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1. Introduction
In this contribution, we consider urban canyon radio environment, common for many downtown areas (for example Manhattan in New York City [1]). We explore how it impacts the design of the handover procedures. 
Simulation results are presented that show how forward handover (FHO) when compared to backward handover (BHO), or handover though the source eNode B improve performance in two aspects:

· Spectral efficiency 

· Quality of service (QoS) 
2. Urban Canyon
The urban canyon scenario refers to an urban area of streets surrounded by tall buildings, which is a common layout in urban areas. We consider a hexagonal cell grid, shown in Figure 1 with 4 eNode B’s.
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Figure 1: Urban Canyon with 4 eNode B’s

2.1.  Backward Handover
Consider the following scenario. UE is close to eNode B “1” and it’s moving toward eNode B “4” along the street. The UE is being served by eNode B “”1. As the UE approaches the intersection, it will start receiving the signal from eNode B’s “2” and “3” (which is seen as interference). Also, the user is moving away from eNode B “1” the pathloss to eNode B “1” increases. 
Both factors makes the Es/Nt (a measure of received signal quality) of eNode B 1 decrease and once the user enters the intersection, the signal from eNode B’s “2” and “3” are stronger (line-of-sight and this example also closer), which triggers the UE to send a measurement report message. However, since the Es/Nt from eNode B “1” is so weak now that the UE is inside the intersection (mainly because of the interference from eNode B “2” and “3”), the handover command from the eNode B “1” may not be able to reach the UE. If we assume that eNode B needs to transition to RRC_IDLE before attempting to access the cell with the strongest downlink Es/Nt, it is reasonable to account for a rrc_idle timer of at least 0.5 seconds to expire before UE declares it has lost the serving eNode B
. 
After 0.5 second has expired, the UE starts to access on the strongest eNode B’s, which in this case is eNode B “2” while UE remains inside the intersection. However, until rrc_idle timer expires, the UE is in outage because it is not able to receive any data from eNode B “1”. On the way out of the intersection, the UE experience similar signal weakening, since eNode B “2” starts being blocked by the building at the intersection. Similar handover failure events take place again and UE after waiting for another rrc_idle timer to expire, finally handovers from eNode B “2” to eNode B “4”.
While the first outage could be addressed in some cases with very careful network planning and more conservative selection of modulation and coding on the downlink, the second outage is impossible to prevent without soft handover, which is not considered for LTE.

The call flow for the backward handover is illustrated in Appendix A.

2.2. Forward Handover
We consider the same scenario, but in this case the UE is allowed to access the target eNode B directly. 
The advantage of this method is that the UE does not have to wait for the rrc_idle timer to expire (0.5 seconds), as it was the case of the backward handover. UE could wait instead for as little as 50ms and if it does not receive the handover command, the UE accesses the target eNode B directly. 
This mechanism significantly reduces possible outage (see Section 3), which significantly helps delay sensitive traffic like VoIP. 
The call flow for the backward handover is illustrated in Appendix A.

3. Simulation Results

For each run, we show the serving cell Es/Nt during switching and the error rate over a 1 second window. We consider 50m intersection for 120km/h case, and 30m intersection for 30km/h and 3km/h. Detailed simulation assumptions are given in the Appendix B.
3.1. 50m intersection at 120km/h
Figure 2 and Figure 3 illustrate serving cell Es/Nt averaged over 5 MHz band and 2 receiver antennas assuming typical urban channel model [2].  As it can be seen from the figures, average Es/Nt is lower in case of BHO due to rrc_idle timer, which at best translates into reduced spectral efficiency. More importantly outage is increased. Typically outage is assumed if error rate increases above 3-5%.
Table 1 summarizes, error rate assuming 2 different Es/Nt thresholds required for successful decoding of the transport blocks set on downlink. As it can be seen from the table,  forward handover can significantly reduce outage. 
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Figure 2: Serving Cell Es/Nt – 120 km/h BHO
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Figure 3: Serving Cell Es/Nt – 120 km/h FHO
Table 1 Outage at Different Es/Nt Thresholds
	Es/Nt Threshold\Time
	
