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1 Introduction
In RAN2#77 discussion on the need of additional mobility events have taken place.  New events were proposed in [1] and [5], that are used to report change a of the second best cell to support MF operation.  In addition simulation results showing system performance we shown in [3] and [4].  However, no decision on whether a new event is indeed necessary was made in RAN2.

In this contribution, system simulation results are presented in order to further evaluate the need of introducing a new measurement trigger event to support optimal selection of the assistive cell for MF HSDPA operation. 

2 Discussion
The simulation results shown in RAN2#77 were a very useful tool in terms of evaluating the need of any mobility enhancements. In [3] it was argued that there is no need to enhance mobility procedures given the fact that UE population with an AS > 2 were an very small percentage of the total population.   However, while such low UE population does not indeed justify any enhancements to UE mobility, some inconsistencies of simulation assumptions used and the simulation assumptions agreed in RAN1,[2], during the study item phase was observed.  Mainly, the reporting range for soft handover events was set to 3dB, as opposed to one used in the study item phase 6dB range. 

 In order to have a full view of the system performance under different thresholds and to assist RAN2 in making a decision, in this paper we have presented a set of system level simulation results.  

The conducted system level simulation analyses the number of UE population in a soft handover with a reporting range of 3 and 6dB and the system throughput gains when optimally selecting an assistive cell using the baseline simulation assumptions specified in [2].   In [3] and [4], similar simulation is performed with different HO threshold settings. 
Following all other simulation requirement specified in [1], the system performance for inter-NodeB deployment is evaluated with focus on the UEs at cell edge, which include both soft and softer HO UEs.

The UE population distribution is examined first in terms of the active set size (AS) determined at different settings of the handover threshold. For the purpose of evaluating the benefit of the new trigger event, UEs are classified in to three categories:

· non cell-edge UEs: cell-center users that only have its primary serving cell in its active set , so AS=1

· cell-edge UEs of AS=2: cell-edge users that only have two serving cells within its active set

· cell-edge UEs of AS>=3: cell-edge users that more than two serving cells within its active set 

It is seen that the new trigger event will mostly benefit the cell-edge UEs of AS>=3, as they have the option of selecting different assistive cells.
From the simulation statistics, the UE distribution for R1a=6dB and 3dB is drawn in the pie charts shown in Figure 1 and Figure 2 respectively.  It is worth noting from the figures that the population of UE of AS>=3 for R1a=6dB is about 19%, three times as many of that for R1a=3dB. 
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Figure 1, UE population distribution in terms of active set size for R1a=6dB
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Figure 2, UE population distribution in terms of active set size for R1a=3dB
Further detailed classification of the UE distribution is given in Table 1, from which we may drive that 43% out of all cell-edge UEs have AS>=3 for R1a=3dB,  versus 24% for R1a=3dB.  
Table 1, UE population distribution (%) in terms of active set size

	
	 
	R1a=6dB
	R1a=3dB

	non-cell-edge UEs
	AS=1
	AS=1
	55.52
	75.69

	cell-edge UEs
	AS=2
	AS=2
	25.215
	18.435

	
	AS>=3
	AS=3
	11.405
	4.73

	
	
	AS=4
	4.9
	0.905

	
	
	AS>=5
	2.96
	0.24


Out of all the UEs with AS >= 2, then 56% and 76% of those UEs have an active set of 2 and 44% and 24% have an active set >= 3, when the reporting range is set to 6dB and 3dB respectively. 
The throughput performance with inter-Node B deployment is simulated under the PA3 and VA3 channel conditions when the best cell is selected as the primary serving cell. Two MF cases are evaluated with one case using the second best cell for assistive cell and the other one selecting the worst cell in the active set. Because the active set is set to 3 according to the simulation assumption specified in [4], the worst cell in the active cell is actually the 3rd best cell.  There is no difference between the two cases in scheduling the non-cell-edge or cell-edge UEs of AS=2.
The simulation results for PA3 channel with R1a=6dB is summarized in Table 2 where the throughput is average over all cell-edge UEs of AS>=3.  In Table 3, the throughput is averaged among all cell-edge UEs (including UEs of AS=2). 

