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1. Introduction
In our previous contribution [2], the gain of fast switching is shown to provide 20% - 175% bit rate improvement compared with R99 closed loop transmission diversity scheme.  At the same time, the fast switching reduces the transmission power of DPCH by 1.2 dB compared to R99 scheme.  Furthermore the proposed scheme is easier to be implemented since it does not need of any new signalling, separate weight processing at node B, nor separate channel estimation at UE while UE weight calculation is needed to be modified.   

During previous RAN1 meeting#28, some companies raised issues related to simulation conditions and also we received some feedback which suggested us to consider the following. 
· Channel Conditions – It was mentioned that the gain of fast switching may degrade in the strong presence of multipath diversity gain.  Therefore some companies asked to see the gain of the proposed scheme in channel conditions other than single path case.  In this paper, we present the simulation results showing the performance of fast switching in most commonly used channel conditions such as PedA, PedB and VehA.
· Inter TTI interval – It was also mentioned that the fast switching gain may lose gain for those UE classes with non-consecutive TTI interval.  In this paper, we also present some results regarding this issue. 
· Impact of FBI error – Although it was not clear how FBI error would impact the gain of fast switching, some companies raised the issue on FBI error rate assumption.  In order to clarify that, we also present some results.
· Impact of packet activity – In the previous paper we assumed the UE is scheduled for 10% of the time.  In order to verify how the fast switching may behave under as many different conditions as possible, in this paper we also consider what happens when packet activity increases.
· Impact of link level results on system level – It is important understanding what can be the effect at system level of the fast switching method and to compare against possible scenarios where a static value of alpha is used as in R4.

In this paper, we present results on the above issues in order to show the benefit the fast switching scheme in scenarios that are as realistic as possible.

As a conclusion of these results we ask the fast switching method to be made a mandatory feature for R5 HSDPA.
2. Review on Fast Switching Weight Proposal

As shown in [1], [2], R99 closed loop TxAA scheme is not suitable when both HS-PDSCH and DPCH are active and the UE is in SHO, e.g. a user is making a voice call while he/she is browsing the web.  The fixed trade-offset based approach shown in R4 25.214 annex improves the HS-PDSCH performance at the expense of additional transmission power of DPCH.  Table 1 shows the comparison between the schemes. 
	
	R99
	R4
	“Separate Weight”
Lucent [7]
	“Fast Switching” NEC [1, 2]
	Samsung [?]

	HS-DSCH Optimisation
	Low
	Medium

(Trade-off)
	High
	High
	High

	DPCH Optimisation
	High
	Medium

(Trade-off)
	High
	High
	High

	Uplink Signalling
	R99 DPCCH
	R99 DPCCH
	New Signalling at HS-DPCCH
	R99 DPCCH
	New signalling (TDM on R99 DPCCH)

	Uplink Signalling Rate
	-
	Same as R99
	Higher than R99
	Same as R99
	Lower than R99 ?

	Separate weight for DPCH and HS-DSCH?
	No
	No
	Yes
	No
	Yes

	Mode 1 Weight update
	As specified in 25.214
	As specified in 25.214
	New update scheme due to uplink signalling rate
	As specified in 25.214
	As specified in 25.214


Table 1: Comparison of Proposals

The current closed loop TxAA scheme (Release 4 25.214 Annex) is based on a trade-off parameter called ‘alpha’: 
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Note that the coefficient alpha is set between 0.5 and 1.0.  If the network wants to optimise the Tx diversity weights for the first radio link more than others, then alpha can be increased upto its maximum level of 1.0.  However, in in such a case of alpha equal to 1.0, performance of DPCH degrades as that of HS-PDSCH improves.  So more transmission power will be required to meet target BLER of DPCH.  Therefore this ‘alpha’ becomes a trade-off parameter between reception quality of HS-DSCH and DPCH.  It is also important to note that the alpha parameter is set to a fixed level during the entire time the DPCH is in SHO.  Since the DSCH contains rather bursty traffic whereas the DPCH is used for continuous traffic, this kind of fixed trade-off is not optimal for such a mixed type of traffic.
A comparison of the R99, R4 and fast switching schemes is given in the following figure.  The R99 scheme always uses the weight vector optimised for DPCH regardless of the existence of HS-PDSCH.  This would incur in a large loss of HS-PDSCH quality, which is likely to be inefficient in terms of total transmitted power.  The R4 scheme can be used to ‘emphasise’ the serving HSDPA cell over the other non-serving cells.  However this will cause the quality of DPCH to degrade even when there is no downlink packet activity, such as during the reading time.  Note that this reading time can be up to few seconds and the duty cycle of HS-PDSCH could be as low as 10 % [7].  Thus the loss of DPCH quality during 90% of the time will be unnecessary, and can be avoided by changing the alpha value according to the downlink packet activity as we proposed in the previous RAN1#28 meeting.  The simplest way is to switch alpha between 1.0 and 0.5 as illustrated in the figure.  Note that this is a UE operation of which the node B requires no knowledge.  Node B functionality is unchanged from R99/R4.  Furthermore, no new additional uplink signaling is required. 
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Figure 1: Fast Switching Operation vs. R99/R4 Operation
3. Performance Evaluation
In the following, we show the behavior of the fast switching method compared to R99 (or alpha = 0.5), R4 with alpha = 0.75, and R4 with alpha = 1.0, in a number of different situations.
· Impact of channel – we use the channels specified for testing HSDPA in multipath propagation conditions as in Annex B.2.2 of TS-25.101 v.5.30: Pedestrian A @ 3 kmph, Pedestrian B @ 3 kmph, and Vehicular A @ 30 kmph.
· Impact of FBI errors – we use bit error rates up to 8% for each link.

