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1
Introduction

It has been long time taken to agree the current LTE ACTIVE mobility procedure for downlink lossless handover. The agreed procedure is mainly based on the source eNB forwarding of not delivered RLC SDU to the target eNB in order for target eNB to continue the packet transmission after UE is switched to target eNB. Investigation so far focused in the procedural aspects and we intend to provide some numerical examples to show the system level performance of the agreed lossless handover procedure. In our previous contribution [1], we presented the performance comparison of no-forwarding and cumulative forwarding. In this contribution, we also present the performance of selective forwarding and investigated whether the selective forwarding can improve the performance over cumulative forwarding.
2
Forwarding and no forwarding

Figure 1 illustrates the agreed downlink data forwarding procedure. The source eNB starts the data forwarding after it receives HO command from target eNB and UE switches to target eNB after receiving the HO command from source eNB. The UE sends HO complete message to target eNB and then UE transmits to the target eNB the status report based on PDCP SN. After reception of the status report, target eNB discards the RLC SDU that are already received by UE at source cell and it starts transmitting in downlink. In this simulation study, we assumed a 30msec, 20msec and 10msec for HO negotiation delay, re-synchronization delay and scheduling delay. Also the forwarding delay from source eNB to target eNB is assumed to be 10msec. This delay values are rather optimistic one in order to verify the best possible performance as a starting point. Also for the modelling of path switch, we assumed the path switch is triggered by source eNB which is slightly different from the current agreed model. We will investigate the impact of path switch by target eNB at later contribution. Furthermore the modelling of forwarding of RLC SDU is assumed to be ideal, i.e. infinite X2 bandwidth in this study.
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Figure 1: modelling of downlink packet forwarding
We have considered the following three alternatives for evaluation:

· No forwarding

· Cumulative forwarding

· Selective forwarding

In the “No forwarding” scheme, the source eNB discard all stored RLC PDU. This discard includes RLC SDU which has never been transmitted and also RLC SDU which are delivered but not acknowledge. This “no forwarding scheme” is chosen as the minimum performance reference for the other advanced “selective forwarding” scheme. The lost RLC SDU will not be recovered by RAN protocol but by the upper layer retransmission protocol such as TCP layer. 

The “selective forwarding” scheme is the agreed baseline. The source eNB will forward both the RLC SDUs which have been never delivered and also RLC SDU sent to the UE but not acknowledged. 

The “cumulative forwarding” scheme is similar to that of selective forwarding scheme except that the RLC SDU received in out-of-sequence will be discarded by the UE after handover and the target eNB will retransmit these discarded RLC SDU, i.e. some waste of radio resource at target but simpler forwarding operation.
3
Comparison between No FWD and Selective FWD
The system simulation is performed for 10MHz system bandwidth and 500 inter-cell distance scenario. One cell 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. 
The quantities we felt important were the number of forward SDUs from source eNB and the number of discarded RLC by target eNB. We used various file sizes of 100 kB, 2 MB and 5 MB because the TCP window size will increase with a larger file sizes and therefore more RLC SDU will be stored in source eNB buffer depending on the file size. As can be seen in the figure 2, the number of forwarded RLC SDU is linearly proportional to the file size, i.e. TCP window size and it reaches several tens of RLC SDU packets. Note that these results are obtained from the packet calls during the handover period only. Also there are some RLC SDUs being discarded after handover by target eNB, roughly 4-5 RLC SDUs for all cases. These RLC SDUs number would be dependent on the frequency of RLC status reporting at the source eNB. If the UE can manage to report the latest RLC status before moved to target cell, it would be possible to avoid unnecessary data forwarding by source eNB and discarding by target eNB. Especially for small packet call size case, the proportion of forwarded SDU and discard SDU is rather significant (i.e. 20 forwarded RLC SDU and 5 discarded RLC SDU).
Observation 1: unnecessary packet forwarding and discarding can be avoided by optimization of RLC status reporting at source eNB
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Figure 2: The number of forwarded SDU and “discarded-after-forwarded” SDU
As overall performance result, the TCP layer throughput averaged for the packet call during handover and the corresponding packet call delay is shown in the Figure 3. As it can be seen, the selective forwarding scheme outperforms significantly the no-forwarding scheme and it is confirmed that the data forwarding is essential feature to provide a good packet call throughput performance during handover.

Observation 2: TCP layer performance of selective forwarding scheme significantly outperforms the no-forwarding scheme.
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Figure 3: the forwarding performance of no FWD and selective FWD 
(packet call throughput and delay)

4 Comparison between Cumulative and Selective Forwarding

In this section, we present the performance comparison between cumulative and selective forwarding. The cumulative forwarding is implemented such that 
· Source eNB procedure
· All PDCP SDU(s) after the first non RLC Acked PDCP SDU is forwarded from source eNB to target eNB

· UE procedure
· After UE moves to the target cell, UE sends the PDCP status report to target eNB. PDCP status report contains the sequence number of last PDCP SDU that has been received in-sequence (SNrep).
· Target eNB procedure
· Based on PDCP status report, target eNB discards all forwarded PDCP SDU with the sequence number smaller or equal to SNrep.

· Target eNB starts transmitting the PDCP SDU of sequence number SNrep+1.    

From these results, we see very little gain of selective forwarding scheme over the cumulative forwarding scheme. This conclusion is derived from the fact that there is little number of PDCP SDU delivered in out-of-sequence to UE. For a large packet call size case, in fact, we can see a small gain of selective forwarding scheme, i.e. in the order of few hundreds msec, but this gain is relatively small to justify the gain of selective forwarding scheme.  
Observation 3: TCP layer performance of selective forwarding scheme is almost similar to that of the cumulative forwarding scheme.
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Figure 4: the forwarding performance Selective FWD and Cumulative FWD (packet call delay)

3
Conclusions

In this contribution, we intended to provide the first quantitative performance analysis for the agreed downlink handover procedure, i.e. the selective forward scheme which has been intensively studied qualitatively so far. We also investigated the no-forwarding scheme which would be also possible implementation choice for some deployment scenarios. Furthermore, we also investigated the performance gain of selective forwarding scheme over the cumulative forwarding scheme as well. The simulation observation shows that 

· Downlink forwarding of RLC SDU is essential feature to guarantee a good TCP performance during the handover. 

· The results shows that there are some unnecessary data forwarding from source eNB to target eNB due to late RLC status reporting and some optimizations on this aspect should be necessary such as event triggered RLC status reporting at source eNB.
· The performance difference of cumulative forwarding and selective forwarding was exceptional small. 
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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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