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1. Introduction

During RAN#53, a WI was approved [1], aiming at standardising the Multiflow transmission for HSPA [1]. With this paper, we elaborate about the mobility with Multiflow and the need to have new measurement events to support the Multiflow operation.

2. Mobility with Multiflow

2.1 General aspects

The mobility is an important aspect to discuss for Multiflow because this feature is going to be activated at the cell edge, where mobility occurs. Some mobility aspects of the Multiflow operation were already presented in [2] and [4]. If the Multiflow operation is limited to the CELL_DCH state, then the network is in full control of when the primary serving cell changes and what the target serving cell will be. As a part of the serving cell change operation, the network will provide the configuration for the (primary and secondary) assisting cells, if any, thus making a decision on whether to continue with the Multiflow operation. Similar to the outcome of the 4C-HSDPA and 8C-HSDPA discussions, we prefer to rely upon the legacy mobility and reconfiguration mechanisms for Multiflow. 

Proposal 1: The mobility in Multiflow is based on the legacy mobility procedure.

In [4], some initial considerations were present on the synchronized and unsynchronized serving HS-DSCH cell change. Similar to MC-HSDPA, our view is that it is the network decision which type of cell change procedure is used, which should be limited neither to the SF-DC nor to the DF-4C operation. Even though the unsynchronized serving cell change procedure is expected to be faster, it is unreliable when it impacts the number of configured carriers as a UE switches at some point to a different HS-DPCCH format. 

Proposal 2: It is up to the network to decide which type of mobility cell change procedures – synchronized or unsynchronized – should be used with the Multiflow operation.

2.2 Additional measurements triggers

As raised in [3], there is an open question whether the network has enough event triggers to determine and update its understanding of cells suitable for the Multiflow operation. The 1D event can be used to switch the primary serving Multilfow cell  to a different cell once the best cell changes. In addition, there are also the 1A and 1B events that can be used by RNC in revising cells taking part in Multiflow. In other words, whenever the RNC receives an indication for a change in the active set, RNC can reconsider cells for the Multifow operation.  

However, as pointed out in [3], there is no event triggered by a UE when the second best cell changes within the UE active set. As presented in Figure 1, on the left hand side, once the cell 3  enters the reporting range, the event 1A is generated. However, no event is sent when that cell becomes stronger than cell 2. As a result, the network can continue to keep the Multiflow operation on the existent cells.  Note that even when event 1D is generated for cell 3, it is not so trivial for the network to know which cell is the second best one.  
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Figure 1: Scenarios for changing cell quality, showing cell signal strength over time

In Figure 1, on the right hand side, a different scenario is presented. If the Multiflow operation is enabled for cell 1 and 2, and cell 3 becomes stronger than cell 2, then some performance degradation may be observed if the network does not change the Multiflow configuration. However, once cell 2 leaves the reporting range, either the whole Multiflow operation can be terminated or switched to different cells.

As explained above several options for triggering UE measurement reports present themselves, and it is clear that choosing a suboptimal link will bring some performance loss.  In order to quantify that impact we carry out semi-static system simulations, in line with the simulation assumption that were used to assess the Multiflow performance during the SI phase (section 6 in TR 25.872 [7]). In semi static simulations UEs are dropped at random locations in the network in the beginning of a simulation, and several of those drops are averaged. 

It was observed that for a 6B HO margin, there were 20% of all UEs which had three links in the active set and hence could make a choice between the second and third link. The population of UEs which had two links in the active set was 44% of all UEs. That is, about 45% of all MF candidates also have three links. In order to obtain an average performance of a scheme where the UE does not report when a third link in the active set becomes better than the second, that is a scheme where the performance loss incurred  is highlighted in the yellow triangle of Figure 1, we may modify the semi-static system simulations such that: 

· In 50% of all cases the third best link is selected for Multiflow assistance, instead of the second one, for UEs which have three links in the active set.

· In 100% of all cases the third best instead of the second best link is chosen for Multiflow assistance. This is a worst case scenario that might correspond to a situation where immediately following a MF link establishment the UE moves in such a way that the 3rd link quality overcomes the quality of the 2nd best one.

