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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].
2 Simulation Assumptions Parameter Configurations
The simulations were run with the agreed settings in [2]. The detailed settings are 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

	Traffic
	ftp download traffic, (126 ftp users, 267 KB file size, 10s mean reading time)

	Load
	100% load: the full power in the antennas

50% load: minimum 50% power in the antennas even in empty cells

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

	Max active set size
	3

	Soft Handover Parameters
	SHO available
· R1a (reporting range constant) = 4.5dB
· R1b (reporting range constant) = 4.5dB
TTT: 1A:320ms, 1b:640ms, 1c:320ms, 1d:640ms Hysteresis: 1a:0dB, 1b:0dB, 1c:1dB, 1d:1dB

	Channel Model
	PA

	Propagation model
	3GPP case 1, no LOS component with and without shadow fading

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

	SRB transport
	HS/EUL

	CIO
	3dB for LPN

	UE Receiver/BS Receiver
	Type 3 (LMMSE 2-rx); 1-rx

	Total overhead power
	20% in Macro only and co-channel, 30% in combined cell

	HO procedure
	ESCC HO procedure


3 Simulation setup

3.1 Simulation models

Two transmission modes, namely the Spatial Reuse (SR) and the Single Frequency Network (SFN), are implemented and investigated in the simulator. 
In SFN mode implementation, all nodes in the same combined cell transmit exactly the same signals on the pilot channels, downlink control channels and downlink data channels, using the same carrier frequency, spreading and scrambling codes in the downlink radio channels only possibly differing in the transmission power. 
In SR mode implementation, it is only the same pilot signal P-CPICH that is transmitted from all the nodes. The downlink control channels and the data traffic channels are scheduled to different UEs from different nodes by the central scheduler (which can be implemented in Macro base station or LPN or a separate physical entity per combined cell). The additional demodulation channels (D-CPICH and F-CPICH) are not modelled at the physical channel level. Instead, the transmission power of the demodulation channels is considered as overhead for the base station, hence it is excluded from the data transmission available power, and is considered in the interference calculation. The transmission of the demodulation signals over the air is modelled as a fixed delay. The central scheduler selects the transmission nodes based on the DL path-loss. 
To allow a fair comparison and for the sake of simplicity, the transmission mode diversity, i.e. where the selection of transmission mode is executed per TTI basis (either SFN mode or SR mode) is not supported in the simulator, although it is possible in a system implementation. 
When a HO failure according to the declared reasons in section 3.2 occurs, the UE will perform an ideal radio link failure recovery at the places where HO failure is triggered (radio link failure recovery to the serving cell if 1A or 1C event fails, or radio link failure recovery to the target cell if the serving cell change fails). At the same time, the HO failure event will be logged. 
3.2 Metrics 

This contribution analyses the HO performance primarily in combined cell deployment based heterogeneous networks.  The HO performance metrics described below have been defined in [2] and agreed by RAN2.

Handover Failure (HOF)
A handover failure is defined as below.
For SCC (serving cell change) procedure (pre-R7), if UE fails to receive the RBR (Radio Bearer Reconfiguration) message after event 1D is triggered or ASU (Active Set Update) message after event 1A or 1C is triggered

For ESCC (enhanced serving cell change) procedure (R8), if UE fails to receive the RBR from the source cell and fails to receive the HS-SCCH order from the target cell after event 1D is triggered, or UE fails to receive ASU message after event 1A or 1C is triggered.

