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Abstract of the contribution: Alternatives for voice call continuity from LTE are discussed.
1 Introduction

Several SR VCC solutions have been presented in SA2 [1] and during the 3GPP workshop on LTE-GSM handovers [3]. In this contribution, rather than evaluating particular solutions, we focus on evaluating the user paths used by the proposed SR VCC solutions in order to support the selection of the best alternative in terms of cost-effectiveness and performance.
2 On the alternative selection for Single Radio VCC from LTE
The numerous proposed solutions for service continuation from LTE to pre-LTE systems employ one of the three following mechanisms for the user path handling:
a) Call re-establishment 

b) PS(LTE)->PS(pre-LTE) handover
c) PS(LTE)->CS(pre-LTE) handover
a) Call re-establishment
This mechanism is about releasing the call in the source network (LTE) and re-establishing it on the target network (pre-LTE). Prior to the call re-establishment in pre-LTE, the terminal has to request radio resources and register to the CS/PS network. As a result, long interruption breaks are expected for voice continuation using this mechanism. Due to the limitations on improving seamless mobility, this solution is not recommended and therefore we propose the single radio VCC alternative C [1], based on call re-establishment, to be ruled out as a solution for SR VCC from LTE.
b) PS(LTE)->PS(pre-LTE) handover
Voice/service continuation using this mechanism take advantage of PS handover procedures from LTE to pre-LTE which will be a part of the 3GPP specifications. The change of domain is done actually in the target network. Combinational VCC (Alternative A in [1]) and its variations make use of this mechanism. From the radio point of view, a SR VCC solution using a PS->PS handover approach demands some features in GERAN but does not add any requirements in the core network and in the UTRAN network.
c) PS(LTE)->CS(pre-LTE) handover

By using this mechanism, the terminal switches its radio resources from PS to CS resources but only after UE registers to CS domain. This registration is done while being the terminal in LTE (parallel registration) which means that some inter-working functionalities should be added, directly or indirectly, between the CS core network and SAE. By using this mechanism, the change of domain occurs during the handover. A SR VCC solution using a PS->CS handover approach does not add any requirements in the radio network but instead add some interfaces to legacy CS network and functionalities in the LTE core network. Alternative 4 in [1] is an example of a solution making use of this mechanism.
2.1 Comparison between PS->PS and PS->CS handover 

As described above, SR VCC approaches using b) and c) have both some advantages and disadvantages. In order to support the search for a cost-effective SR VCC solution we evaluate both approaches according to the following considerations: 
I. Benchmarking against SA2  requirements
II. Impact of SR VCC (LTE->pre-LTE) in the 3GPP network elements
III. SR VCC position in the service continuation framework
I) Benchmarking against SA2  requirements

The below table shows how the PS->PS and PS->CS based solutions fit against the SR VCC solution requirements described in section 7.19.1.1 [1].
	 
	PS-> PS based SR VCC
	PS->CS based SR VCC

	a) The solution shall not require UE and/or RAT capability to simultaneously signal on two different RATs.
	OK
	OK

	b) Impact on service quality, e.g. QoS, interruption times should be minimized.
	3G: OK

2G: Some voice quality problems according to the level of investment in GERAN.
	LTE: Some dropped calls/Quality problems may arise as the handover to CS domain is delayed due to CS registration and security context procedures.

	c) RAT/domain selection/change should be under network control.
	OK
	OK

	d) In roaming cases, the Visited PLMN should control the RAT/domain selection/change while taking into account any related HPLMN policies.
	OK
	OK

	e) Inter-domain handover in the VPLMN should be performed without significant amount of signalling to the HPLMN.
	OK
	OK

	f) Impact on legacy RAT is highly undesirable.
	OK. No new requirements in 3GPP
	OK. No new requirements in 3GPP

	g) Impact on legacy CS CN is undesirable
	OK
	OK (although additional interfaces would be needed to handled the inter-working procedures between CS CN and SAE, e.g., “E interface”).


Table 2‑1 Benchmarking the SR VCC approaches against SA2 requirements 
Conclusion: Although not perfectly, both approaches meet the SA2 requirements for SR VCC.
II) Impact of SR VCC (LTE->2G/3G) in the 3GPP network elements
The impact on different parts of the network is described in the below table: 
	 
	PS-> PS 
	PS->CS 

	Radio network/
UE
	LTE/2G/3G:

Inter-RAT PS handover needed
2G/UE:

· Enhanced DTM CS establishment feature (TS 44.018)

· Intra-2G PSHO may be needed in some cases to avoid service breaks while voice call is being handled in the PS domain. 
	LTE/2G/3G:

· Inter-RAT PS->CS handover required. 
· Mobility procedures needed for handling different bearers to different domains simultaneously.

