
3GPP TSG-RAN WG2 Meeting #81-BIS
R2-131356
Chicago, US, 15th – 19th April 2013
Agenda item:

7.1.1
Source:
Renesas Mobile Europe Ltd
Title:
Further Evaluation of MSE Enhancements
Document for:

Discussion and Decision

1
Introduction
In LTE Release 12 Work item RP-122007 HetNet mobility enhancements for LTE, the research objectives are:

· Improve overall HO performance with regard to HO failure rate and Ping-pong in HetNet.

· Improved small cell discovery/identification that minimizes battery consumption without significant impact on small cell offloading potential. 

· Improvements to help with recovery from RLF to help improve the overall mobility robustness of HetNet. 

· Enhancements to HO performance during long DRX with focus on improvements for HetNets.
As seenin several earlier RAN2 contributions, mobility state estimation (MSE) procedure can be used to improve UE overall HO performance in Hetnets by scaling time-to-trigger value according to the UE mobility state [2]. However, having a reliable MSE state information can be used in several ways to improve the performance in all above-mentioned categories i.e.:
· Battery consumption in small cell discovery can be minimized for low mobility UEs by relaxing measurement intervals without endangering medium/fast mobility state UE discovery performance.
· Recovery from RLF and further RLF avoidance can be improved, if UE mobility state and related assistance information is properly taken into account in RLF evaluation and connection reconfiguration after the occurrence of the RLF.
· Performance of long DRX UEs can be improved by taking into account the MSE state when UEs are reconfigured or when those UEs are doing HO related measurements, which on the other hand, allows further power savings and more robust HO/mobility performance. 
In [2], performances of several MSE schemes were evaluated taking into account classification reliability and mobility robustness. In this contribution,  we evaluate the prospects and constraints of Selective MSE and Weighting based MSE against the Rel-8 MSE. We also provide some discussion on the metrics proposed in [3]. Section 2 shows more simulation results for the simulations introduced earlier in [2] by using similar metrics as in TR 36.839 [4]. Section 3 discusses whether or not UE based MSE schemes can improve the overall handover performance and the mobility robustness in ways that cannot be as easily achieved otherwise e.g., with network based MSE scheme. Finally, Section 4 concludes the document and highlights the conclusions we have reached.
2
Performance of Selective MSE
This section summarizes performances of several MSE schemes shown earlier in [2]. Performance metrics are shown only for the densest Hetnet scenario with 10 pico cells per macro cell;  the trends were similar but differences were smaller in the less dense scenarios. 
The following figure labels are used throughout this section: 

· Rel-8 refers to the Rel-8 MSE scheme, 
· Sel #1 refers to Selective MSE where only macro-macro handovers are counted resulting in negative bias [2] 
· W-MSE refers to weighting based MSE [2]. 
· Sel #2 refers to Selective MSE where all macro-macro and pico-macro handovers are counted [2]. 
· Sel #3 refers to overlaying inter-site Selective MSE scheme
· Ideal refers to known ideal MSE scheme, where UE mobility state is always classified correctly e.g., 30 km/h UEs belong to normal category, 60 km/h UEs belong to medium category and 120 km/h UEs belong to highest category. 
Finally, we note that we use the term “negatively biased” to indicate that the UEs tend to be classified into lower mobility state than their actual UE speed would indicate. The term “positively biased” means the opposite, i.e. that the UEs tend to be classified into higher mobility state than their actual UE speed would indicate.
2.1
Performance comparison of different MSE schemes 
The Figures 1-4 illustrate the comparison of the difference schemes as follows: 

· Figure 1 shows the rate of handovers per UE per second.
· Figure 2 shows the percentage of short stay handovers compared to total amount of successful handovers as in [4]. 
· Figure 3 shows the State 2 handover failure (HOF) percentage compared to all handover attempts. 
· Figure 4 shows rate of handover failures per UE per second.
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	Figure 1: Handovers per UE per second
	Figure 2: Percentage of short stay handovers
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	Figure: 3 Handover failure rate
	Figure: 4 Handover failures per UE per second


Following observations are made from Figure 1 – Figure 2.

