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1
Introduction
One of the open issues for operation of DC-HSUPA is the UE behavior in headroom limited situations when E-DCH transmission is on-going. There were several scaling algorithms proposed in the previous RAN WG1 meeting to address this issue [1]-[3]. In this contribution we evaluate the performance of the proposed schemes through link and systems simulations and present a way forward. 
2
Background
Power scaling algorithms apply when the UE is headroom limited and E-DCH transmissions are on-going. For DC-HSUPA, maximum power scaling algorithms are applicable under the the following scenario:
1. The UE is configured with two uplink carriers and both carriers are enabled and active. If the secondary carrier is de-activated, then legacy scaling rules would apply to the primary carrier.

2. Packet sizes have been selected on both carriers via E-TFC selection and in accordance with the grants provided by the scheduler.

3. The UE is headroom limited and since the maximum power constraint at the UE has to be met, power scaling has to be applied to one or both carriers. This typically happens

a. During re-transmissions since the UE would not be able to re-select a new packet size to fit available headroom.

b. When power control commands cause the total transmitted power across both carriers to exceed the maximum available power. 
In single carrier HSUPA, the legacy power scaling algorithm is defined as follows [4]:

· if the total UE transmit power (after applying DPCCH power adjustments and gain factors) would exceed the maximum allowed value, the UE shall firstly reduce all the E-DPDCH gain factors ed,k by an equal scaling factor to respective values ed,k,reduced so that the total transmit power would be equal to the maximum allowed power
· if any ed,k,reduced/c is less than ed,k,reduced,min /c, that ed,k shall be set to ed,k,min such that ed,k,min/c = min (ed,k,reduced,min /c, ed,k,original/c)and ed,k,reduced,min is configurable by higher layers. If the total UE transmit power would still exceed the maximum allowed value, all the betas are then scaled by a fixed additional scaling that is chosen to make the required transmit power equal to the allowed value.
· Any slot-level scaling of ed or DTX of E-DPDCH is applied at layer 1 only and is transparent to higher layers.

3
Maximum Power Scaling Algorithms
When the UE is configured in DC-HSUPA and both carriers are active with on-going E-DCH transmissions, several algorithms for maximum power scaling arise which can broadly be classified  into two categories [1]:
· Sequential Scaling

· Scaling of the E-DPDCH is performed in a sequential fashion according to carrier priority. A preferred carrier is protected whilst the other carrier is scaled until the carrier reaches the minimum power (ed,k,min) for that carrier. If this reduction is not sufficient, then the preferred carrier is also scaled until both carriers have reached the ed,k,min on the respective carriers. Note that we assume the possibility to set a different ed,k,min for each carrier.
· Preferred carrier can be

· Carrier with lower DPCCH power

· Carrier with lower total power

· Carrier with higher rate

· Parallel Scaling

· Scaling of the E-DPDCH is performed on both the carriers simultaneously.

· If one of the carriers reaches the minimum power (ed,k,min), the power is frozen while the data on the other carrier is scaled further until both carriers have reached the ed,k,min on the respective carriers.
Note that the above scaling algorithms apply when the ed,k on one or both of the carriers is larger than ed,k,min . When both carriers are transmitting at their respective minimum data power and the UE transmit power still exceeds the maximum available power, then additional power reduction is achieved by equal scaling of all the physical channels on both carriers. This is in accordance with the behavior in single carrier HSUPA when the ed,k,min is reached.

Figures 13, 14, 15 and 16 in the Annex 1 show flowcharts that describe the above maximum scaling algorithms in more detail.

