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1
Introduction

In RAN2 #83, Early HO Preparation and early HO CMD solution in [3] were discussed and some concerns (e.g. the complexity of two HO CMDs, additional signalling overhead, data forwarding issue…) were presented. This contribution addresses these questions and provides the complete view of the solution. 
2
Solution Description
As shown in the below message sequence, two measurement reports are used; the 1st MR triggers the handover preparation and HO CMD, and the 2nd MR triggers the actual handover. In the following, the detailed procedure of the updated solution is described, the performance is carefully simulated and the corresponding simulation results are illustrated, in the following call flow, the red highlight is marked as the difference with normal handover procedure.
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Figure 2.1 Early HO CMD Solution
1. The Measurement Control from the Source eNB contains two configuration; the first one for configuring reporting with an Initial Radio Condition e.g. with lower TTT value and the second one with a normal/ higher TTT.

2. The Measurement Report at Step 2 is triggered/ sent corresponding to the Configuration 1 (for lower TTT or TTT=0).

3. In Step 7 the Source eNB sends the Handover Command (RRC Conn. Reconfig. with Mobility Control Information) to the UE. However, UE upon receiving the Handover Command just stores it but does not start executing the Handover (i.e. does not start Synchronizing, RACHing to the target Cell yet) but continues normally in the Source Cell (i.e. data transfer, measurements, reporting etc. continue as before receiving the Handover Command). As from the network’s perspective, the Source eNB may continue transmitting the data to the UE.
4. In Step 8.a, the Measurement Report for Configuration 2 is triggered/ sent to the network. UE starts executing the Handover (i.e. starts Synchronizing, RACHing to the Target Cell). Upon receiving the Measurement Report (for Configuration 2), the Source eNB may stop the data transmission to the UE and forward data to the Target eNB.

2.1 Data forwarding

The data forwarding issue of early HO CMD solution has been studied, and the following analyzes another possible approach compared to that in figure 2.1 (data forwarding is after receiving MR2).
Figure 2.1-1 illustrates the call flow when Source eNB does not rely/ wait-for reception of MR2 for data forwarding.
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Figure 2.1-1
Of course as a possible network implementation, the source could, if it did not receive the MR2, start the Data Forwarding only when it received the End Marker from the S-GW.
Based on the above analysis, data forwarding procedure does not need much change since this is anyway network implementation

As on the question on what SN are indicated to the Target eNB, the following figure indicates the situation:
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Figure 3: Data Forwarding: The DL-SN set in the STATUS TRANSFER message is set to 15 i.e. the last SDU transmitted to the before the HO CMD was sent.
As shown in the above figure, the Data forwarding is done as in the legacy; the only change being that the Target would use the SN starting from where the source stopped assigning SN to the SDUs (in this example 19 (instead of 16)). The source would continue to schedule the UE even after sending the HO Command message to it and it need not update the successful SDU transmission instead forward all SDUs to Target eNB. UE’s PDCP Status Report is important and informs the Target eNB about the reception Status of SDUs that were even received after receiving HO Command message from the source eNB.

In UL the operation at eNB is very much implementation dependent i.e. it will re-establish PDCP/ RLC only when it stops sending UL grants to the UE and therefore the SN STATUS Transfer message will contain the correct picture of PDCP SDU reception at the source eNB.

Observation 1: Data forwarding procedure does not need much change in Early Handover CMD Solution.
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 and early HO command procedure are considered.

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

W/O Early HO CMD: Performance without Early HO CMD solution.

Case 1: Baseline simulation with the parameters presented in set 3 in table 5.3.2.1 in large scale calibration [1] where pico cells are fixed deployed, TTT=160ms;

Case 2: Simulation in the scenario where pico cells are randomly deployed with parameters presented in set3, TTT=160ms;
Early HO CMD: Performance with Early HO CMD solution used.

Case 1: Early HO CMD simulation with the parameters presented in set 3 in table 5.3.2.1 in large scale calibration [1] where pico cells are fixed deployed, TTT_1 for MR 01=0 and TTT_2 for MR 02=160ms; 

Case 2: Early HO CMD simulation in the scenario where pico cells are randomly deployed with parameters presented in set 3, TTT_1=0 and TTT_2=160ms;
Case 3: Early HO CMD simulation with the parameters presented in set 3 in table 5.3.2.1 in large scale calibration [1] where pico cells are fixed deployed, TTT_1 for MR 01=80ms and TTT_2 for MR 02=160ms; 

Case 4: Early HO CMD simulation in the scenario where pico cells are randomly deployed with parameters presented in set 3, TTT_1=80ms and TTT_2=160ms;
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 3 in both W/O Early HO CMD and Early HO CMD, 1 pico cell is deployed per macro 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 2 and case 4 in both W/O Early HO CMD and Early HO CMD, 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 cases. 
Table 3.2.1 HOF Rate for Early HO CMD solution

	       Cases
HO Types
	Case 1
(Baseline-Set 3
TTT=0ms/160ms)
	Case 2
(Random Picos-Set 3
TTT=0ms/160ms)
	Case 3
(Baseline-Set 3 TTT=80ms/160ms)
	Case 4
(Random Picos-Set 3
TTT=80ms/160ms)