Total handover number

The sum of successful handovers and failed handovers

Handover failure ratio

It is defined as the number of HOFs divided by the number of handovers (HOs).
Time of stay (ToS)
The duration from when the UE successfully sends a Radio Bearer Reconfiguration Complete message to RNC to the time when the UE successfully sends next Radio Bearer Reconfiguration Complete message
3.3 Investigation scenarios
A couple of different scenarios are investigated in this contribution. In RAN2, it had been discussed that a simplified simulator (without modelling the shadow fading) was acceptable for mobility evaluation in heterogeneous networks, since the impact of shadow fading in mobility is expected to be negligible.
Ericsson has built a simulator including the shadow fading model for the heterogeneous network  deployment. From the detailed system level simulations, we have realized that the shadow fading plays an important role for UE mobility performance. Therefore, we include both the simulation results with and without considering shadow fading. 
	Scenario Name
	Denotation

	Macro only
	Macro only deployment with ESCC, considering shadow fading

	Macro only, no shad
	Macro only deployment with ESCC, no shadow fading

	x LPN, coCh
	Co-Channel deployment with ESCC, x LPNs per Macro cell, considering shadow fading

	x LPN, CC, SFN
	Combined cell deployment with ESCC, single frequency network mode, x LPNs per Macro cell, considering shadow fading

	x LPN, CC, SR
	Combined cell deployment with ESCC, spatial reuse mode, x LPNs per Macro cell, considering shadow fading

	x LPN, coCh, no shad
	Co-Channel deployment with ESCC, x LPNs per Macro cell, no shadow fading

	x LPN, CC, SFN, no shad
	Combined cell deployment with ESCC, single frequency network mode, x LPNs per Macro cell, no shadow fading


4 Mobility performance evaluation
SFN mode in combined cell deployment is expected to guarantee a robust HO performance due to the transmission diversity of the handover signalling and the improved UL reception thanks to UL CoMP. The SFN transmission mode performance represents the upper-bound of the mobility performance for the combined cell deployment. On the other hand, the SR transmission mode could be considered the lower-bound of the mobility performance for the combined cell deployment, because of the lack of transmission mode diversity (described in section 3.2 in [3]) in the model of our simulator implementation for this transmission mode. As a starting point, the mobility performance with SFN mode only will be first investigated in section 4. Later, the mobility performance with SR mode only is described in the Appendix section. 
The two sections are described here to show the detailed mobility simulation results. Section 4.1 is focused on the mobility performance in combined cell deployment with the SFN mode with 100% load. Section 4.2 is focused on the mobility simulation results with the SFN mode with 50% load.  
4.1 Mobility performance with combined cell SFN mode (100% load)
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Figure 1. HO numbers considering the shadow fading
Figure 1 shows the total number of HOs in the different scenarios considering the shadow fading. It is easily understood that the combined cell deployment experiences fewer HOs than co-channel deployment, because the HOs between LPNs and the Macro cell are eliminated since they share the same cell ID. Further, the combined cell deployment also experiences fewer HOs compared to Macro only case. For example, the 4 LPN combined cell deployment has around 20% fewer HOs than Macro only case at the speed of 60km/h. It has been observed from our simulations that the shadow fading is what differentiates the HO numbers between Macro only and the combined cell deployments. 
In a Macro only deployment, the CPICH signals from the serving Macro cell is attenuated by the shadow fading at some locations. Some of these locations may have a better CPICH signal from a neighbor cell, changing the expected cell borders, and in some cases even creating islands of coverage inside the area that was supposed to be served by other Macro cell. Therefore a UE may perform HO to a neighbor cell when it passes by one of these locations, and after a short period of time the same UE may have to perform another HO from the neighbor cell back to the original macro cell, when UE moves away from the area affected by the shadow fading. This causes an increase in the so called HO Ping-Pongs, which typically harm the UE performance.
However, in the combined cell deployment, the HO measurements in the UE are executed based on the combined CPICH signal received from all nodes in the combined cell. This provides better spatial diversity for the reception of the CPICH signal than the Macro only scenario, since it is not often that all CPICH signals from all nodes are attenuated due to the shadow fading at the same time. Hereafter, the impact of the shadowing fading on HOs is mitigated, and those unnecessary HO Ping-pongs within the Macro cell are avoided.  

