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1
Introduction

In RAN #58, the objectives of the Work Item were determined and the first objective is “Improve overall HO performance with regard to HO failure rate and Ping-pong in HetNet environments”. The solution named as “Early Handover Preparation and Early HO CMD” is provided in this contribution and the main purpose of this solution is to eliminate HOF in state 2. In the following section, the detailed procedure of this solution is described, the performance is carefully simulated and the corresponding simulation results are illustrated for various phases and cases.
2
Solution Description
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Figure 2.1 Early HO Preparation and Early HO CMD Solution
Below is the detailed description of the Early HO Preparation and Early HO CMD Solution:
1. The source eNB configures the UE measurement procedures.

2. Upon the entry condition is applicable for A3 event the UE starts the TTT timer and sends the Early HO Preparation Msg to the source eNodeB, informing the source eNodeB the potential HO target eNodeBs (from eNodeB 01 to eNodeB N in the above figure).
3. When receiving the informing message from the UE the source eNodeB launches the HO preparation procedures to the potential target eNodeBs contained in the informing message, according to current X2 procedure or S1 procedure.
4. The source eNodeB sends the Early HO Command Msg to the UE, and the UE preserves the configurations and the reserved resources upon receiving the message. Then the UE sets potential target eNodeB n as the handover target eNodeB according to the received message or set the target eNodeB itself based on some condition, for instance, RSRP.

5. The UE transmits the Measurement Report to the source eNodeB upon the TTT timer expires. If the leaving condition for A3 event is fulfilled the UE will not transmit the Measurement Report to the source eNodeB and the Early HO Preparation procedure ends.
6. Upon receiving the Measurement Report the source eNodeB also launches the HO preparation procedures, and generates the HO Command according to the results of the procedure. And the target eNodeB in HO CMD is also the eNodeB n.
7. The source eNodeB sends the HO Command to the UE:

1) The HO Command is not successfully received (see step 9-1)); or,
2) The HO Command is successfully received (see step 9-2))).

8. The source eNodeB forwards the user data to the target eNodeB and the target eNodeB buffers it.
9. Two possible circumstances:

1) The HO procedure is launched by the UE according to the Early HO Command Msg if the HO Command was not successfully received. The timer to trigger the HO procedure could be T310 or a newly defined one. 
2) The HO procedure is launched by the UE according to the HO Command if the HO Command was successfully received.

10. The target eNodeB launches the Path Switch procedure to the MME and the path will be changed after this procedure.
11. The target eNodeB informs success of HO to source eNodeB and triggers the release of resources by the source eNodeB by sending the UE CONTEXT RELEASE message.
12. The source eNodeB informs the potential target eNodeB(s), except the target eNodeB, to release the resources reserved in the Early Preparation procedure.
Note 1: The steps highlighted in red in the figure above are the key steps in the Early Preparation solution.

Note 2: “Early Handover Request” and “Early Handover Request Ack” were used in the above figure with the purpose to differentiate the HO Preparation procedure caused by Early Preparation solution and the procedure caused by normal handover in literal.
Note 3: For step 04 and step 05, it is possible that the Early HO Command Msg is received by the UE after the Measurement Report has been transmitted when the TTT timer is very short, for example only dozens of milliseconds. So methods should be adopted to prevent this from happening.
Note 4: The handover preparation procedure in step 06 could be simplified, for example, the source eNodeB only launches the handover preparation towards those cells that are not included in the Early HO Preparation Msg.
Note 5: The Reserved resources Release Procedure in step 12 could also be initiated by the potential target eNodeB itself after a scheduled time.
3
Performance
An analysis of the performance of the solution proposed in Section 2 is presented in this section. In this solution, early HO preparations are initiated and so does the early HO command Msg..

The simulations presented in this section could be categorized as follows:

W/O EarlyHOPrep_and_HOCMD: Performance without Early HO Preparation solution.

Case 1: Baseline simulation with the parameters presented in set 3 in table 5.3.2.1 in [1];

Case 2: Simulation with the parameters presented in set 1 in table 5.3.2.1 in [1];

Case 3: Simulation in the scenario where pico cells are randomly deployed with parameters presented in set3;

Case 4: Simulation in the scenario where pico cells are randomly deployed with parameters presented in set1;

EarlyHOPrep_and_HOCMD: Performance with Early HO Preparation solution used.