From the tables, following observations may be drawn:
· The throughput performance may degraded about 12%  among all cell-edge UEs of AS>=3 if the 2nd best cell is not used for the MP transmission 
· The throughput performance may degraded about 4.5 %  among all cell-edge UEs AS >=2 if the 2nd best cell is not used for the MP transmission 

· The new trigger event will mostly improve the low rate UEs at cell edge, which is noted from the 10% difference of 10 percentile UEs in Table 3. 
Table 2, Average throughput (Mbps) over all cell-edge UEs of AS>=3 in PA3 channel

	 
	1UE/cell
	4UEs/cell

	
	10 percentile 
	mean
	90 percentile
	10 percentile 
	Mean
	90 percentile

	2nd best cell for MF-TX
	4.1946
	5.3207
	6.5528
	3.7997
	4.8788
	6.0816

	Worst  cell for MF-TX
	3.8401
	4.7345
	5.7115
	3.4578
	4.3679
	5.4122

	throughput difference
	0.3545
	0.5862
	0.8413
	0.3419
	0.5109
	0.6694

	throughput difference(%)
	9.2
	12.4
	14.7
	9.9
	11.7
	12.4


Table 3, Average throughput (Mbps) over all cell-edge UE in PA3 channel

	 
	1UE/cell
	4UEs/cell

	
	10 percentile 
	mean
	90 percentile
	10 percentile 
	Mean
	90 percentile

	2nd best cell for MF-TX
	4.5952
	7.0793
	10.369
	4.1511
	6.4901
	9.5211

	Worst cell for MF-TX
	4.1727
	6.7758
	10.2131
	3.763
	6.2442
	9.4892

	throughput difference
	0.4225
	0.3035
	0.1559
	0.3881
	0.2459
	0.0319

	throughput difference(%)
	10.1
	4.5
	1.5
	10.3
	3.9
	0.3


More simulation results are provided in the Appendix in the form of CDF and under other channel conditions. For VA3 channel, similar observation is concluded.
In summary, we have observed as much as 12% throughput loss for about 44% of UEs if the wrong cell is selected.  While this only affects a subset of the UEs in the system, we think that multiflow was introduced to improve coverage and rates of cell-edge users and therefore we should consider that such improvements can be beneficial for the UEs that the work item was originally targeting.   RAN2 should discuss, whether from performance perspective, this would be sufficient to justify the need to introduce a new trigger event to report the second best cell.  
Proposal 1: Discuss the need to introduce mobility optimizations to support multi-flow operation 

3 Conclusion
In this contribution, we have shown a number of simulation results which show the performance benefits of allowing some mobility enhancements for MF-HSPA.
Proposal 1: Discuss the need to introduce mobility optimizations to support multi-flow operation 
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5 Appendix 
5.1 Simulation results for PA3 channels
With R1a=6dB, the simulation results are presented in Figure 3 to Figure 6 in CDF curves for PA3 channel. At very light load case (1UE/cell),  the performance degradation of using wrong cell is evaluated in  Figure 3 and Figure 4, respectively over the population of  all the UEs of AC>=3 or over all the cell-edge UEs. Figure 5 and Figure 6 show the same set of CDFs for the higher load case (4UEs/cell). 
[image: image3.emf]0 1 2 3 4 5 6 7 8 9 10

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1 UEs/cell,PA3 channel,all cell-edge UEs of AS=3

Burst rate (Mbps)

CDF

 

 

2nd best cell for MF-TX

worst cell for MF-TX


Figure 3, CDF comparison in PA3 channel for all cell-edge UEs of AS=3, UEs/cell=1
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Figure 4, CDF comparison in PA3 channel for all cell-edge UEs/cell=1
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Figure 5, CDF comparison in PA3 channel for all cell-edge UEs of AS=3, UEs/cell=4
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Figure 6, CDF comparison in PA3 channel for all cell-edge UEs, UEs/cell=4

Table 4 summarize the average throughput performance under the same simulation settings over the population of all UEs of AS>=3 for PA3 channel, where statistic of 10 percentile, mean, and 90 percentile are listed.  In Table 5, same set of performance statistics is listed over the population of all cell-edge UEs.

