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1
Introduction
In 3GPP Rel-10 the LIPA concept will not support mobility for the active LIPA bearers. Therefore in SA2#82 it was decided for the LIPA bearer termination during the handover a solution, which is requiring the source RAN (e.g. H(e)NB) to terminate the active LIPA PDN connection before the HO request can be sent from the serving RAN towards the target RAN.

In this paper we present some estimates on the impact of the agreed procedure to the HO preparation delay and verify based on indoor simulation results the impacts to the HO performance in the enterprise and residential scenarios.
2 Discussion
2.1 Agreed procedures for the LIPA bearer deactivation
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Figure 1: X2 based handover preparation procedure [1]. 
Based on the SA2#82 agreement, the LIPA PDN connection shall be terminated in the source RAN before the HO preparation procedure can continue towards the target RAN. This will require triggering the LIPA bearer release between the steps 3 and 4 shown in Figure 1.
The base line for the agreed procedure to terminate the PDN connection is described in [2] section 5.4.4.1. The signalling flow below in Figure 2 is representing that procedure in the LIPA case.
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Figure 2: L-GW initiated bearer deactivation in case of LIPA PDN.
The text in [2] section 4.3.16 describing the LIPA function additionally requires that the HeNB shall not proceed with the handover preparation procedure towards the target RAN until the UE’s (E-)RAB context is clear for the LIPA bearer. 

This means that the earliest point in time to continue the RAN handover preparation procedure is after step 7a (HeNB is receiving the UL Information Transfer message from the UE containing the Deactivate EPS Bearer Context Accept) shown in Fig. 2.
The overall extra delay in the HO preparation phase, caused due to the LIPA bearer deactivation in the source RAN, is the time needed to run in the system steps 1 to 7a of Figure 2. The needed time will depend on many aspects: among others, on the used broadband connection between the HeNBs located in residential or enterprise premises and the CN entities located in operator premises, e.g., if xDSL broadband connections are used.
As a rough delay estimate for further considerations we assume 100-150ms extra HO preparation delay  caused by the LIPA PDN deactivation procedure in addition to the time period of the normal HO preparation procedure caused by the HO Request signalling over X2 or S1 between the source and target RAN. In Section 2.2 the simulation studies and results based on the above mentioned value (100-150ms) are reported.
2.2 
Simulation studies on HO preparation delay vs. Radio Link Failure (RLF)
2.2.1 Coordinated enterprise scenario
Simulated deployment scenario:
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Figure 3: Simple deployment scheme for the coordinated enterprise scenario.
The parameter setting used for the simulations are listed in Annex A at the end of the document.

The simulations were run for two HO preparation delay values (50 ms and 200 ms).

In case the 50 ms HO preparation delay is assumed to present the HO scenario without the need to terminate a LIPA PDN connection, the case with 200 ms delay should map quite well to an average delay case of X2 based mobility together with the LIPA bearer deactivation. 

[image: image4]
Figure 4: Radio Link Failure rate results for the coordinated deployment scenario.
The results reported in Figure 4 show the RLF rate for HeNB-to-HeNB scenario in the coordinated deployment assuming X2 based handover. The PrepDelay50 illustrates the X2 based handover without LIPA deactivation while the PrepDelay200 illustrates theX2 based handover with the LIPA deactivation in source RAN.
Assuming as “default” parameters TTT 256ms and HO margin 3 dB, ~1% RLF ratio can be achieved if the HO preparation delay is up to 50 ms. In case of longer HO preparation delay (up to 200 ms) the RLF ratio is clearly increasing but it still seems to remain on average below 5 %. 
However the increased delay (up to 200 ms) in HO preparation phase due to LIPA deactivation increases the Radio Link Failure ratio especially at corridor edge, i.e. when fast changes in signal levels are experienced as visualized in the maps shown in Figure 5. The red crosses are indicating the HeNB locations in the building (as shown in figure 3 as well). The light blue colour shows the locations of a higher RLF ratio.
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Figure 5: Location maps of higher RLF ratio in case of 50 ms and 200 ms HO preparation time.
As a general conclusion for the intra-enterprise mobility scenarios (using X2 based HO between HeNBs) the increased delay due to LIPA deactivation in the handover preparation phase seems to cause clear degradation in the overall handover performance. The corridor edges are the main problem areas, but on average it should be possible to reach a decent level for the RLF ratio (~ 3 - 5 %) with help of handover parameter adjustments. 
It is worth to note that in this consideration it was not verified the success ratio of receiving from the UE the uplink messages confirming the LIPA PDN context deactivation in the UE (steps 5 & 7a in Figure 2).
2.2.2 Uncoordinated enterprise scenario
The same simulation parameters were used as in the coordinated scenario as well as X2 based handover is assumed. In this scenario only the shared carrier (co-channel) deployment was considered.
The simulated deployment scenario is shown in Figure 6:
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Figure 6: Deployment scheme for the uncoordinated enterprise scenario
The Figure 7 below presents the RLF rate results for the uncoordinated deployment scenario. 