· Impact of inter-TTI distance – we use inter-TTI distances of 1, 2, and 3.

· Impact of packet activity – we use packet activity up to 60%.
· Impact of link level results at system level – we apply the results of link level to show how the fast switching can give benefit to performance of the whole system.
3.1. Impact of Channel 

In the following figures 2 and 3, it is shown the performance of fast switching when compared to R99 and R4.

The results are presented in terms of reduction of the transmitted power of HS-PDSCH and of DPCH (figure 2 and figure 3 respectively) that is required to achieve 10% packet error rate.  These figures are taken from the plots of PER vs. Tx power of HS-PDSCH that are included in the annex.  The considered packet activity is 10%.
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Figure 2: Gain of Fast Switching in HS-DSCH TX Power Reduction.

Here are some considerations on the results of HS-PDSCH

· Ped A results are somewhat similar to our previous result (single path).

· Ped B results show that the effect of diversity gain in a strong multipath condition decreases the gain of Fast Switching.  In this channel condition, both site diversity and multipath diversity exist so that fast switching which emphasis site diversity provides less gain than Ped A where site diversity is the only source of diversity.

· For Veh A, the gain of fast switching is reduced a little more when compared to Ped B due to the additional time diversity of the higher velocity (interleaving gain).
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Figure 3: Gain of Fast Switching in DPCH TX Power Reduction.

· Compared to R99, Fast Switching always performs worse in terms of DPCH but with only a reduced amount (at worst of about 0.1 dB), while it provides the best gain over R4 alpha = 1.0.  

· The impact of the three channels is similar to the HS-PDSCH case.  So it is the analysis.
3.2. Impact of Feedback Errors
The following figures 4 and 5 show the transmission power of HS-PDSCH and of DPCH to achieve 10% packet error rate for the case of a Pedestrian A channel.  In this case, the packet activity is 60% for the sake of reducing the length of the simulation.  For this reason, the fast switching operates closer to R4 with alpha = 1 in the HS-PDSCH plot and requires slightly more power for DPCH.
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Figure 4: Increase of Required HS-PDSCH TX Power due to FBI Error 
The main conclusion is that FBI errors do not affect the gain of fast switching regarding transmitted HS-PDSCH power.

· With FBI errors we expect that all the methods are affected in the same way and that the gain of fast switching remains unchanged.  The figure confirms this expectation.

· With FBI error, we expect some increases in TX power due to SNR loss (imperfect TxAA weight). This prediction is clearly confirmed in the figure above.
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Figure 5: Increase of Required DPCH TX Power due to FBI Error

Also, FBI errors do not affect the gain of fast switching regarding transmitted DPCH power.

· Similar result as for HS-PDSCH are obtained, so that FBI error rate increases the required TX power of DPCH.
· The gain of FS remains unchanged. 
3.3. Impact of Inter-TTI Interval 
We apply inter-TTI distances of 1, 2, and 3 with the following rule.  When the UE detects on the HS-SCCH that it is scheduled, it switches alpha to 1.0 and it keeps it for a duration equal to the inter-TTI distance of its class.  For instance, if the UE receives a burst of N sub-frames and it has a inter-TTI distance of 2, alpha is kept to 1.0 for the duration of 2*N sub-frames.  In this way, a continuous oscillation of alpha is avoided and during the whole burst the transmission is optimised for HSDPA even if the packets are not continuous.

