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1 Introduction
This contribution evaluates the handover (HO) performance in a Heterogeneous network based on co-channel deployment [1], in terms of agreed HO performance metrics and with the agreed simulation settings outlined in [2]. Both Serving Cell Change (SCC) (Pre-Rel-8) and Enhanced Serving Cell Change (ESCC) (Rel-8) HO procedures are investigated.
2 Simulation Assumptions Parameter Configurations
The simulation assumption is based on the agreed settings in [2]. There are several possible combinations of settings according to [2], in terms of cell layout, LPN power levels, cell individual offset (CIO), etc. This contribution adopts one of these possible combinations. The detailed setting is listed in the table below: 
	Parameters
	Assumption

	Cell Layout
	21 cell hexagonal 


	Inter-site distance
	500 m

	Number of LPNs per Macro cell 
	1, 4, and 8

	Traffic
	ftp download traffic, (42 ftp users, 400kB file size, 10s mean reading time)

	Speed
	10, 30, 60, 90 and 120 km/h

	Max active set size
	3

	Channel Model
	PA

	Propagation model
	3GPP case 1, no LOS component

	Maximum Tx Power of NodeB
	Macro Node: 43dBm
LPN: 37 dBm

	SRB transport
	HS/EUL

	CIO
	3dB for LPN

	Network delay
	It is proposed in [2] as a fixed delay (200ms for SRB over DCH and 100ms for SRB over HSPA), which can be applied as a threshold to determine if a HO fails.

In the simulations the network delay as a HO performance metric is used instead.


3 Mobility simulation performance metrics 

This contribution analyses the HO performance mainly in terms of HO failure. Some metrics have been defined in [2] and agreed by RAN2. The metrics described below have the same definitions as those in [2], with the exception of the network delay. It is proposed in [2] that the network delay is set as a fixed delay (200ms for SRB over DCH and 100ms for SRB over HSPA) and applied as a threshold to determine if a HO fails. In the simulations, the network delay is used as a HO performance metric instead.
Network delay

· Defined as the time from the instant when UE starts to send a measurement report message until the instant when UE successfully receives the corresponding reconfiguration message.  The network delay can be applied to evaluate for 1A, 1C and 1D events. 
4 Simulations and analyses
SCC HO procedure is investigated as a baseline. As a comparison, ESCC HO procedure is also evaluated since ESCC is an available feature since Rel-8.
4.1 Handover performance with SCC