Observation 1: Negatively biased Sel#1 scheme results in lowest HO/UE/s rate with smallest amount of short stay handovers. This is due to the misclassification of UE mobility state which results in longer time-to-trigger values (i.e. more UEs are classified as having low mobility).

Observation 2: Performance of the stable MSE schemes e.g., W-MSE, Sel #2 and Sel #3, are somewhat similar.

Observation 3: Positively biased Rel-8 scheme results in higher HO/UE/s rate with larger amount of short stay handovers in average e.g., especially for 30 km/h and 60 km/h UEs.

Observation 4: The Ideal MSE scheme tends to give highest HO/UE/s rate and largest TOS percentage. However, this is partly due to the fact, that other schemes suffer a convergence penalty as described in Section 2.2.

Following observations on the MSE schemes are made from Figure 3 – Figure 4.

Observation 5: Negatively biased Sel#1 scheme results in highest handover failure performance. This is due to the misclassification of UE mobility state which results in longer time-to-trigger values for 60km/h and 120 km/h UEs.
Observation 6: Performance of stable MSE schemes e.g., W-MSE, Sel #2 and Sel #3, are somewhat similar.

Observation 7: Positively biased Rel-8 scheme results in good handover failure performance. Difference compared with stable MSE scheme is small for 120 km/h UEs. Larger difference is observed in case of 60 km/h UEs.

Observation 8: Ideal scheme tends to give the best handover failure performance. However, this is partly due to the fact, that other schemes suffer a convergence penalty in the beginning of the call which has an effect on average values as described in Section 2.2.
2.2
Mobility Robustness and MSE convergence
Figure 5 and Figure 6 shows the effect of the MSE process convergence penalty: Assuming the UE starts the handover count from zero in the beginning, since the UE call length is only twice of the TCRmax, it takes some time until MSE algorithm starts to classify mobility state correctly. Note that we assume the MSE in active at all times, so that the mobility state estimation always affects the A3 event evaluation (i.e. when the enter condition is valid, time-to-trigger is scaled according to the current MSE state). Figure 5 shows the rate of RLF per UE per second in steps of 50 seconds and Figure 6 shows the rate of HO per UE per second. Figure 7 shows the rate of RLFs / HOs.
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	Figure 5: RLF/UE/s statistics
	Figure 6: HO/UE/s statistics


As shown in Figure 5 and Figure 6, except for the ideal MSE scheme, the mobility performance of 60 km/h and 120 km/h UEs is worse in the beginning of the call due to the convergence penalty. As the simulation advances, other MSE schemes start to scale time-to-trigger timer correctly, which improves the handover performance. Figure 7 indicates that after the MSE methods have converged, the Ideal MSE is slightly better than the Rel-8 or other stable MSE schemes in the studied scenario. However, the mobility performance is clearly poorer when only macro-macro handovers are counted (like e.g. with Sel #1 scheme).
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Figure 7: RLF/HO attempts

We make the following observations from Figure 5 – Figure 7.

Observation 9: The MSE method counting only the macro-macro handovers results in poorest mobility performance and such algorithm should not be considered as an enhanced MSE scheme. 
Observation 10: Ideal MSE results in the best mobility performance, however, the difference is not significant compared with Rel-8 MSE or other stable MSE schemes.

Overall, we see that from mobility performance perspective, the Rel-8 MSE actually provides reasonably good performance: The amount of RLFs is less than with other realistic schemes (the Ideal MSE is not seen as realistic scheme), but with the cost that more handovers occur and many of those are short-stay handovers.

Proposal 1: If mobility performance is seen as the most important factor to improve in Hetnet, the improvements should focus on reducing the amount of ping-pong handovers rather than modifying the MSE scheme.
2.3
Discussion about Convergence Penalty 

It is worth of noting that the convergence penalty does not exist only in the beginning of the MSE process: As depicted in Figure 8, the same can occur also in heterogeneous small cell networks when UE is handed over from sparse rural network to denser network layer.
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Figure 8: Problematic MSE Scenario when UE transits from homogeneous to heterogeneous network
In Figure 8, UE moves from a homogeneous (e.g. rural area) network (e.g. 800 MHz deployment with inter-site distance of 2 km), towards heterogeneous (e.g. urban or suburban) network (e.g.2.6 GHz deployment with co-channel small cells and inter-site distance less than 500m). Assuming the operator policy is to have good overall mobility performance with Rel-8 MSE,  the eNB specific MSE parameters need to be optimized according to the environment. (For example, if we assume TCRmax of 120 seconds, in homogeneous area, we could have NCR_M =  1 and NCR_H =2, whereas in the heterogeneous area NCR_M = 4 and NCR_H = 8). Such optimization is needed to compensate the positive/negative bias between sparse and dense network deployments, which we have observed in earlier sections for Rel-8 MSE.