The results of our experiments (see figure 6) show that the gain of fast switching remains effectively unchanged.  So our scheme can be applied to all UE classes.

For our experiment we used Pedestrian A with a packet activity of 30%, 15%, and 10% for inter-TTI distance 1, 2, and 3.  We did that in order to fairly compare the three modes by having the same burst duration (30 sub-frames every 100).
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Figure 6: Effect of Inter TTI Distance on Gain of Fast Switching
3.4. Impact of Packet Activity
The effect of packet activity is shown in the following over the PedA channel. 

Figure 7 shows what happens for the HS-PDSCH transmission power.

Note that the gain of fast switching increases by increasing the packet activity from 10% to 30% and to 60%.  That is due to the fact that the weight update delay is fixed at its maximum of 3 slot irrespective to packet activity. Therefore, with higher packet activity its impact reduces so there is some gain.
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Figure 7: Impact of Packet Activity (Duty Cycle) on Gain of Fast Switching on HS-DSCH
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Figure 8: Impact of Packet Activity (Duty Cycle) on Gain of Fast Switching on DPCH
For the DPCH, the impact of packet activity shows the degradation of gain proportional to packet activity.  But it is normal that the longer burst duration, the more DPCH power is needed.

Moreover, for some cases the gain of fast switching is negative.  In fact, at 10% packet activity, Fast Switching provide positive gain against R4 alpha = 0.75 while at 30%, the fast switching provide a loss against R4 Alpha = 0.75.  However, if we apply this result to system level we still have global reduction of transmission power, as shown in the following section

3.5. Impact of link level results at system level

The results at link level show that the transmission power of HS-PDSCH to give 10% PER is always lower when we use fast switching if we compare versus R99 and R4 with alpha equal to 0.75.  And for Pedestrian B and Vehicular A, the performance is almost identical to using alpha = 1.0.

Thus, for the HS-PDSCH point of view the benefit seems obvious.

Also, the fast switching method lowers the transmission power of a single DPCH if compared to alpha = 1.0, and if compared to alpha = 0.75 when the packet activity is lower that 20%.

Now, let’s examine what happens at system level if fast switching is used as a mandatory feature and what could happen if fast switching is not used as such.

Fast switching used as a mandatory feature
Amongst all the UEs in SHO that have voice calls and HSDPA activities, only one UE (or the maximum number of UEs being scheduled in parallel) uses alpha equal to 1.0, and the others use alpha equal to 0.5.  Thus, the HSDPA throughput is maximised and at the same time the total power transmission of the DL-DPCHs is higher than R99 case by less than 0.1 dB (see figure 3).  Because all UEs but one use the R99 rule and the scheduled UE uses fast switching.  And only the latter raises the DPCH power, but only of a very small amount.

Fast switching not used as a mandatory feature (worst case)
All the UEs in SHO that have a voice call and HSDPA activities use alpha = 1 in order to maximise their throughput.  But they mantain alpha = 1 always, also if they are not scheduled, thus they generate an increase of the global transmission power of the DL-DPCHs that is given by up to 1 dB (see figure 3, Ped A) for every UE.
By comparing only these two simple scenarios it is clear that the behaviour of the UEs must be standardised in order to limit interference in the downlink due to improper use of alpha.
The following table gives another example of how the DL transmission power can be limited by making mandatory the fast switching approach. 
It shows very simple system level considerations of the gain of fast switching in terms of total DPCH transmission power for all users in a cell.  This table clearly shows that R4 scheme always provide higher total DPCH transmission power irrespective of the packet activity.
	Total number of users in SHO (All are in SHO)
	40
	40
	40
	　

	HS DSCH packet activity
	10
	30
	60
	　

	Number of parallel scheduled users
	2
	2
	2
	　

	Number of not-scheduled users
	38
	38
	38
	　

	　
	　
	　
	　
	　

	R99 case　
	　
	　
	　
	　

	DPCH TX power of a single scheduled user
	0.1
	0.1
	0.1
	watt 

	DPCH TX power of a single not-scheduled user
	0.1
	0.1
	0.1
	watt 

	Total DPCH TX power in R99
	4.0
	4.0
	4.0
	watt 

	　
	　
	　
	　
	　

	
	
	
	
	

	R4 0.75 case
	
	
	
	

	Increase of DPCH TX power (dB) respect to R99
	0.23
	0.2244
	0.209
	dB

	DPCH TX power of a single scheduled user
	0.10543869
	0.1053028
	0.1049301
	watt 

	DPCH TX power of a single not-scheduled user
	0.10543869
	0.1053028
	0.1049301
	watt 