When both carriers are transmitting at their respective minimum data power and the UE transmit power still exceeds the maximum available power, we could also consider alternative schemes where the physical channels only on the secondary carrier are scaled first before the channels on the primary carrier are scaled could also be considered. However, for purposes of this contribution and the simulations that are described in the next sections, it is assumed that all the channels on both carriers are scaled equally. Throughout this document, the terms anchor carrier and primary carrier are used interchangeably and refer to the same carrier – the one that corresponds to the serving HS-DSCH cell and the one which carrier the HS-DPCCH channel.
4
Link Simulation Settings and Results
The simulation settings used for the link analysis are shown in Table 1.
	Parameter
	Value

	TTI
	2ms

	Number of H-ARQ Processes
	8

	Target Number of Transmissions
	4

	E-DPCCH C/P (dB)
	0dB for 2ms TTI

	HS-DPCCH C/P (dB)
	CQI   1 in 4 TTI: 0dB
ACK 2dB: 0.1 Prob
Sent only on the Primary Carrier

	Target Residual BLER
	1%

	Number of Rx Antennas
	2

	TBS
	[1252 5178]

	T/P (dB)
	[10 15]

	T/P_min (dB)
	5,  8.94

	DPCCH Slot Format
	8 Pilot, 2 TPC

	Receiver Type
	Rake Receiver

	ILPC
	On with max transmit power limit

	OLPC
	ON

	SetPoint Limits (dB)
	UpperLimit = -16dB; LowerLimit = -25dB

	Channels
	Independent, PA3


Performance Criteria

The path loss is abstracted out and the Maximum Effective UE Transmit Power is given by:

maxEffectiveUETransmitPower = maxUETransmitPower(for eg. 24dBm) – PathLoss – Noise
The metric used to compare different schemes is given by:

Min (MaxEffectiveUETransmitPower) such that a target BLER 1% can be maintained on each carrier.

Additionally, the control channel performance is evaluated when the above schemes are implemented. This is evaluated by comparing the CDF of the Ecp/Nt of the primary carrier since the HS-DPCCH is transmitted only on the primary carrier. Since the (C/P)hs of the HS-DPCCH channel used remains the some in both schemes, a comparison of the Ecp/Nt CDF is a direct indication of the performance of the HS-DPCCH channel.
Since the residual BLER increases as the max transmit power restrictions become severe, the set point increases steadily. To allow for the carriers to recover from deep fades of the channel, the set point is upper bounded to -16dB. This has the effect of freezing the setpoint when the UE is excessively headroom limited. For the link simulation results presented in this section, control channel (E-DPCCH) decoding is assumed to be ideal. 

The Sequential and Parallel scaling algorithms mentioned in the previous section are simulated for the following cases:

· Equal packet sizes on each carrier

· Un-equal packet sizes on each carrier

Note that if Sequential scaling is employed and both carriers have the same packet-sizes (and thus the same rate), the preferred carrier is the one with the lower DPCCH power. Lower DPCCH power in this case also implies lower total power since both carriers have the T2Ps.
Equal Packet Sizes
Figures 1 and 2 shows the performance on the primary and secondary carriers respectively, of parallel and sequential scaling algorithms for packet sizes of 1252 on both carriers and different (T/P)min settings on each carrier. The (T/P)min settings are as follows
· (T/P)min = 8.9dB on Anchor and 8.9dB on Secondary

· (T/P)min = 8.9dB on Anchor and -300dB on Secondary
· (T/P)min = -300dB on Anchor and 8.9dB on Secondary
(T/P)min = -300dB corresponds to setting ed,k,min = 0. Figures 17 and 18 in Annex 2 show the performance comparison on the anchor and secondary carriers for parallel and sequential scaling algorithms for (T/P)min settings of 5dB and -300dB. The results obtained are similar to the ones seen in Figures 1 and 2.

Coverage Performance
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Figure 1: Comparison of performance on the Anchor/Primary carrier; Equal Packet Sizes; Parallel and Sequential Scaling; T/Pmin= 8.9dB, -300dB; PA3
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Figure 2: Comparison of performance on the Secondary carrier; Equal Packet Sizes; Parallel and Sequential Scaling; T/Pmin= 8.9dB, -300dB; PA3
Observations
From Figures 1 and 2 (and Figures 17 and 18 in Annex 2) we can make the following observations for equal packet sizes on both carriers:

· There is no appreciable difference in performance between the sequential and parallel scaling schemes in terms of coverage on the anchor and secondary carriers.