For elaborating further the issue in Figure 8, we consider the following:

1) UE receives MSE configuration which is optimized for sparse homogeneous  environment and used in all eNBs operating on 800 MHz band.

2) After 2 handovers within the TCRmax, the UE will classify its mobility state correctly to “high mobility” class.

3) UE is handed over to micro eNB operating on 2.6 GHz having different MSE parameters for the heterogeneous environment. Since in the that environment, the NCR thresholds are set differently (i.e. larger NCR_M and NCR_H), UE MSE state is incorrectly classified to normal mobility state if the handover/reselection count is evaluated immediately with new MSE parameters. This results in a convergence penalty and potentially decreases the UE handover performance.
The consequence of this convergence penalty is that UE handover failure probability is higher for certain period time due to the fact that handover count is not high enough for estimating UE mobility state correctly. Figure 9 illustrates the effect of convergence penalty for 120 km/h and 60 km/h UEs compared with ideal MSE where MSE state is always correct. Figure 2 indicates that in the beginning of the penalty more than 10% higher handover failure rates can exist in case conflicting configuration is taken into use a received. 
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Figure 9: Effect of the convergence penalty for 60 and 120 km/h UEs in 10 P/M scenario.

Observation 11: Different Rel-8 MSE configurations can results in decreased handover performance i.e., when UE is moving from sparse network topology to dense network topology.

We note that this kind of convergence issue is another way of formulating the instability of the MSe algorithm that is already captured in the TR 36.839. 
Proposal 2: RAN2 to clarify in TR 36.839 that the instability of the MSE can also occur when the network density changes and can be a source of mobility robustness problems in Heterogeneous networks.

Proposal 3: RAN2 should discuss solutions for UE behavior in case an inconsistency between the estimated UE mobility state and MSE parameterization exists for ensuring robust mobility operation in heterogeneous networks.
Finally, we note that the instability of the MSE is mainly an issue if the MSE state is to be used as an accurate (enough) UE speed estimation. As we have seen from earlier results, the modified MSE mechanisms are well able to stabilize the MSE states and remove the positive and negative biases inherent in the Rel-8 MSE. However, as Section 2.1 suggests, the mobility performance might still be reasonably good even with the plain Rel-8 MSE.
3
Prospects and Constraints of Selective MSE
Table I discusses different aspects of Rel-8 MSE, Selective MSE and Weighting based MSE schemes. Evaluation aspects are the same as proposed in [3]. Goal is to have a clear view on how and why UE based MSE schemes can improve overall handover performance in a ways that cannot be easily achieved otherwise e.g., with network based MSE scheme.
Table I: Evaluation of different MSE schemes
	Criteria
	Selective MSE
	Weighted MSE
	Rel-8 MSE

	Mobility performance
	Reliable MSE algorithm which can result in a good HOF and short stay HO performance. Allows discriminating between mobility and load balancing HOs. Allows intra-frequency small cell avoidance.
	Reliable MSE algorithm which can result in a good HOF and short stay HO performance. Allows discriminating between mobility and load balancing HOs. Allows intra-frequency small cell avoidance.
	Good RLF/UE/s performance but slightly higher ping-pong HO rates. Can be optimized, if MSE parameters are configured carefully. Cannot discriminate between mobility and load balancing HOs. Is not feasible for intra-frequency small cell avoidance in dense small cell networks.