Case 1: Early HO Preparation simulation with the parameters presented in set 3; 

Case 2: Early HO Preparation simulation with the parameters presented in set 1

Case 3: Early HO Preparation simulation in the scenario where pico cells are randomly deployed with parameters presented in set 3;

Case 4: Early HO Preparation simulation in the scenario where pico cells are randomly deployed with parameters presented in set 1.
Note: The reason we did the simulation for Set 1 is to evaluate how A3 leaving event impacts the redundant signalling. Because for Set 3, the short TTT value (160ms) is not long enough to get an updated RSRP, which means A3 leaving never happens.
3.1
Simulation setup
According to the simulation phases mentioned before, we carried out the simulations based on the following setups:

For case 1 and case 2 in both W/O EarlyHOPrep_and_HOCMD and EarlyHOPrep_and_HOCMD, 1 pico cell is deployed permacro cell and each of the pico cells are placed at the centre point on the border between two macro sites at 0.5 ISD. For case 3 and case 4 in both W/O EarlyHOPrep_and_HOCMD and EarlyHOPrep_and_HOCMD, 4 pico cells are randomly deployed per macro cell. And in all the simulations, the pico cells are deployed on the same frequency layer as macro and the UEs move freely using straight line of movement in the wrap-around simulation area. The used parameters are described in detail in Appendix A.
3.2
Simulation results
3.2.1    HOF Rate

Based on the solution description in section 2 and the simulation setup described in section 3.1 we have executed a set of simulations in different scenarios with different assumptions. To make a comparison, here we illustrate the HOF rate performance for four cases. Please note that the intention of simulating Set 1 is to evaluate the impact of A3 leaving to signaling redundance.

Table 2.2.1 HOF Rate for Early HO Preparation and Early HO CMD solution

	       Cases
HO Types
	Case 1
(Baseline-Set 3)
	Case 2
(Baseline-Set 1)
	Case 3
(Random Picos-Set 3)
	Case 4
(Random Picos-Set 1)

	M2M
	W/O EarlyHOPrep_and_HOCMD
	3.10%
	13.90%
	4.20%
	18.20%

	
	EarlyHOPrep_and_HOCMD
	0.80%
	0.8%
	1.10%
	1.38%

	M2P
	W/O EarlyHOP_and_HOCMD
	3.90%
	18.30%
	4.80%
	21.09%

	
	EarlyHOPrep_and_HOCMD
	0.80%
	0.9%
	1.10%
	1.12%

	P2M
	W/O EarlyHOPrep_and_HOCMD
	6.50%
	37.20%
	8.10%
	41.79%

	
	EarlyHOPrep_and_HOCMD
	0.60%
	2.5%
	0.70%
	2.80%

	P2P
	W/O EarlyHOPrep_and_HOCMD
	16.50%
	66.70%
	12.00%
	48.23%

	
	EarlyHOPrep_and_HOCMD
	3.70%
	0.0%
	1.70%
	3.86%

	Overall HOF
	W/O EarlyHOPrep_and_HOCMD
	3.62%
	18.94%
	5.53%
	27.96%

	
	EarlyHOPrep_and_HOCMD
	0.78%
	1.17%
	1.02%
	1.88%


According to the above table, it could be found that the HOF rates decline obviously when Early HO Preparation and Early HO CMD is used. All the state 2 handover failures are eliminated for case 1 and case 3, and most state 2 handover failures are eliminated for case 2 and case 4 where the A3 Leaving is taken into account, see Appendix B. 

Observation 1: Solution “Early HO Preparation and Early HO CMD” could eliminate most handover failure in state 2 andreduce the total HOF rate significantly.
The reason for the sharp decrease of HOF rate is that the UE has stored one or more handover configurations obtained in the Early HO Preparation and Early HO CMD procedure which could be used by the UE when it failes to receive or decode the HO CMD. However, there is also some expense for this handover performance promotion.
3.2.2    Additional Signallings

The handover performance is promoted at the expense of additional signallings.

From section 2 we can find that the Early HO Preparation and Early HO CMD procedure is initiated upon the entering condition of A3 event is satisfied and the whole procedure includes two Uu-interface signallings. That is to say, if the A3 Leaving is not considered (set 3), the ratio between the additional signallings and the signallings caused by normal handover procedure is 1:1, if the A3 Leaving is considered, for instance, the probability of A3 Leaving is 0.38 which was used in the simulation case 2 and case 4, the ratio between the additional signallings and the signallings caused by normal handover procedure is 1:0.62.

From the simulation results in Annex B, we observe that in most cases, the potential target cell in MR message is not changed from the first indication. Also we feel that usually the reconfiguration in two HO CMD messages should be the same. Hence, the newly introduced messages could be simplified to reduce the signaling overhead.

On the other hand, the enhancement of mobility performance makes the interruption time caused by HOF reduced, which means accordingly the data throughput gets improved. Therefore, we consider the cost of extra signaling is acceptable.

Observation 2: Solution “Early HO Preparation and Early HO CMD” improves the HO mobility performance with acceptable signaling overhead.

Proposal: It is proposed to discuss “Early HO Preparation and HO CMD” solution to promote the mobility performance in HetNet.
4
Conclusion 
Observation 1: Solution “Early HO Preparation and Early HO CMD” could eliminate most handover failure in state 2 and also reduce the total HOF rate significantly.
Observation 2: Solution “Early HO Preparation and Early HO CMD” improves the HO mobility performance with acceptable signaling overhead.