	Total DPCH TX power in R4 0.75
	4.21754759
	4.2121128
	4.1972032
	watt 

	
	
	
	
	

	
	
	
	
	

	R4 1.00 case　
	　
	　
	　
	　

	Increase of DPCH TX power (dB) respect to R99
	1.09
	1.1498
	1.042
	dB

	DPCH TX power of a single scheduled user
	0.12852867
	0.1303107
	0.1271159
	watt 

	DPCH TX power of a single not-scheduled user
	0.12852867
	0.1303107
	0.1271159
	watt 

	Total DPCH TX power in R4 1.00
	5.14114664
	5.2124271
	5.0846374
	watt 

	　
	　
	　
	　
	　

	
	
	
	
	

	Fast switching case　
	　
	　
	　
	　

	Increase of DPCH TX power (dB) respect to R99
	0.12
	0.3546
	0.6468
	dB

	DPCH TX power of a single scheduled user
	0.10280163
	0.1085076
	0.1160593
	watt 

	DPCH TX power of a single not-scheduled user
	0.1
	0.1
	0.1
	watt 

	Total DPCH power at node B in FS
	4.00560326
	4.0170151
	4.0321186
	watt 

	Global increase of DPCH Tx power vs. R99
	0.0060794
	0.0184348
	0.0347331
	dB


Table 2: Example of increase of Tx power for DL DPCH with R4 options
4. Conclusion
We have shown that under a wide variety of realistic conditions link level simulations show a clear benefit of the fast switching for HSDPA.  In fact, fast switching achieves a reduction of power of the transmission power of HS-PDSCH.  And it allows a lower transmission power of DL DPCH in normal packet activity conditions.
Also, we have shown that if fast switching is not made mandatory, UE manufactures may be tempted to use a very high value of alpha in an attempt to maximise throughput to the UE, thus increasing the overall interference in DL because of increased transmission power of all the associated DPCHs.

Instead, if fast switching regulates the use of the alpha parameter, the throughput of HSDPA is increased and also the DL interference is kept at a minimum.  This interference will be close to R99 conditions because only a small number of DL DPCHs will have an increased transmission power, namely only those towards the UEs being scheduled.
Moreover, it is likely that these UEs are static (e.g., persons who are browsing and talking at the same time may not be walking but sit somewhere for long time) and the interference they may generate without fast switching is thus more critic.

	Fast switching weight
	Reasons for standardisation

	Why standardise it?
	· With link level simulation it is shown benefit under a wide range of conditions.

· It allows to optimise HSDPA throughput in a situation that is likely to happen often (voice + HSDPA + SHO)

· It has no impact on the network and minimal impact on UEs.

	Why mandatory?
	· UEs could put permanent emphasys on the serving cell in an attempt to maximise HSDPA throughput, thus generating more interference in DL due to loss of site diversity for DPCH.

	Why in R5?
	· It affects TxAA HSDPA behaviour which is a R5 feature.

· UEs without fast switching will be around also after R6 to generate interference.


Table 3: Reasons for standardisation of fast switching
Therefore, we ask RAN1 to modify R99/R4 closed-loop transmit diversity solution to include the proposed ‘fast switching weight’ scheme as a simple modification of the R4 normative.
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6. Annex

6.1. Link Level Simulation assumptions

	Parameter
	Value used
	Note

	Number of BTS
	2
	

	Path Loss 
	0 dB for every cell
	

	Channel type
	Ped A, Ped B, Veh A.
	

	Fading velocity 
	3,30 kmh
	

	Thermal Noise
	0 dB
	

	CPICH Power
	0 dB
	ON

	CQI
	6
	QPSK 1 code

	Adaptive CQI
	OFF
	Fixed CQI 

	HARQ
	OFF
	Only 1st transmission PER is considered.

	HS-DSCH Activity
	Variable Duty Cycle
	10,30,60 TTI consecutive transmission

and 100 TTI transmission interval 

	TX power of HS-PDSCH per code 
	Variable
	Only serving cell transmits fixed power HS-PDSCH

	DPCH 
	20 ms TTI
	As defined in 25.101 annex A.3.

	DPCH Inner Loop Power Control
	ON
	TPC Step Size = 1 dB

1 Slot Delay

	DPCH Downlink Power Balancing
	OFF
	Assuming 0 % TPC feedback.