4.1.1 HO failure ratio 
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Figure 4‑1.HO number at different speeds
Figure 4‑1 shows the absolute HO number with different UE moving speeds and different numbers of low power nodes (LPNs) deployed in each Macro cell. As shown, more HOs are triggered with higher speeds and more LPNs. 
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Figure 4‑2.HO failure ratio with different speeds
Figure 4‑2 illustrates the HO failure ratio at different UE speeds and with different numbers of LPNs per Macro cell. When UE moves at lower speeds (10- 30km/h), the HO performance is acceptable. For example, the HO failure ratio is less than 2% when UE moves at 30km/h, even with 8 LPNs deployed in each Macro cell. With the increase of the LPN numbers in each Macro cell coverage area, the HO failure ratio increases fast when the UE moves at higher speeds (for example, speeds above 60km/h). This gives a hint that SCC cannot guarantee a robust HO at higher speeds in heterogeneous networks. 
4.1.2 HO failure reasons 
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Figure 4‑3.HO failure reasons
As shown in Figure 4‑3, with the SCC HO procedure most of the HO failures are due to the transmission failure of the serving cell change command. It is mainly due to that the radio connection to the serving cell becomes too weak when it is the time to transmit the serving cell change command in the serving cell. The application of the ESCC procedure is expected to avoid the HO failure due to the serving cell change command. The failure of the active set (AS) addition command is the secondly main reason for HO failures. It is mainly because there are more AS addition commands triggered than the AS replacement command. It is also due to that the AS replacement command can better utilize the UL soft handover (SHO) selection diversity. 
When the AS addition command is triggered, there is typically fewer UL radio links included in AS than the case when AS replacement command is triggered. Consequently, the probability that the network doesn’t get UL RLC acknowledgement in time for the DL ASU message will decrease in case of AS replacement command transmission. 
4.1.3 ToS
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Figure 4‑4.Macro cell ToS at different speeds
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Figure 4‑5.LPN cell ToS at different speeds
Figure 4‑4 shows the variation of ToS in the Macro cells, while Figure 4‑5 shows the ToS in the LPN cells. The time of stay connected to the serving cell decreases with the increase of the UE speeds. A LPN cell has an even lower ToS at higher speeds. It indicates that it is more challenging for UE to fulfil the HO delay requirement when UE moves through LPNs since a LPN typically has a smaller coverage area than a Macro cell. Therefore, there is a shorter period allowed for a UE to finish the HO signalling transmission when the UE passes through the LPN cell, which makes it more difficult for UE to fulfil the HO delay target HO performance with ESCC
4.1.4 HO failure ratio
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      Figure 4‑6.ESCC HO failure ratio at different speeds
The HO failure ratio with ESCC is illustrated in Figure 4‑7. ESCC achieves a better HO performance with different moving speeds than SCC. The ratio of handover failures is less than 3% even when 8 LPNs are deployed. At low speeds (<60km/h), there is a very low rate of HO failures. The main reason for the HO performance improvements with ESCC compared with SCC is due to the pre-configuration of the target cell. Hence, the UE can listen to the HS-SCCH order from the target cell (which has normally the robust signal) when the 1D event is triggered. This ensures a faster and more robust HO than SCC.
4.1.5 HO failure reasons
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Figure 4‑7.ESCC HO failure reasons
The HO failure reasons are visualized in Figure 4‑7. With ESCC, there are few HOs failures due to the unsuccessful transmission of the serving cell change command, since the HS-SCCH order from the target cell would guarantee a successful transmission. Different from the results with SCC, the handover failures are mainly due to the unsuccessful transmission of the AS addition command and the AS replacement command when ESCC is applied. The reason for the unsuccessful transmission of AS addition command has been analysed in section 4.1.2.
As a summary, ESCC is the key feature to ensure a successful HO in heterogeneous networks.  It should be assumed as a baseline feature for Rel-12 UEs in heterogeneous networks.
4.1.6 ToS

The delay issue that has been highlighted when UE passes through the LPN cells in SCC procedure (as described in section 4.1.4) is also observed in ESCC. ESCC can achieve a more robust and faster HO than SCC. Hence, this issue is less problematic for ESCC than SCC. But, the application of ESCC can’t avoid this issue completely. At higher speeds, the fulfilling of the HO delay target will for sure become challenging when UE moves through the area covered by LPN cells. 
A network controlled solution to improve HO performances especially for fast moving UEs is a promising option.  A possible alternative is to tune the HO settings, considering some inputs for example, the layer properties (i.e., UE currently locates at Macro cell or LPN cell), or UE speeds (e.g., based on mobility status estimation) so UEs can apply different HO settings depending on whether UE locates at Macro or LPN, and UE speeds. Another alternative is to avoid fast moving UEs to handover to small cells.
5 Summary & Discussions
Based on the above simulation results, some observations are summarized below:

1. HO performance may depend on UE speeds and the number of LPNs deployed in the network.

a. HO number may increase 

b. The ratio of the failed HOs might increase 

2. SCC feature cannot guarantee a good HO performance in heterogeneous networks
a. HO performance is acceptable in low mobility state,
b. However, the HO performance degrades at higher speeds
3. ESCC achieves a much better HO performance than SCC
a. No more than 3% of HOs failed even when up to 8 LPNs are deployed

4. It is the unsuccessful transmission of the DL signalling messages that mainly result in the HO failures

a. Failure of serving cell change command and
b. Failure of AS addition command
5. Fulfilling of the HO delay target might be an issue when UE passes through LPNs at high speed
6 Proposals
Based on above conclusions, it is proposed that:
Proposal 1: Introduce the analysis and conclusions presented in this contribution in the Technical Report.

Proposal 2: ESCC should be applied as a baseline feature for Rel-12 i.e. any new solution and evolutions should be based on ESCC. 
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