	M2M
	W/O Early HO CMD
	2.86%
	4.18%
	-
	-

	
	Early HO CMD
	1.39%
	2.10%
	2.02%
	2.79%

	M2P
	W/O Early HO CMD
	3.68%
	4.72%
	-
	-

	
	Early HO CMD
	1.31%
	1.84%
	2.00%
	2.91%

	P2M
	W/O Early HO CMD
	6.33%
	7.84%
	-
	-

	
	Early HO CMD
	1.70%
	2.59%
	3.91%
	5.51%

	P2P
	W/O Early HO CMD
	18.18%
	12.46%
	-
	-

	
	Early HO CMD
	0.00%
	4.58%
	15.38%
	7.27%

	Overall HOF
	W/O Early HO CMD
	3.36%
	5.48%
	-
	-

	
	Early HO CMD
	1.42%
	2.26%
	2.25%
	3.62%


According to the above table, it could be found that the HOF rates decline obviously when Early HO CMD is used. All the state 2 handover failures are eliminated, see Appendix B. 

Observation 2: Solution “Early HO CMD” could eliminate handover failure in state 2 and reduce the total HOF rate significantly.
The reason for the decrease of HOF rate is that the UE has stored one or more handover configurations obtained in the Early HO CMD procedure which could be used by the UE when it triggers actual Handover. However, there is some expense for this handover performance promotion.
3.3 Additional Signalling

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

From section 2, it can be found that Early HO CMD procedure only adds one additional Uu interface signalling (one more measurement report message) compared with normal handover procedures and there is no extra X2 signalling overhead. And as we all know, the measurement sampling is collected to layer 3 every 200ms. Hence for set 3, no A3 leaving happens because the measurement sampling from layer 1 gets no update during TTT(160ms). Therefore, we have the following result on comparison of signalling overhead:
Uu interface:

Signalling overhead with normal HO (MR+HO CMD) : Signalling overhead with EarlyHOCMD (MR 01+HO CMD+MR02) = 2:3

X2 interface:

Signalling overhead with normal HO (HO Request+HO Request ACK) : Signalling overhead with EarlyHOCMD (HO Request+HO Request ACK)=1:1

For people’s information, we also analyzed the possible A3 leaving probability for Set 1 (TTT=0ms/480ms). From [3], it’s observed that the A3 leaving probability is 38%. The comparison turns to be:
Uu interface:

Signalling overhead with normal HO (MR+HO CMD) : Signalling overhead with EarlyHOCMD (MR01+HOCMD++MR02) = (0*0.38+2*0.62):(2*0.38+3*0.62)=1.24:2.62
X2 interface:

Signalling overhead with normal HO (HO Request+HO Request ACK) : Signalling overhead with EarlyHOCMD (HO Request+HO Request ACK) = (2*0.62):(2*1)=0.62:1
Comparing to the improved HO performance, we believe that for set 3, the additional cost of signalling overhead is at an acceptable level.
Observation 3: Solution “Early HO CMD” improves the HO mobility performance with an acceptable signalling overhead.

4
Conclusion 
Observation 1: Data forwarding procedure does not need much change in Early Handover CMD Solution.

Observation 2: Solution “Early HO CMD” could eliminate most handover failure in state 2 and reduce the total HOF rate significantly.
Observation 3: Solution “Early HO CMD” improves the HO mobility performance with an acceptable signalling overhead.
Proposal: It is proposed to discuss “Early HO CMD” solution to promote the mobility performance in HetNet.
5
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Appendix A: Simulation parameters
Basic Radio Configuration

	Items
	Macro cell
	Pico cell

	Layout
	7/21, ISD=500m
	4 pico/sector randomly placed for case 2 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
	TTT=160ms

TTT_1=0/ TTT_2=160ms (set 3); 

TTT_1=80/ TTT_2=160ms (set 3);

	A3-offset
	2dB (set 3)

	RSRP L3 Filter K
	1 (set 3)

	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
	477
	152
	21366
	2.86

	M2P
	93
	27
	3145
	3.68

	P2M
	190
	17
	3065
	6.33

	P2P
	2
	0
	9
	18.18


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
	177
	134
	22082
	1.39

	M2P
	34
	13
	3538
	1.31

	P2M
	44
	17
	3528
	1.70

	P2P
	0
	0
	21
	0.00


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
	547
	171
	16474
	4.18

	M2P
	293
	69
	7305
	4.72

	P2M
	557
	46
	7085
	7.84

	P2P
	162
	19
	1272
	12.46


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
	233
	146
	17701
	2.10

	M2P
	84
	61
	7717
	1.84

	P2M
	156
	48
	7678
	2.59

	P2P
	56
	12
	1437
	4.58


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
	300
	154
	22077
	2.02

	M2P
	46
	25
	3487
	2.00

	P2M
	121
	18
	3415
	3.91

	P2P
	2
	0
	11
	15.38


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
	369
	138
	17697
	2.79

	M2P
	179
	55
	7804
	2.91

	P2M
	393
	50
	7604
	5.51

	P2P
	96
	18
	1455
	7.27
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