	Standardization effort
	For connected mode, requires minor changes to RRC signalling. In idle mode requires changes for SIB1/3/5 signalling.
	For connected mode, requires changes to RRC signalling [5]. In idle mode requires changes for SIB signalling.
	-

	Signalling overhead
	1-bit IE for RRC Conn. Reconf. Incl. mobilityControlInfomation. One bit IE for SIB1 or SIB3 per small cell. In addition, one bit IE per small cell frequency layer for SIB5.
	N>2 bits weight IE for RRC Conn. Reconf. Incl. mobilityControlInfomation [5]. Difficult to achieve good idle mode performance. Would require cell-type and weight signaling per HO type. 
	-

	Backward compatibility
	Only Rel-12+ UEs can benefit stable MSE and improved small cell avoidance.
	Only Rel-12+ UEs can benefit stable MSE and improved small cell avoidance.
	This solution is backwards compatible.

	Idle UE applicability
	Idle mode support can be built with minor signalling changes.
	Idle mode support can be built with signalling changes.
	This solution supports idle mode operation.

	Configuration effort
	Configuration effort is reduced if MSE parameterization is small cell independent. The decision of whether to count a handover is based on simple rules.
	Configuration effort is reduced if MSE parameterization is small cell independent. Setting up the weights likely requires some SON functionality.
	Self-configuration of MSE parameters could be done with the assistance of SON solutions.

	Implementation effort
	Comes with (minor) additional UE/eNB implementation effort since Selective MSE relies on the Rel-8 MSE.
	Comes with some additional UE/eNB side implementation.
	SON algorithm can be implementation for O&M or eNB-side. No further UE side implementation impacts.


Following observations were made from Table I.

Observation 12:  By configuring MSE thresholds properly, Rel-8 MSE performance is good enough in most of the cases. Moreover, if parameter optimization is done in self-organized manner, then MSE can be enhanced with negligible standard impact and benefit idle and connected mode UEs. 
Observation 13: The UE-based Rel-8 MSE procedure cannot discriminate between mobility and load balancing handovers which can results in erroneous performance and misclassification in some cases. Moreover, intra-frequency small cell avoidance would result in unstable MSE process in case thresholds (although self-configured) are based on handover counts including small cell visits.
Observation 14: If discrimination between mobility and load balancing handovers are needed or intra-frequency small cells avoidance is seen as a remarkable use case, then simple selective MSE algorithm can be used. It is nearly as reliable as weighting based MSE but has smaller standard impact and signaling burden. Moreover, support for idle and connected mode operation can be built easier for Selective MSE than weighting based MSE, although, both schemes would require new IE elements to be added to control signaling.   
4
Conclusion

The following observations are made on the results shown in this paper:

Observation 1: Negatively biased Sel#1 scheme results in lowest HO/UE/s rate with smallest amount of short stay handovers. This is due to the misclassification of UE mobility state which results in longer time-to-trigger values (i.e. more UEs are classified as having low mobility).

Observation 2: Performance of the stable MSE schemes e.g., W-MSE, Sel #2 and Sel #3, are somewhat similar.

Observation 3: Positively biased Rel-8 scheme results in higher HO/UE/s rate with larger amount of short stay handovers in average e.g., especially for 30 km/h and 60 km/h UEs.

Observation 4: The Ideal MSE scheme tends to give highest HO/UE/s rate and largest TOS percentage. However, this is partly due to the fact, that other schemes suffer a convergence penalty as described in Section 2.2.

Observation 5: Negatively biased Sel#1 scheme results in highest handover failure performance. This is due to the misclassification of UE mobility state which results in longer time-to-trigger values for 60km/h and 120 km/h UEs.

Observation 6: Performance of stable MSE schemes e.g., W-MSE, Sel #2 and Sel #3, are somewhat similar.

Observation 7: Positively biased Rel-8 scheme results in good handover failure performance. Difference compared with stable MSE scheme is small for 120 km/h UEs. Larger difference is observed in case of 60 km/h UEs.

Observation 8: Ideal scheme tends to give the best handover failure performance. However, this is partly due to the fact, that other schemes suffer a convergence penalty in the beginning of the call which has an effect on average values as described in Section 2.2.

Observation 9: The MSE method counting only the macro-macro handovers results in poorest mobility performance and such algorithm should not be considered as an enhanced MSE scheme. 
Observation 10: Ideal MSE results in the best mobility performance, however, the difference is not significant compared with Rel-8 MSE or other stable MSE schemes.

Observation 11: Different Rel-8 MSE configurations can results in decreased handover performance i.e., when UE is moving from sparse network topology to dense network topology.