Figure 2 shows the CDF of burst rates of all UEs, for an offered load of 200 kbps per UE, with on average 4 UEs per cell. Referring to Figure 2:

· P=0.0: the 2nd best link is always chosen as the assisting link.

· P=0.5: in 50% of the cases the third best link is chosen as assisting link when a UE has three links.

· P=1.0: in case the UE has three links always the third best link is chosen as assisting link.

A progressive performance degradation is observed as the probability of choosing the wrong link increases. However the overall impact at the system level is small or even negligible.
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Figure 2: CDF of burst rates, all UEs. 

When further differentiating the performance of UEs according to HO- or cell-center areas, we observe in Figure 3 that for both the UEs in soft- and in softer HO areas, the MF performance remains far better than that of the reference non-MF case. Note that there are also UEs in HO areas that only have two links, as stated earlier. We also observe that the difference between choosing always the correct second link and always choosing the wrong second link becomes smaller towards higher burst rates, especially visible for the UEs in softer HO areas. This is because UEs with higher burst rates typically are closer to the cell center and are less likely to have three links, so the effects of choosing the wrong link do not show there.
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Figure 3: CDF of burst rates, UEs per region.

The average gain of SHO MF UEs over SHO non-MF UEs here is 41%, and is reduced to 34% for choosing the wrong link half of the times, and to 30% for choosing always the wrong link, as can be seen from Table 1. 

Table 1: Mean gains for different probabilities of choosing the third best link as assisting link (4 UEs/cell).

	
	P=0.0 (assisting link always the 2nd best one)
	P=0.5
	P=1.0 (assisting link is always the 3rd best one)

	Overall gain
	12 %
	10%
	9%

	Gain UEs in SHO area
	41%
	34%
	30%

	Gain UEs in Softer HO area
	46%
	45%
	42%


Further refining the difference between the schemes we are now restricting the analysis to the UEs that have three links, and further differentiate between UEs which are closer to the cell center, characterized by a link imbalance between first and second link  >4dB, and between UEs which are closer to the cell edge, characterized by a link imbalance <1dB. The resulting burst rate CDFs are shown in Figure 4 and Figure 5.
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Figure 4: UEs with three links close to the cell center (green curves)
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Figure 5: UEs with three links close to the cell edge (green curves)

While considering UEs with link imbalance <1dB, we observe that the impact on performance becomes noticeable, as the mean gain of MF UEs with three links vs non-MF reference UEs with three links reduces from 57% to 43% for P=0.5, and to 29% for P=1.0. The gains for other sets of UEs are listed in Table 2.

Table 2: Mean gains for UEs with three links, for UE selections close to the cell edge and close to the cell center (4 UEs/cell)

	
	P=0.0 (assisting link is always 2nd best one)
	P=0.5
	P=1.0 (assisting link is always 3rd best one)

	UEs with three links
	40%
	32%
	23%

	UEs with three links, link imbalance 1st and 2nd link > 4dB
	16%
	16%
	15%

	UEs with three links, link imbalance 1st and 2nd link < 1dB
	57% 
	43%
	29%


The amount of UEs with link imbalance < 1dB and three links can be seen in Figure 6 to be about 32% out of the total number of UEs with three links in the active set, amounting to about 6% of the total UE population.
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Figure 6: CDF of link imbalance between 1st and 2nd link for UEs with three links in the active set

The performance for higher load scenarios has also been evaluated. The tables below contain mean gains for an offered load of 200 kbps per UE, with on average 16 UEs per cell. While gain values are lower in comparison with a less loaded scenario, which is in accordance with previous Multiflow contributions, the overall tendency remains the same. The biggest degradation in performance is observed in Table 4 for UEs with three links in the active set and closer to the cell edge (link imbalance between 1st and 2nd strongest links lower than 1 dB), going from 33% gain when normal MF is used to 10% gain when the third strongest link is always chosen as secondary serving link instead of the second one.