[image: image2]
Figure 2.  Coverage map considering the shadow fading; 4 LPNs deployed randomly in co-channel and combined cell deployment
As an example, the two figures (Figure 2 and Figure 3) visualize the coverage map of a grid area which is composed of 500*500 points separated by the step of 1 meter. In each Macro cell, there are 4 LPNs dropped randomly in co-channel deployment and combined cell deployment cases. The coverage maps shown here are directly drawn based on one simulation iteration (one random seed). Additional random seeds were studied and the similar phenomenon was confirmed. 
In the figures, the area (points) served by the same cell (i.e. the cell provides the strongest CPICH RSCP) is marked with the same colour. The left map is the Macro only deployment, the centre map is the combined cell deployment and the right map one is the co-channel deployment.  As shown in Figure 2, a clear difference is observed between the Macro only and the combined cell cases.  The combined cell deployment produces more “compact” cells than Macro only. In the left map, i.e. Macro only, there are some small isolated areas which are marked with a different colour than the cell where these areas are located. These small areas are covered by the neighbour cells, since the radio connection to the cell where they are located is attenuated by the shadow fading. This results in more HOs than combined cell. 
In the right map, i.e. co-channel deployment, more cells are observed than in the combined cell deployment (centre map). This can explain why the co-channel provides more HOs than the combined cell. 

[image: image3]
Figure 3. Coverage map without considering the shadow fading; 4 LPNs deployed randomly in co-channel and combined cell deployment
Figure 3 depicts the coverage map of the same area as Figure 2, without considering the shadow fading.  Compared to Figure 2, the Macro only deployment and the combined cell deployment have similar maps. As a consequence, the UE shall experience the same number of HOs in these two deployments. 
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Figure 4. HO numbers with and without shadow fading at speed 60km/h
Figure 4 highlights further the impact of shadow fading on the mobility performance. It can be observed that the total HO number decreases if the shadow fading is not considered compared to the case with shadow fading. For example, in the Macro only deployments (red and black bars), the HO number is decreased by 30-40% without considering the shadow fading, compared to the case with shadow fading. The same tendency is also seen for the combined cell deployment. The Macro only deployment achieves the same number of HOs as combined cell deployment (see black, yellow and orange bars) if the shadow fading is not considered. This confirms the observation from the coverage maps shown in Figure 3.
As shown above, shadow fading has a significant impact on the mobility performance. Consequently it is certainly necessary to account for the shadow fading in the simulation models. 
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Figure 5. HO failure ratio considering the shadow fading

Figure 5. shows the HO failure ratio with combined cell SFN mode compared to the other cases. It is noted that the co-channel deployment shows high HO failure ratio. For example, the HO failure ratio with 4 LPNs deployment increases by upto 20-25% at the speed of 120 km/h. These results are evidence of the importance of planned deployments with optimized configuration. Since the simulation scenario agreed was based on a random deployment with un-optimized handover settings, the results obtained are not expected to be experienced in a well-tuned live network with an inherent lower system load. 
The combined cell SFN mode provides the lowest HO failure ratio in all cases, even compared to the Macro only deployment. There are almost no failed HOs with SFN mode.  In some cases, adding more LPNs in the combined cell could lead to a reduction in the HO failure ratio. The reason for this is because more nodes are involved in the transmission of the exact same signaling in parallel, and therefore an even more robust signaling transmission can be guaranteed. 
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Figure 6. Macro ToS considering the shadow fading

Figure 6 shows the distribution of the time of stay (ToS) in the Macro cell in different scenarios considering the shadow fading.  It is observed that the UE is served longer by the Macro cell in the combined cell deployment, compared to co-channel and Macro only deployments. This indicates that the combined cell deployment could potentially reduce the HO Ping-Pong probability and produce fewer interruptions to the data transmissions. This potential reduction in HO Ping-Pong, together with the reduction of HO numbers in combined cell deployment, indicates that the combined cell deployment could help improve UE performance, especially for low and medium speeds.
4.2 Mobility performance with combined cell SFN mode (50% load)