	2s
	3s
	4s

	Es/Nt < -6 dB
	BHO
	41%
	31%
	71%

	
	FHO
	38%
	0%
	37%

	Ex/Nt < -10 dB
	BHO
	37%
	31%
	68%

	
	FHO
	34%
	0%
	34%


3.2. 30m intersection at 30km/h

Figure 3 and Figure 4 illustrate serving cell Es/Nt averaged over 5 MHz band and 2 receiver antennas assuming typical urban channel model.  As it can be seen from the figures, similarly as before average Es/Nt is lower in case of BHO due to rrc_idle timer.
Table 2 summarizes, error rate assuming 2 different Es/Nt thresholds required for successful decoding of the transport blocks set on downlink. As it can be seen from the table, depending on the threshold, forward handover can significantly reduce outage or eliminate outage. 
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Figure 4: Serving Cell Es/Nt – 30 km/h BHO
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Figure 5: Serving Cell Es/Nt – 30 km/h FHO

Table 2 Outage at Different Es/Nt Thresholds

	Es/Nt Threshold\Time
	
	8s
	9s
	12s
	13s

	Es/Nt < -6 dB
	w/o FHO
	45%
	18%
	16%
	50%

	
	w/ FHO
	13%
	0%
	16%
	0%

	Ex/Nt < -10 dB
	w/o FHO
	1%
	0%
	4%
	50%

	
	w/ FHO
	1%
	0%
	4%
	0%


3.3. 30m intersection at 3km/h

Figure 6 illustrate serving cell Es/Nt averaged over 5 MHz band and 2 receiver antennas assuming typical urban channel model.  As it can be seen from the figures, there is no issue for backward handover in this scenario. 
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Figure 6: Serving Cell Es/Nt – BHO 3 km/h
4. Conclusion

In this contribution we show significant improvement in QoS when forward is compared to backward handover in urban canyon environments. The improvement is particularly noticeable for 30 km/h when forward handover could virtually eliminate outage.
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Appendix A – Call flows

Figure 7 and Figure 8 illustrate call flows for backward and forward handover cases.
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Figure 7 Handover Call Flow - BHO
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Figure 8 Handover Call Flow -FHO

Appendix B - Simulation Parameters

Simulation assumptions are as follows:
· 57 eNode B’s with hexagonal layout with 1000m between eNode B’s

· Filter window for triggering measurement report, T1 = 0.11s

· Time to trigger forward handover, T2 = 0.05

· Hysteresis  for handover H = 0 dB

· Rrc_idle timer, T3 (also includes delay to access target cell) = 0.5s

· Line of sight (LOS) propagation when UE is inside the intersection [1]
· Non-line of sight (NLOS) propagation model for the eNode B’s that blocked by buildings [1].

· 4dB/m corner path loss [3] for eNode B’s that are around the corner:

· Started when UE is at the edge of the intersection moving away from the intersection
· Dual receive antennas in the UE
· 10ms Es/Nt measurement interval
· UL signaling is assumed perfect.

In Figure 9, Figure 10, Figure 11, Figure 12 we illustrate the path of UE and the current serving cell for 120 km/h and BHO, 120 km/h and FHO, 30 km/h and BHO, and 30 km/h and BHO, respectively. The figures graphically illustrate delayed handover in BHO case.  
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Figure 9 UE’s path – 120 km/h BHO
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Figure 10 UE’s path – 120 km/h FHO
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Figure 11 UE’s path – 30 km/h BHO
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Figure 12 UE’s path – 30 km/h FHO












































































� The reason is to avoid transitioning into RRC_IDLE due to Rayleigh fading. We further assume going from RRC_IDLE to RRC_CONECTED requires more overhead than handover. Such overhead however, is not modeled in this stady.
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