	DPCH Outer Loop Power Control
	ON
	Target PER = 10 %

DeltaUp = 1 dB

	DPCH Channel Estimation
	Ideal
	

	DPCH receiver
	Standard RAKE with MRC
	

	
	
	

	TxAA mode 
	Mode 1 

Release 99/4
	As specified in 25.214

	TxAA feedback delay
	1 slot
	

	TxAA feedback error
	0, 1, 4, 8 %
	For every radio link.

	TxAA antenna verification
	ON
	Ideal antenna verification during every slot

	TxAA alpha 
	Variable 
	Fixed during simulation

	Fast Switching Delay
	1 slot
	Influence at the 1st and last slot of the consecutive TTIs. 

	Simulation Length
	120 seconds
	6000 TTI for 20ms DPCH

6000 TTI for 2ms HS-DSCH and duty cycles of 10 %


6.2. Link Level Simulation Results
In the following, we include the plots of HS-PDSCH packet error rate vs. transmitted power of HS-PDSCH and the required transmitted power of DPCH to achieve 10% PER vs. transmitted power of HS-PDSCH.
From these plots we extracted data for our analysis in the paper.

Effect of channel conditions
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[image: image11.emf]DPCH Tx Power - 2 Bts, Ped A @ 3kmph
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[image: image12.emf]HS-PDSCH PER - 2 Bts, Ped B @ 3kmph
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[image: image13.emf]DPCH Tx Power - 2 Bts, Ped B @ 3kmph
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[image: image14.emf]HS-PDSCH PER - 2 Bts, Veh A @ 30kmph
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[image: image15.emf]DPCH Tx Power - 2 Bts, Veh A @ 30kmph
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Effect of inter-TTI interval

[image: image16.emf]HS-PDSCH PER - 2 Bts, Ped A @ 3kmph - 30% - InterTTI = 1
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[image: image17.emf]HS-PDSCH PER - 2 Bts, Ped A @ 3kmph - 15% - InterTTI = 2
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[image: image18.emf]HS-PDSCH PER - 2 Bts, Ped A @ 3kmph - 10% - InterTTI = 3
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[image: image19.emf]DPCH Tx Power - 2 Bts, Ped A @ 3kmph - 30% - InterTTI = 1
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[image: image20.emf]DPCH Tx Power - 2 Bts, Ped A @ 3kmph - 15% - InterTTI = 2

-11.6

-11.4

-11.2

-11

-10.8

-10.6

-10.4

-10.2

-6 -5 -4 -3 -2 -1 0 1 2 3 4

HS-PDSCH Tx Power

DPCH Tx Power

alpha 0.50

alpha 0.75

alpha 1.0

Fast Switching


[image: image21.emf]DPCH Tx Power - 2 Bts, Ped A @ 3kmph - 10% - InterTTI = 3
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Impact of FBI errors

[image: image22.emf]HS-PDSCH PER - 2 Bts, Ped A @ 3kmph - 60% - FBI err 1%
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[image: image23.emf]HS-PDSCH PER - 2 Bts, Ped A @ 3kmph - 60% - FBI err 4%
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[image: image24.emf]HS-PDSCH PER - 2 Bts, Ped A @ 3kmph - 60% - FBI err 8%
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[image: image25.emf]DPCH Tx Power - 2 Bts, Ped A @ 3kmph - 60% - FBI err 1%
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[image: image26.emf]DPCH Tx Power - 2 Bts, Ped A @ 3kmph - 60% - FBI err 4%
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[image: image27.emf]DPCH Tx Power - 2 Bts, Ped A @ 3kmph - 60% - FBI err 8%

-12

-11.5

-11

-10.5

-10

-9.5

-9

-6 -5 -4 -3 -2 -1 0 1 2 3 4

HS-PDSCH Tx Power

DPCH Tx Power

alpha 0.50

alpha 0.75

alpha 1.00

fast swich


Impact of packet activity

[image: image28.emf]HS-PDSCH PER - 2 Bts, Ped A @ 3kmph, 10% packet activity
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[image: image29.emf]HS-PDSCH PER - 2 Bts, Ped A @ 3kmph - packet activity 30% 
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[image: image30.emf]HS-PDSCH PER - 2 Bts Ped A @ 3kmph 60% packet activity
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[image: image31.emf]DPCH Tx Power - 2 Bts, Ped A @ 3kmph 10% packet activity
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[image: image32.emf]DPCH Tx Power - 2 Bts, Ped A @ 3kmph - packet activity 30% 
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[image: image33.emf]DPCH Tx Power - 2 Bts, Ped A @ 3kmph  60% packet activity
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� This section is just for information only. Full description of the proposal can be found in [1] and [2]
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