· The setting of T/Pmin impacts coverage on the primary and secondary carriers significantly

· Setting T/Pmin = 0 on the secondary carrier improves performance on the primary carrier and vice versa.

· Although the coverage (and by extension – throughput) on the anchor carrier is affected by the setting of a low T/Pmin, the coverage on the secondary carrier improves by the same amount. Therefore, we conclude that setting different T/Pmin’s on the anchor and secondary carriers do not affect combined throughputs.
HS-DPCCH Performance
Figures 3 and 4 show the CDF of the Ecp/Nt on the primary carrier for parallel and sequential scaling algorithms respectively. Different settings of T/Pmin are shown in each figure. The performance of HS-DPCCH decoding is directly proportional to the Ecp/Nt since the C/Phs is a constant parameter for all packet sizes. Since HS-DPCCH is transmitted only on the anchor carrier, the CDF of Ecp/Nt only on the primary carrier is shown in both figures.
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Figure 3: CDF of Ecp/Nt (dB) on the Anchor/Primary carrier; 
Equal Packet Sizes; Parallel Scaling; T/Pmin= 5dB, -300dB; PA3
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Figure 4: CDF of Ecp/Nt (dB) on the Anchor/Primary carrier; 

Equal Packet Sizes; Sequential Scaling; T/Pmin= 5dB, -300dB; PA3
Observations

We see from Figures 3 and 4 that setting a low T/Pmin on the primary carrier results in higher Ecp/Nt values which corresponds to better HS-DPCCH performance. This is due to the fact that the T/P on the primary carrier can be reduced more than that of the secondary which means that equal power scaling on the primary carrier can be avoided to a larger extent. Since equal power scaling reduces the pilot as well as the control and data channels, avoiding equal power scaling has the benefit of maintaining the pilot levels longer.
Additionally, a low T/Pmin on the primary carrier implies that traffic decoding is affected on the primary carrier as seen in Figures 1 and 2. Consequently, the set point on the primary carrier is higher than that of the secondary carrier leading to higher transmit pilot levels on the primary carrier. Due to these reasons, the performance of the control channel is enhanced when a low T/Pmin is configured on the primary carrier whereas the combined throughput remains unaffected (as seen above). 
Un-equal Packet Sizes
In this simulation, packet sizes of 5178 and 1232 are transmitted on the anchor and secondary carriers respectively. The results for the two carriers would be interchanged if their packet-sizes were interchanged. The T/Pmin settings are 8.9 and -300 on both the carriers. Similar trends are observed for different settings of T/Pmin. Sequential and parallel scaling algorithms as described in Section 3 are simulated. Figures 5 and 6 show the performance comparison between parallel and sequential scaling algorithms where the preferred carrier in the sequential scaling procedure is the one with the lower DPCCH power. 
Coverage Performance
Figures 19 and 20 in Annex 2 show the performance where the preferred carrier in the sequential scaling procedure is the carrier which has the higher rate transmissions. 
Figures 21 and 22 in Annex 2 show the performance where the preferred carrier in the sequential scaling procedure is the carrier with the lower total power including pilot, control and data channels. Note that in this case, since the anchor carrier has the higher packet size, the power level is naturally higher due to higher T/P’s and the HS-DPCCH channel. Therefore, in order to not handicap the anchor carrier, additional interference is introduced into the secondary carrier. The additional interference introduced is such that both carriers as a result have the same average transmit powers when there is no max power constraint. This is to ensure that power differentials occur purely due to channel variations. The additional interference can be considered to represent loading on the secondary carrier which would consequently result in a smaller TBS selection for the secondary carrier by the E-TFC selection algorithm.
Similar trends are observed in all the cases simulated.
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Figure 5: Comparison of performance on the Anchor/Primary carrier; Unequal Packet Sizes; Preferred Carrier – Lower DPCCH; Parallel and Sequential Scaling; T/Pmin=8.9dB, -300dB; PA3
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Figure 6: Comparison of performance on the Secondary carrier; Unequal Packet Sizes; Preferred Carrier – Lower DPCCH; Parallel and Sequential Scaling; T/Pmin=8.9dB, -300dB; PA3