Proposal: It is proposed to discuss “Early HO Preparation and HO CMD” solution to promote the mobility performance in HetNet.
5
References
[1] TS 36300;
[2] TR 36839-b10.
Appendix A: Simulation parameters
Basic Radio Configuration

	Items
	Macro cell
	Pico cell

	Layout
	7/21, ISD=500m
	1 pico/macro for case 1 and case 2 in both Phase I and Phase II
4 pico/sector randomly placed for case 3 and case 4 in both Phase I and Phase II

	Carrier Frequency
	2.0GHz
	2.0GHz

	Bandwidth
	10MHz
	10MHz

	BS Antenna gain
	15dBi
	5dBi

	Antenna gain of UE
	0dBi
	0dBi

	Shadowing standard deviation
	8dB
	10dB

	Correlation distance 

of Shadowing
	25m
	25m

	Shadow correlation
	0.5 between cells/ 1 between sectors
	0.5 between cells

	Fast fading
	3GPP case 1
	3GPP case 1

	BS Total TX power
	46dBm
	30dBm

	UE power class
	23dBm
	

	Antenna configuration
	1X2
	1X2

	Antenna Height
	32m
	10m

	UE antenna Height
	1.5m
	

	Number of UEs
	10/macro
	

	Minimum distance pico-macro
	75m
	

	Minimum distance pico-pico
	
	40m


Mobility Specific Parameters

	Items
	Discription/Value

	UE speed
	30km/h

	TimeToTrigger
	160ms (set 3); 

480ms (set 1)

	A3-offset
	2dB (set 3)

3dB (set 1)

	RSRP L3 Filter K
	1 (set 3)

4 (set 1)

	Handover preparation (decision) delay
	50ms

	Handover execution time
	40ms

	t310
	1000ms


Appendix B: Simulation Results
Case 1 in Phase I

	
	Number of State 2 HO Failure
	Number of State 3 HO Failure
	Number of Success HO
	HO Failure Rate

	M2M
	3005
	1026
	125427
	3.10%

	M2P
	634
	148
	19507
	3.90%

	P2M
	1226
	101
	18983
	6.50%

	P2P
	15
	3
	91
	16.50%


Case 1 in Phase II
	
	Number of State 2 HO Failure
	Number of State 3 HO Failure
	Number of Success HO
	HO Failure Rate

	M2M
	0
	1046
	128303
	0.80%

	M2P
	0
	158
	20106
	0.80%

	P2M
	0
	117
	20168
	0.60%

	P2P
	0
	4
	105
	3.70%


Case 2 in Phase I
	
	Number of State 2 HO Failure
	Number of State 3 HO Failure
	Number of Success HO
	HO Failure Rate

	M2M
	4610
	60
	28966
	13.90%

	M2P
	1732
	24
	7847
	18.30%

	P2M
	3561
	8
	6017
	37.20%

	P2P
	16
	0
	8
	66.70%


Case 2 in Phase II
	
	Number of State 2 HO Failure
	Number of State 3 HO Failure
	Number of Success HO
	HO Failure Rate

	M2M
	197
	86
	33352
	0.8%

	M2P
	60
	31
	9512
	0.9%

	P2M
	210
	30
	9346
	2.5%

	P2P
	0
	0
	24
	0.0%


Case 3 in Phase I
	
	Number of State 2 HO Failure
	Number of State 3 HO Failure
	Number of Success HO
	HO Failure Rate

	M2M
	3407
	1066
	101831
	4.20%

	M2P
	1771
	472
	44651
	4.80%

	P2M
	3501
	291
	43111
	8.10%

	P2P
	924
	122
	7695
	12.00%


Case 3 in Phase II
	
	Number of State 2 HO Failure
	Number of State 3 HO Failure
	Number of Success HO
	HO Failure Rate

	M2M
	0
	1119
	105053
	1.10%

	M2P
	0
	511
	46303
	1.10%

	P2M
	0
	348
	46475
	0.70%

	P2P
	0
	148
	8579
	1.70%


Case 4 in Phase I
	
	Number of State 2 HO Failure
	Number of State 3 HO Failure
	Number of Success HO
	HO Failure Rate

	M2M
	4588
	81
	20990
	18.20%

	M2P
	4727
	47
	17859
	21.09%

	P2M
	9316
	41
	13034
	41.79%

	P2P
	2285
	14
	2468
	48.23%


Case 4 in Phase II
	
	Number of State 2 HO Failure
	Number of State 3 HO Failure
	Number of Success HO
	HO Failure Rate

	M2M
	227
	127
	25300
	1.38%

	M2P
	158
	96
	22379
	1.12%

	P2M
	514
	114
	21763
	2.80%

	P2P
	141
	43
	4582
	3.86%
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