.2.17
	Added
(if X2 SN Status Transfer Request supported)
	SN Status Transfer Request procedure
	The purpose of the SN Status Transfer Request procedure is used by a target eNB to request PDCP SN status and data forwarding from source eNB.

	36.423
	8.2.5
	Added
(if X2 HO IND used)
	Handover Indication
	The purpose of the Handover Indication procedure is to notify immediate handover of prepared UE …

	
	8.2.6
	Added
(if X2 SN Status Transfer Request supported)
	SN Status Transfer Request
	The purpose of the SN Status Transfer Request procedure is used by a target eNB to request PDCP SN status and data forwarding from source eNB.


4. Simulation results
4.1 Simulation setup

Large scale system level simulation is conducted for evaluation comparing Baseline and Proposal #14. 1 pico per macro area, uniformly distributed, are simulated. We used wrap-around model and the UE speed of 3Km/h, 30Km/h and 120Km/h are simulated. During RAN2 email discussion [82#16], companies have agreed to use Set 3 in the calibration phase as a Baseline to compare simulation results. Simulation parameters according to Set 3, as defined by TR 36.839 [3] are used.

With Proposal #14, we used handover parameters in Table 2 and other parameters as defined by TR 36.839.

Table 2: Handover parameters for simulation of Proposal #14
	
	RSRP 
L3 Filter K 
	HO preparation event

(A3 event with TTT=0ms)
	HO execution event

(A7 event with TTT=0ms)

	3Km/h
	2
	2dB
	2.5dB

	30Km/h
	2
	1.5dB
	2.5dB

	120Km/h
	2
	-1dB
	2dB


4.2 Simulation results

Table 3 shows HOF rate and sToS rate comparing Baseline and Proposal #14. Extra HO preparation means that how much the number of HO preparations of Proposal #14 is more than that of Baseline.

	Table 3: Simulation results comparing Baseline vs. Proposal #14

　
	HOF rate
	sToS rate
	Extra HO
preparation

	
	Baseline
	Proposal#14
	Gain
	Baseline
	Proposal#14
	Gain
	

	Average
	17.16%
	3.20%
	74.50%
	13.84%
	13.33%
	1.45%
	14.67%


Observation 7: Proposal #14 shows 3.2% of HOF rate on average. It is +74.5% improvements of HOF rate comparing with Baseline without sacrificing sToS rate.

Figure 6 shows HOF rate of Baseline and Proposal #14.
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Figure 6: HOF rate of Baseline vs. Proposal #14

5. Conclusion

Observation 1: Splitting handover event into handover preparation event and handover execution event with “Early HO CMD with Ping-Pong Avoidance” solution greatly helps to decrease HOF rate without sacrificing ping-pong rate.
Observation 2: “Early HO CMD with Ping-Pong Avoidance” solution greatly improves overall HO performance at the expense of marginal additional signallings.
Observation 3: “Early HO CMD with Ping-Pong Avoidance” solution helps improvements to recovery from RLF by itself.
Observation 4: TTT is not an influential parameter for handover robustness no matter how exactly MSE-based TTT scaling is used. Real mobility speed-based automatic TTE (Time-to-Execute) scaling in “Early HO CMD with Ping-Pong Avoidance” solution will outperform inaccurate MSE-based TTT scaling.

Observation 5: “Early HO CMD with Ping-Pong Avoidance” solution is more stable than current HO procedure due to “Early HO Preparation” and “Early HO CMD”.

Observation 6: “Early HO CMD with Ping-Pong Avoidance” solution is more efficient than current HO procedure with regard to user plane operation during HO including shortened HO interruption time.

Observation 7: Proposal #14 shows 3.2% of HOF rate on average. It is +74.5% improvements of HOF rate comparing with Baseline without sacrificing sToS rate.

Proposal: “Early HO CMD with Ping-Pong Avoidance” solution greatly improves overall HO performance with regard to HOF rate and helps recovery from RLF by itself in all speed cases. RAN2 is kindly requested to select “Early HO CMD with Ping-Pong Avoidance” solution as the mobility robustness enhancement for HetNet environments.
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