As a general conclusion about the uncoordinated scenario it is worth to note that there is quite a big difference between min and max RLF rates => mobility performance depends also on the random deployment as expected. 
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Figure 7: RLF ratio results for the uncoordinated deployment scenario
However when comparing the shorter and longer HO preparation delays (50 ms vs. 200 ms i.e. X2 based handover with and without LIPA deactivation delay) in the same scenario it is visible that the shorter HO preparation delay benefits the mobility performance, reducing average RLF rates by 30-40% even with good handover parameters.
2.2.3 Uncoordinated residential deployments
The handovers from the HeNB to the macro eNBs in residential environment are based on S1 handover procedures. 
The procedure time of the S1 based HO preparation signalling will depend on the network deployment, e.g. whether the handover is an intra- or inter MME procedure, the type of the broadband connection towards the HeNB (xDSL). 
As a rough estimate the overall time of the HO preparation phase including the additional delay caused by the LIPA bearer deactivation in source RAN is assumed to be ~ 300 – 350 ms in an average residential deployment scenario.
Same time the overall handover preparation time should be kept short to ensure the successful delivery of the DL message containing the HO command to the UE, despite of rapid decrease of the HeNB coverage (e.g. due to the wall attenuation, when the UE is moving outdoor into the macro cell coverage).
The more detailed analysis of the impacts to the RLF ratio is FFS, however the additional delay in HO preparation phase caused by the LIPA bearer deactivation is expected to have more critical impact on the increased RLF ratio in such HeNB to macro eNB mobility scenario.
3
Conclusions & Proposal

If the overall time of the HO preparation phase remains in 200 ms, a decent radio link failure ratio of ~ 3 - 5 % should be achievable with help of handover parameter adjustments in an enterprise scenario (i.e. inter- HeNB mobility) with the coordinated deployment.
The results however show that the uncoordinated deployment (no proper coverage planning as baseline for the HeNB locations) will increase risk for RLFs especially with a longer HO preparation time (~ 200 ms). 
In residential deployment scenario the short time of the handover preparation phase is important to support handover scenarios with rapid decrease of the HeNB coverage, when the UE is moving outdoor into the macro cell coverage. The extra delay due to the LIPA bearer deactivation during the HO preparation phase may increase critical manner the overall S1 based HO preparation time leading to worse handover performance (e.g. increased RLF ratio).
Based on the results presented in this paper we conclude that:

1) The Rel-10 approach would work in indoor environment, if planned properly, but this solution should be used only in deployment scenarios with infrequent mobility.
2) For Rel-11 as part of the LIPA mobility concept work a proper solution shall be considered to avoid the increase of the HO preparation time even in a mobility scenario in which the active LIPA service cannot continue in the target RAN.
Proposal 1: It is proposed to take the presented conclusions into account in the further work for Rel-11 LIPA enhancements.
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5
Annex A: Simulation parameters
Following parameters were used during the simulations:


- HeNB max Tx power: 10 dBm;
- 100 UEs uniformly distributed inside office (about 50% RB load in DL);

- CBR traffic DL 512 kbps, UL 64 kbps with 30 seconds calls;
- Simulation length: ~350 seconds;
- About 1000 calls during simulation;
- All HeNBs inside the enterprise are part of same CSG, no CSG access control needed during the handover;
- 5/15 dB attenuation on inside/outer walls;
- UE mobility 3 km/h, room-corridor walk (50% in corridor, only entrance doors can be used for moving from room to corridor);
- Radio Link Failure (RLF) timer T310: 200 ms.

Simulations were done both without and with co-channel deployment: dedicated carrier (no macro layer at all) and shared carrier (macro + enterprise).
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