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1
Introduction
So far the data forwarding is often assumed to be completed before UE moves to the target cell. If the forwarding is not completed, then it is not so clear whether there would be any impact on packet delivery at target eNB or not. In this contribution, firstly, we present a system level simulation results showing the X2 forwarding delay at a various X2 bandwidth. And then we propose a solution that minimizes the packet delivery when the X2 bandwidth is limiting factor in the handover procedure.
2
Discussion
The system simulation is performed for 10MHz system bandwidth and 500 inter-cell distance scenario. One UE per cell and a network of 57 cells of 19 eNB is chosen. Small cell scenario with single UE per cell is chosen because it allows a high data rate at the cell edge and therefore there are more possibilities of data forwarding than larger cell with loaded scenario. The RLC mechanism is based on the periodical polling (period of 120 msec).. The used traffic model is FTP with the fixed file size. The FTP model is supposed to give the most data forwarding gain compared to other traffics like web browsing. The remaining of simulation parameters and assumptions can be found in the appendix of this contribution.
For 50 Mbps and 100 Mbps X2 bandwidth, the data forwarding can be completed within 20msec for all cases. This implies that whole of PDCP SDU will be available when UE moves to the target cell. So that the target eNB can discard the already-received PDCP SDU based on the PDCP status report from UE and then the target eNB can start the transmission in downlink. Note that the result is shown in terms of average transfer delay and therefore it would be possible that the forwarding has not been completed after UE sends the HO completion message to the target eNB. 

Observation 1: with very high speed of X2 (50Mbps above), the downlink forwarding can be completed before UE moves to the target cell.  
Next, for the case of 10 Mbps X2 bandwidth, the average transfer delay time for the case of large FTP file size is seen as beyond 70msec. This transfer delay is obvious larger than the UE handover time and therefore the target eNB would be in the state of receiving the forwarded PDCP SDU when it received the handover complete message from UE. The target eNB should not wait for the completion of data forwarding before initiating the downlink packet transmission. As soon as PDCP status reporting from UE is available, then the target eNB can begin the downlink packet transmission while the data forwarding is on-going. 
Observation 2: with a medium speed of X2 (e.g. 10Mbps), the downlink forwarding cannot be completed before UE moves to the target cell.

Conclusion 1: Target eNB shall not wait for the completion of downlink packet forwarding before it begins the downlink packet transmission to UE.
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Figure 1: X2 forwarding delay (low speed case)
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Figure 2: X2 forwarding delay (medium speed case)
3
Conclusion and Text Proposal
In this contribution, we quantified the data forwarding delay over X2 interface using system level simulation. From our initial observation, X2 bandwidth over 50 Mbps allows the forwarding to be completed before UE moves to the target. However, for the medium X2 bandwidth of 10 Mbps or lower, it is shown that the forwarding cannot be completed after UE moves to the target cell. And therefore we propose eNB should be allowed to transmit first downlink packet even though the packet forwarding is on-going.   

10.1.2.3
Data forwarding

Upon handover, the source eNB forwards all downlink PDCP SDUs with their SN that have not been acknowledged by the UE to the target eNB. The decision of which SDUs to forward can be based for example on RLC status reports or HARQ feedback information depending on eNB implementation. The source eNB discards any remaining downlink RLC PDUs. The target eNB re-transmits and prioritize all downlink PDCP SDUs forwarded by the source eNB. Target eNB shall not wait for the completion of downlink packet forwarding before it begins the downlink packet transmission to UE. Correspondingly, the source eNB does not forward the downlink RLC context to the target eNB. 
Simulation Assumptions
Table 0‑1 UTRA and EUTRA simulation case minimum set
	Simulation
	CF
	ISD
	BW
	PLoss
	Speed

	Case
	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)

	1
	2.0
	500
	10
	20
	3


Table 0‑2 Macro-cell system simulation baseline parameters
	Parameter
	Assumption

	Cell Layout
	Hexagonal grid, 19cell sites, 3 sectors per site

	Inter-site distance (ISD)
	See Table 0‑1

	Distance-dependent path loss
	L=128.15+37.6*log10(R), R in kilometers

	Lognromal Shadowing
	Similar to UMTS 30.03 B1.4.1.4

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss
	See Table 0‑1

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Channel Model
	TU

	UE speeds of interst
	3 km/n

	Total BS Tx Power
	46 dBm (40 W)

	Inter-cell Interference Modelling
	Explicit modeling

	Antenna Bore-sight points flat side of cell (for 3-sector sites with fixed antenna patterns)
	

	User dropped uniformly in entire cell
	

	Minimum distance between UE and cell
	200 meters

	Scheduler
	PF in time and frequency

	Traffic Model
	FTP model


Table 0‑3 Reference LTE parameters for Downlink

	Parameter
	Assumption

	Carrier Frequency / Bandwidth
	See Table 0‑1

	User bandwidth (RB size)
	180 kHz, TTI = 1 ms

	Number of data RB
	50

	MCS
	QPSK(1/12,1/9,1/6,1/5,1/4,1/3,2/5,1/2,11/20,3/5,2/3,4/5)

16QAM(9/20,1/2,11/20,3/5,2/3,3/4,4/5,19/23)

64QAM(3/5,2/3,17/25,3/4,4/5,19/23,8/9,11/12)

	HARQ
	Asynchronous adaptive with CC

6 processes

	MIMO
	Not supported

	Interference coordination
	Reuse 1

	UE receiver
	2 antenna

	NB transmitter
	1 antennas
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