Observations

From Figures 5 and 6 above and Figures 19-22 in Annex 2 we can make the following observations:

· Sequential scaling performs slightly better when coverage on the anchor carrier is considered. This is especially true when the T/Pmin is higher on the anchor carrier.
· While different T/Pmin settings on both carriers affect the performance on the anchor carrier to a slight extent, the impact is much greater when it comes to the secondary carrier. Setting low T/Pmin values on the secondary carrier has a deleterious effect on coverage. Note however that since the data rate on the secondary carrier is much lesser than that of the primary carrier, the combined throughputs still remains comparable for the different T/Pmin settings on both carriers.
HS-DPCCH Performance
Figures 7 and 8 show the CDF plots of Ecp/Nt measured on the primary carrier for parallel and sequential scaling algorithms respectively. The correlation between the CDF of Ecp/Nt and the performance of the HS-DPCCH performance has been explained above.
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Figure 7: CDF of Ecp/Nt (dB) on the Anchor/Primary carrier; 

Unequal Packet Sizes; Parallel Scaling; T/Pmin= 8.9dB, -300dB; PA3
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Figure 8: CDF of Ecp/Nt (dB) on the Anchor/Primary carrier; 

Unequal Packet Sizes; Sequential Scaling; T/Pmin= 8.9dB, -300dB; PA3

Observations

As in the case of equal packet sizes, we see from Figures 7 and 8 that setting a low T/Pmin on the primary carrier results in higher Ecp/Nt values which corresponds to better HS-DPCCH performance. Therefore, we propose that the T/Pmin be configured independently for each carrier.

Proposal 1: In DC-HSUPA, T/Pmin is configured independently for each uplink carrier.

5
System Simulation Settings and Results

For a complete comparison between different max power scaling algorithms, it is necessary to study their performance in the presence of dynamic rate adaption. Namely, the Node B scheduling and UE E-TFC selection algorithms must be included in the simulations. Since Node B scheduling is outside specification and the E-TFC selection algorithm for DC-HSUPA is not finalized yet, in our simulations, multiple combinations of scheduling and E-TFC selection algorithms are being examined. We have seen consistent trend in the comparison, namely, sequential scaling provides better throughput performance. 

Table 2 shows the system simulation settings that were used to generate the results. The system assumptions are similar to the ones used for evaluation of DC-HSUPA performance [4].Table 2: DC-HSUPA Basic System Level Parameters

	Parameters
	Values and comments

	Cell Layout
	Hexagonal grid, 19 Node B, 3 sectors per Node B with wrap-around

	Inter-site distance
	1732m

	Carrier Frequency
	2000 MHz

	Carrier Spacing
	5MHz (Adjacent Carriers)

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometers

	Log Normal Fading
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation : 1.0
Correlation Distance: 50m

	Antenna pattern
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                          = 70 degrees,     Am = 20 dB

	Channel Model
	PA3

Fading models for adjacent carriers:
Fading across carriers is completely uncorrelated.

	Penetration loss
	10 dB

	Maximum UE EIRP
	24 dBm

	Uplink system noise
	–103.16 dBm

	HS-DPCCH
	CQI Feedback Cycle
	1 TTI

	
	ACK [dB]
	0

	
	NACK [dB]
	0

	
	CQI [dB]
	0

	
	Pr[ACK]/Pr[NACK]
	0.5/0.5


	
	HS-DPCCH information is transmitted on both UL carriers

	βec/ βc
	15/15

	Soft Handover Parameters
	R1a (reporting range constant) = 4 dB,

R1b (reporting range constant) = 6 dB

	Thermal noise density
	-174 dBm/Hz

	Timing
	The two carriers have the same time reference and their downlinks are synchronized.

	Serving cell
	The serving cells on both carriers belong to the same sector.