Table 3: Mean gains at high load for different probabilities of choosing the third best link (16 UEs/cell)

	
	P=0.0
	P=0.5
	P=1.0

	Overall gain
	9%
	6%
	4%

	Gain UEs in SHO area
	26%
	22%
	15%

	Gain UEs in Softer HO area
	29%
	25%
	16%


Table 4: Mean gains at high load for UEs with three links (16 UEs/cell)

	
	P=0.0
	P=0.5
	P=1.0

	UEs with 3 links
	26%
	18%
	8%

	UEs with 3 links, link imbalance 1st and 2nd link > 4 dB
	12%
	8%
	3%

	UEs with 3 links, link imbalance 1st and 2nd link <1 dB
	33%
	24%
	10%


It can be debated, which probability P for not choosing the correct link is anticipated in the real life if the network relies upon the legacy measurement events. As mentioned in the beginning, P=1 is a severe corner case that would assume that a UE first chooses the 2nd best link and then moves to an area where it becomes the 3rd best link. It must be also mentioned that in addition to the cell addition, removal, and best cell change events, the network can always configure periodic measurements that will update the rank of cell. As a complementary solution, the network can also configure additional measurements so that the full rank of cells is reported whenever an event is sent. Thus, we anticipate the probability P for not not choosing correctly the 2nd best link to be less than 0.5 in the real life scenarios.

The introduction of new measurement triggers will avoid Multiflow performance losses of UEs in soft and softer HO areas. However, it can be debated whether the effort in standardization,  implementation and signalling are justified by the increase in performance compared to a solution where handling of third best links is done with existing procedures. 

Proposal 3:  If RAN2 agrees to introduce a new measurement event for the Multiflow operation, it must have the minimum impact to the legacy functioning and introduce minimal signalling overhead.

If it is the common understanding that the Multiflow operation and configuration require establishing more measurement event triggers at the UE side, then it should be discussed whether we should mandate the “Extended measurements support” UE capability for the Multiflow capable UE. Extended measurement support capability may be needed for the DF-4C capable UEs, where the network may also ask for the number of the inter-frequency measurements needed to maintain the Multiflow operation on the secondary frequency.

Proposal 4: Discuss whether the Multiflow capable UE should also support the extended measurement capability. 

4. Conclusions

In this paper, we have presented and analysed a number of important aspects that relate to the mobility with Multiflow. Since the Multiflow functionality relies  heavily upon the existent MC-HSDPA solutions, we propose to re-use them. 

Concerning the introduction of new measurement events, based on the presented simulation results, we can conclude that any adoption of new solutions will be quite marginal at the overall system level, and become visible only to the specific subset of Multiflow UEs, which have the link imbalance less than 1dB. However, even for those UEs, the network already possesses a number of solutions to be updated with the rank of cells. Thus, before adoption of any new measurement event, RAN2 has to analyse carefully all the performance and implementation trade-offs.

Proposal 1: The mobility in Multiflow is based on the legacy mobility procedure.

Proposal 2: It is up to the network to decide which type of mobility cell change procedures – synchronized or unsynchronized – should be used with the Multiflow operation.

Proposal 3:  If RAN2 agrees to introduce a new measurement event for the Multiflow operation, it must have the minimum impact to the legacy functioning.

Proposal 4: Discuss whether the Multiflow capable UE should also support the extended measurement capability.

References

[1] RP-111375, “HSDPA multiflow data transmission”

[2] R2-114082, “Mobility in HSDPA multipoint transmission”, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell

[3] R2-115388, “Considerations  on Multiflow HSDPA operations”, InterDigital

[4] R2-114899, “Initial considerations on HSDPA multiflow transmission”, Huawei, HiSilicon

[5] R2-115903, “General considerations on Multiflow HSDPA operations”, Ericsson, ST-Ericsson

[6] R2-116014, “Discussion on mobility issues for multiflow transmission”, Huawei, HiSilicon

[7] TR 25.872, “High Speed Packet Access (HSDPA) multipoint transmission”, v11.0.0

_-1330110324.vsd

_-1330108724.vsd