The purpose for this section is to look into whether the improvement in mobility performance of combined cell deployment is still valid with lower load in the system.
Figure 7 shows that the combined cell deployment results in fewer HOs than co-channel deployment and the Macro only deployment when the system is 50% loaded. To be more specific, there are around 375 HOs triggered in combined cell deployment, with 4 LPN deployed per Macro cell, at the speed of 60 km/h. However the Macro only deployment has around 500 HOs triggered. This means that the combined cell deployment achieves 25% fewer HOs than Macro only deployment. 
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Figure 7 HO number with 50% load

5 Discussions & Conclusions
The simulation results presented here highlight the main benefits of combined cell deployment in heterogeneous networks. The declared benefits are especially relevant in networks with a high number of LPNs deployed and where it is challenging for co-channel deployment to make a successful HO. Deployment of combined cell(s) in these locations would for sure be helpful to improve the HO performance, with no degradation of the system capacity. 
The observations from the simulation are summarized as below:
· Combined cell achieves better HO performance, even compared to macro only

· Fewer HOs because of the improved power gain due to better node diversity for the reception of the CPICH signal which mitigates the shadow fading

· SFN mode guarantees a more robust transmission of HO signaling than Macro only

· SR mode provides a slightly higher HOF ratio than Macro only, but still at a reasonable level. With the transmission mode diversity, i.e., where the selection of transmission mode is executed per TTI basis, either SFN mode or SR mode (see section 3.2 in [3]), the HOF ratio is expected to be close to the case with SFN mode
· Combined cell provides better mobility performance than co-channel

· Lower signaling overhead and increased robustness for signaling transmission

Therefore, RAN2 is kindly asked to discuss and agree on the following conclusions:

Conclusion 1: Combined cell achieves fewer HOs than Macro only due to a better node diversity for the reception of the CPICH signal
Conclusion 2: Combined cell is beneficial to HO performance in terms of HO number and HO transmission robustness, which can complement co-channel deployment
6 References

[1]
RP-121436
Study on UMTS Heterogeneous Networks.
[2]
R2-130778
HetNet mobility study simulation assumption
[3]
R2-132620
Mobility and node selection in Combined Cell Deployment in Heterogeneous Networks
7 Appendix 

7.1 Mobility performance with combined cell spatial reuse mode (50% load) 
As a lower-bound of the mobility performance in the combined cell deployment, the scenario with SR mode only for HO signalling is described in this section. 
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Figure 8 HO number in combined cell with SR mode only, with 50% load

Similiar to the results with SFN mode, Figure 8 shows that the combined cell deployment with SR mode achieves fewer HOs than co-channel deployment and the Macro only case when the system is 50% loaded. This is because the combined reception of CPICH signal from all nodes in the combined cell is used to execute HO measurements, regardless of which transmission mode is selected to transmit HO signalling or data. 
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Figure 9HO failure ratio in combined cell with SR mode only, with 50% load

Figure 9 shows HO failure ratio in different scenarios considering the shadow fading. The combined cell deployment provides much lower HO failure ratios than the co-channel deployment even with the SR mode. This is mainly because the combined cell deployment has fewer HOs triggered than the co-channel deployment and also because no HO occurs within the combined cell. The radio connection may degrade fast when UE moves further away from LPN, especially at a high speed. This has been seen as a typical reason contributing to the HO failures in the co-channel deployment, but which is mitigated against in the combined cell deployment. With 1 LPN deployed in each Macro cell, the combined cell deployment experiences a slightly higher HO failure ratio than Macro only, and with 4LPNs the HO failure ratio is increased up to 3% at the speed of 120km/h. This is mainly caused by the lack of UL CoMP in the SR combined cell modelling (in contrast with the SFN implementation) and an optimized port selection algorithm in the central scheduler that leads sometimes to an inadequate port selection. With a better modelling of the combined cell deployment, a lower HO failure ratio with combined cell deployment is expected. 
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