2G/UE:

· Inter-RAT DTM handover (to handle incoming CS and PS bearers to GERAN in case of multiple bearers).

· CS state machine needed in UE while in LTE 

	Core network
	SAE architecture:

· No impact.

IMS

· No impact. 
	SAE architecture:

· Depending on the specific solution, different requirements are needed to handle inter-working procedures to the CS core network (interfaces with CS core network, Inter- MSC functionalities at MME (Alternative 4 in [1]), anchoring of VCC users at CS when terminal is in LTE, etc).
IMS

·  Depending on the specific solution, the change of domain procedures may be different than [2].

	User satisfaction
	· Although the maximum interruption time for RT PS handover from LTE to 2G/3G is 300ms [4], this time could be severely reduced to similar values than in inter-MSC handovers.
· Degradation of voice quality may happen while UE is in PS domain in GERAN.
	·  Higher probability of dropped calls in LTE as the handover execution to pre-LTE is delayed due to CS security context handling and registration. In case of multiple bearers, the delay of one of the handover procedures, PS->PS (for data) or PS->CS (for voice) may impact the quality of the other bearer(s).

·  Interruption time for voice is unclear. Perhaps similar interruption as inter-MSC handover interruption times (longer than 80 ms).


Table 2‑2 Impact of SR VCC approaches on the network 
Conclusion: the PS->CS based SR VCC solutions demand less investment in the radio network side while add more investment in the core network side. PS-> PS based solutions do not add more requirements to SAE architecture keeping it as simple as possible. PS->CS and PS->PS based approaches may provide acceptable interruption times for voice. While PS->PS solutions may not guarantee good quality voice call in GERAN (depending on the GERAN features available), PS->CS solutions increase the probability of dropped calls and quality problems in LTE.
III. SR VCC position in the service continuation framework
Finally, in this last section we want to discuss about the position of SR VCC in the service continuation framework from LTE to other pre-LTE systems. In our opinion, voice continuation to CS domain should, as much as possible, follow the same path as the continuation for other services. At the same time the lifetime of the solution is very important and can be evaluated according to the market/technology trend.
The figure below shows the two different user paths for voice/service continuation to the CS domain. The back and red arrows describe the user path followed by using a PS->PS approach and PS->CS approach respectively. LTE is a PS network and therefore it is expected that the main inter-working path with other pre-LTE systems will be towards the PS domain in Pre-LTE (this path is the light-blue arrow (1) shown in the figure).

At first glance, the user path for PS->CS solutions seems a straightforward path but as was discussed earlier, this is at expenses of adding inter-working capabilities between SAE and CS core network. The required investment for this path is only for voice handling and as the market evolves towards VoIP it may be questioned the long term validity of PS->CS based solutions.

Instead, as PS->PS based solutions rely on features that are or will be specified in 3GPP and promote reusability of existing paths for other service continuation, we find the PS->PS based solutions to be long term solutions, cost effective and simple to implement. 
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Figure 2‑1 Voice continuation based on the PS->PS and PS->CS approach
 
Conclusion: While PS->CS based solutions demand a voice specific user path towards the CS domain,
the PS->PS based solutions are built on existing routes needed for other service applications: PS->PS based solutions creates synergy in R&D investment and implementation and allows easy migration towards VoIP call continuation.
3 Conclusions 
In this contribution we discussed three different approaches used by SR VCC solutions from LTE. We propose SA2 to consider our conclusions and decide on the selection of a SR VCC solution based on the PS->PS approach (via inter-RAT PS handover) as it provides the following benefits:.
· In overall, less expensive for most of the operators. 3G operators will not need to invest in their networks while GERAN operators may need to upgrade their networks according to the level of seamless inter-working they plan to have.
· Less expensive for UE/network vendors due to R&D and implementation synergy with other service continuation solutions from LTE to 2G/3G PS domain.

·  The needed functionalities for this approach are already standardized in 3GPP and can be implemented before LTE VoIP capable terminals will be available in the market.

·  Since SR VCC procedures are built on reusable user plane routes, this is the best solution in the long term where the popularization of VoIP will decrease the need for SR VCC.  Re-farming of GSM bands to LTE bands would reduce as well the need for voice over CS.
· Less work effort in 3GPP standardization (RAN WG 1/ RAN WG2/ SA2/GERAN).
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