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1. Introduction
In [1], we presented simulation results on forward handover considering urban canyon radio environment, common for many downtown areas (Manhattan in New York City). We showed in [1] that for the scenarios of interest, forward handover prevents long interruption periods, which would be common if only basic handover procedure is supported.   

In this contribution we compare mobility procedures in GSM, WCDMA and LTE and consider the impact of the design on the perceived 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 scenario shown in Figure 1 with 4 eNode B’s. Initially, eNode B “1 “ is the serving as the UE is moving towards the intersection. 
Urban canyon environments are challenging for deployments due to large corner losses that in mobility produce very sudden changes in signal strengths.  It is reported in literature that typical corner losses can be are as high as 4 dB/m [2]. 

In the subsequent text we examine and compare the mobility procedure and radio environment (SNR) for GSM, UMTS and LTE deployments. 
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Figure 1: Urban Canyon with 4 eNode B’s

2.1.  GSM
Consider the scenario where UE is communicating with the serving base station “1” and it is moving towards the intersection. Assuming reasonably good network planning, UE does not experience rapid worsening of the channel quality as it moves into the intersection. This is because base station “2” and base station “3” employ different frequencies and hence they are orthogonal to the signal used by base station “1”.  

The channel quality between the UE and the base station 1 degrades slowly due to frequency reuse and network based mobility in practice for the most part works reasonably well.  At some point, the signal strength between the UE and base station “1” degrades to the point where the network would grant handover to the base station with the highest signal strength as reported by the UE. In this particular scenario, most likely this is going to be base station “4”, as the SNR towards base station “1” constantly weakens and the SNR towards base station “4” constantly strengthens.  Serving cell as a function of the UE location is illustrated in Figure 2.
The key observation is that due to frequency reuse sudden changes in radio environment are limited.
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Figure 2: GSM in urban canyon

2.2. UMTS
Unlike GSM, UMTS employs full frequency reuse and sudden drops in channel quality are much more frequent. 

Consider the same scenario. UE is communicating with the serving Node B “1” and it is moving towards the intersection. At this point only Node B “1” is in the UE’s active set. As it enters the intersection, UE experiences sudden increase in signal strengths (SNR) from Node B “2” and Node B “3”, along with gradual increase in signal strength from Node B “4”.  Given that the signal strength towards Node B “1” remains sufficient for reliable communication, UE is able to send radio environment measurement report to the network and be granted soft handover (macro diversity) where potentially all four Node Bs are in its active set. In UMTS macro diversity is supported on both uplink and downlink (at least DCH for signalling). As the UE moves out of the intersection, the signal strength towards Node B “2” and node B “3” rapidly weakens. The drop in signal strength due to corner losses are as much as 4 dB/m and as we shown in [1],  unless Node B “1” or Node B “4” are in UE’s active set, reliable link between the UE and the network would be lost. Due to macro diversity however, UE is able to reliably communicate with the network.  Cells in active set as a function of UE location are illustrated in Figure 3.
The key observation is that unlike GSM, UMTS employs macro diversity that enables UE to add weaker Node Bs in its active set. Each soft handover leg is added into UEs active set well before it become the strongest link. Macro diversity ensures that reliable link between UE and the network is maintained as the UE experience sudden changes in signal strengths towards some members of its active set. 


[image: image3.emf]3 2

4

1

U

E

 

P

a

t

h

Node B “3” 

added to 

active set

Node B “4” 

added to 

active set

Node B “3” 

removed from 

active set

Node B “2” 

added to 

active set

Node B “2” 

removed from 

active set

Node B “1” 

removed from 

active set


Figure 3: UMTS in urban canyon

2.3. Current LTE

Consider the same scenario. UE is communicating with the serving eNode B “1” and it is moving towards the intersection. Assume that unlike in GSM high frequency reuse factors are not employed. Full or fractional frequency reuse is considered.  As the UE approaches the intersection, it will start receiving rapidly increasing signal from eNode B’s “2” and “3”, which is seen as interference in case of full reuse or partial interference in case of fractional frequency reuse. As the UE enters the intersection, in cases where the signal from eNode Bs “2” or “3”  become stronger than eNode B “1”  assuming that the link between eNode B “1” and UE remains reliable, regardless whether full or fractional frequency reuse is employed , it very likely that the network grants handover to one them, say eNode B “2”. As the UE leaves the intersection, the signal strength between eNode B “2” and the UE rapidly drops and by the time UE is able to measure its signal strength applying proper filtering, the link between eNode B “2” and the link between the network and the UE is lost. Serving cell as a function of UE location and region of service likely service interruption is illustrated in Figure 4.
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Figure 4: Current LTE in urban canyon

 

Assuming current radio link failure procedure [3], shown in Figure 5 and the current basic handover procedure [3], UE cannot access the best cell until at least the first phase of radio link failure procedure is completed, or timer T1 expire.  Since transitioning into idle is associated with a loss of data and additional delay due to the signalling with mobility management entity (MME), it is reasonable to assume that transitioning into idle would take at least a second or even few seconds. Therefore assuming basic handover mechanism and agreed upon radio link failure procedure, UE exiting the intersection in an urban canyon environment is likely to experience service interruption on the order of one to few seconds depending on the network settings. 

[image: image5.emf]normal operation

radio 

problem 

detection

no recovery during T

1

no recovery during T

2

goes back to idle

radio link failure

RRC_CONNECTED RRC_IDLE

First Phase Second Phase


Figure 5: Radio link failure
2.4. Proposed LTE

In order to improve support for mobility, it is proposed to consider forward handover procedure as discussed in [1]. The forward handover procedure cuts the service interruption time since, referring to Figure 5, UE based mobility could be supported as soon as the corresponding timer T1’ expires and without UE transitioning into idle. Given the fact that no loss of data is associated with the forward handover procedure, timer values could be configured more aggressively. If forward handover is allowed, T1’ could be much shorter than T1. Serving cell as a function of UE location and region of service likely service interruption is illustrated in Figure 6.
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Figure 6: Proposed LTE in urban canyon

2.5. Comparison

When compared to GSM and UMTS, current LTE design has poorest support for mobility. As shown in Table 1, urban canyon environments are addressed with high frequency reuse in GSM and with macro diversity in UMTS. On the air interface, current LTE is design considers advanced techniques and the design goes to a large extent to maximize air link efficiency. The system is not designed assuming high frequency reuse as in GSM or considering macro diversity is in UMTS.  Adding forward handover dramatically reduce possible service interruption. With aggressive setting of T1’ timer, service interruption could be virtually eliminated.  

Table 1: Support for mobility useful for urban canyon environments.
	Technique 
	GSM
	UMTS
	Current LTE
	Proposed LTE

	High frequency reuse
	Yes
	No
	No
	No

	Macro diversity
	No
	Yes
	No
	No 

	Forward handover
	No
	Yes

	No
	Yes


3. Conclusion

In this contribution we show that with the current LTE design, even though it considers advanced air interface techniques, support for mobility is poor and worse than earlier generation technologies, such as GSM and WCDMA. Poor support for mobility is reflected into degraded quality of service in urban canyon environments. 

As shown in this contribution and in [1], adoption of forward handover dramatically improves support for mobility. It is therefore proposed to adopt forward handover procedure in LTE.  
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� If we consider call reestablishment as forward handover
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