Observation 12:  By configuring MSE thresholds properly, Rel-8 MSE performance is good enough in most of the cases. Moreover, if parameter optimization is done in self-organized manner, then MSE can be enhanced with negligible standard impact and benefit idle and connected mode UEs. 

Observation 13: The UE-based Rel-8 MSE procedure cannot discriminate between mobility and load balancing handovers which can results in erroneous performance and misclassification in some cases. Moreover, intra-frequency small cell avoidance would result in unstable MSE process in case thresholds (although self-configured) are based on handover counts including small cell visits.

Observation 14: If discrimination between mobility and load balancing handovers are needed or intra-frequency small cells avoidance is seen as a remarkable use case, then simple selective MSE algorithm can be used. It is nearly as reliable as weighting based MSE but has smaller standard impact and signaling burden. Moreover, support for idle and connected mode operation can be built easier for Selective MSE than weighting based MSE, although, both schemes would require new IE elements to be added to control signaling.
Based on these, the following proposals are made:
Proposal 1: If mobility performance is seen as the most important factor to improve in Hetnet, the improvements should focus on reducing the amount of ping-pong handovers rather than modifying the MSE scheme.

Proposal 2: RAN2 should clarify in TR 36.839 that the instability of the MSE can also occur when the network density changes and can be a source of mobility robustness problems in Heterogeneous networks.

Proposal 3: RAN2 should discuss solutions for UE behavior in case an inconsistency between the estimated UE mobility state and MSE parameterization exists for ensuring robust mobility operation in heterogeneous networks.
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Appendix A
Following simulation parameters were used during the simulations:
	Feature/Parameter
	Notes
	Value/Description

	3GPP Macro Cell Scenario
	Cell layout
	57 sectors/19 BSs

	
	Inter site distance (ISD)
	0.5 km

	Small cell layout
	Randomly placed
	0/2/6/10 small cells per macro cell

	Hotspot for UE movement/placement
	
	Polygon enclosing 6 centremost macro cells.

	Distance-dependent path loss
	Macro cell model (TS 36.814, Model 1)
	128.1 + 37.6log10®

	
	Pico cell model (TS 36.814, Model 1)
	140.7 + 36.7log10®

	BS Tx power
	Macro

Pico
	46 dBm

30 dBm

	Antenna Gain
	Macro

Pico
	15 dB

5 dB

	Shadowing standard deviation
	Macro

Pico
	8 dB

10 dB

	Shadowing correlation between cells/sectors
	
	0.5 / 1.0

	Shadowing correlation distance
	Macro

Pico
	25 m

25 m

	Multipath delay profile
	
	Typical Urban

	UE velocity
	
	3 km/h, 30 km/h, 60 km/h, 120km/h

	UE movement
	How do the UEs move in the cell?
	Random

	UE placement
	Proportion of UEs placed inside the pico hotspot(s) for each cell
	All

	TRCmax
	Sliding time window for MSE
	120s

	NCR thresholds
	MSE thresholds for discriminating between normal, medium and high mobility
	NCR_M = 10, NCR_H = 16

	TTT scaling factors
	For scaling A3 event TTT
	Sfnormal=1, Sfmedium=0.5, Sfhigh=0.25

	Handover parameters
	Threshold
Hysteresis

Time-to-trigger (normal mobility)
	2 dB

1 dB

480ms

	Ping-pong time
	Handovers which occur within ping-pong time are not counted for MSE.
	1000 ms.

	Intra RSRP/Q Measurement
	L1 measurement period

Measurement bandwidth

Measurement error standard deviation

L1 sliding window size
	40 ms

6 RBs

2 dB

5

	Handover preparation time
	
	50 ms

	Radio link failure monitoring
	Qout threshold

Qin threshold

T310

N310
	-8 dB

-6 dB

1000 ms

1

	Cell identification
	
	Ideal

	RRC messages Sent Over Air
	How measurement reports and HO commands are modelled?
	Enabled

	Transmit mode
	UE receiver assumption
	1x2 MRC

	Number of calls/simulation
	
	350 active calls, average call length 240s.

	DL Interference load
	Macro, Pico
	100% RBs loaded
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