Table 4, Average throughput (Mbps) over all cell-edge UEs of AS>=3 in PA3 channel

	 
	1UE/cell
	4UEs/cell

	
	10 percentile 
	mean
	90 percentile
	10 percentile 
	mean
	90 percentile

	2nd best cell for MF-TX
	4.1946
	5.3207
	6.5528
	3.7997
	4.8788
	6.0816

	Worst  cell for MF-TX
	3.8401
	4.7345
	5.7115
	3.4578
	4.3679
	5.4122

	throughput difference
	0.3545
	0.5862
	0.8413
	0.3419
	0.5109
	0.6694

	throughput difference(%)
	9.2
	12.4
	14.7
	9.9
	11.7
	12.4


Table 5, Average throughput (Mbps) over all cell-edge UE in PA3 channel

	 
	1UE/cell
	4UEs/cell

	
	10 percentile 
	mean
	90 percentile
	10 percentile 
	mean
	90 percentile

	2nd best cell for MF-TX
	4.5952
	7.0793
	10.369
	4.1511
	6.4901
	9.5211

	Worst cell for MF-TX
	4.1727
	6.7758
	10.2131
	3.763
	6.2442
	9.4892

	throughput difference
	0.4225
	0.3035
	0.1559
	0.3881
	0.2459
	0.0319

	throughput difference(%)
	10.1
	4.5
	1.5
	10.3
	3.9
	0.3


5.2 Simulation results for VA3 channels

Same set of performance results as section 5.1 is presented in Figures 7
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Figure 7, CDF comparison in VA3 channel for all cell-edge UEs of AS=3, UEs/cell=1
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Figure 8, CDF comparison in VA3 channel for all cell-edge UEs/cell=1
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Figure 9, CDF comparison in VA3 channel for all cell-edge UEs of AS=3, UEs/cell=4
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Figure 10, CDF comparison in VA3 channel for all cell-edge UEs, UEs/cell=4

Table 6, Average throughput (Mbps) over all cell-edge UEs of AS>=3 in VA3 channel

	 
	1UE/cell
	4UEs/cell

	
	10 percentile 
	mean
	90 percentile
	10 percentile 
	mean
	90 percentile

	2nd best cell for MF-TX
	3.8232
	4.7215
	5.6499
	3.3189
	4.2179
	5.172

	worst cell for MF-TX
	3.508
	4.2459
	5.0266
	3.0452
	3.8074
	4.6176

	throughput difference
	0.3152
	0.4756
	0.6233
	0.2737
	0.4105
	0.5544

	throughput gain(%)
	9.0
	11.2
	12.4
	9.0
	10.8
	12.0


Table 7, Average throughput (Mbps) over all cell-edge UE in VA3 channel

	 
	1UE/cell
	4UEs/cell

	
	10 percentile 
	mean
	90 percentile
	10 percentile 
	mean
	90 percentile

	2nd best cell for MF-TX
	4.1513
	6.0227
	8.4282
	3.6204
	5.3975
	7.6367

	worst cell for MF-TX
	3.7775
	5.8148
	8.4596
	3.3176
	5.2248
	7.7018

	throughput difference
	0.3738
	0.2079
	-0.0314
	0.3028
	0.1727
	-0.0651

	throughput gain(%)
	9.9
	3.6
	-0.4
	9.1
	3.3
	-0.8