	Traffic model
	Full buffer

	Number of UEs in the system
	1

	NodeB Receiver
	Rake (2 antennas per cell)

	Channel Estimation
	Realistic

	Uplink HARQ
	2ms TTI, Max # of transmission =4, termination target depends on TBS

	Closed Loop Power Control Delay
	1 slot

	E-DCH Scheduling Delays
	Period
	2ms

	
	Uplink SI delay
	6 slots

	
	DL Grant delay
	As per 25.321

	Scheduling Type
	See Note (1) below 

	E-TFC Selection Algorithm
	See Note (2) below 

	T/Pmin
	8dB on both carriers


Note (1): We have tested both the water-filling scheduler and an independent scheduler. Both schedulers react to UPH reported in SI messages. The water-filling scheduler allocates grants on both carriers in order to maximize the total throughput. The independent scheduler assumes an equal split of UE total transmit power and allocates grant on each carrier accordingly. These two schedulers cover a wide range in terms of optimality and complexity. 

Note (2): We have tested two E-TFC selection algorithms: the parallel scheme based on filling both grants to the same proportion, as proposed in [5], and the greedy-filling algorithm proposed in [6]. 
Each combination of scheduling and E-TFC selection algorithm has been simulated. We will present the detailed result for the combination of water-filling scheduling and parallel scheme in E-TFC selection in the following. The results in other combinations are very similar. 
Carrier allocation is also performed in this simulation and is based on path loss. UE’s that experience a path loss of over 127dB are relegated to single carrier mode. 
Both parallel and sequential scaling algorithms are implemented for each combination of scheduling and E-TFC selection algorithm, as described in Section 3 and the performance is compared. For the sequential scaling algorithm, the preferred carrier is the one with the lower DPCCH. 

Performance Comparison
Figure 9 compares the user throughput as a function of path loss for parallel and sequential scaling algorithms. Figure 10 shows the throughput gain of the sequential scaling algorithm as compared to the parallel scaling algorithm.
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Figure 9: Throughput vs. Path loss; Parallel and Sequential Scaling; T/Pmin=8dB; PA3
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Figure 10: Throughput Gain vs. Path loss; Parallel and Sequential Scaling; T/Pmin=8dB; PA3
Observations
It is seen from Figures 9 and 10, that the sequential scaling approach offers some throughput gains; especially at the virtual cell edge. The virtual cell edge is defined as the points where the UE is reverted to single carrier mode i.e., the secondary carrier is deactivated. The power scaling in single carrier mode is well defined in [4]. The gains at the virtual cell edge occur due to the fact that the sequential scaling algorithm attempts to maintain the requisite transmit power requirements on one carrier as much as possible whereas the parallel scaling approach affects both carriers simultaneously. As a result, gains of almost 16% are seen in some cell locations due to sequential scaling.
One thing worth mentioning is that if the path-loss based carrier allocation algorithm was not included in the simulations, larger throughput gains from sequential scaling would be observed for those users with higher path loss than the threshold (127dB). 
Transmit Power Differential

One of the concerns raised in the previous RAN WG1 meeting was the impact of sequential scaling algorithms on the transmit power differential between the two carriers [2]. Figure 11 shows the mean absolute transmit power differential as a function of the path loss. Figure 12 shows the CDF plot of the mean absolute transmit power differential for both the sequential and parallel scaling schemes.
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Figure 11: Mean Absolute Tx Power Differential vs. Path loss; Parallel and Sequential Scaling; PA3
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Figure 12: CDF of Mean Absolute Tx Power Differential; Parallel and Sequential Scaling; PA3
Observations

It is seen from Figures 11 and 12, that sequential scaling reduces the transmit power difference to a slight extent. Since the difference is perhaps not statistically significant, we can conclude that the transmit power differential for the two schemes are quite similar. 
Based on the Figures 9-12, we conclude that the sequential scaling algorithm offers gains at virtual cell edge areas. This improves user experience and also the system fairness. This trend is observed in all the combinations of the scheduling and E-TFC selection algorithm. The detailed result is not included here for the sake of space. 

Due to these reasons, we propose that the sequential scaling algorithm be specified as the maximum power scaling algorithm.

Proposal 2: When the UE in DC-HSUPA is power limited, the sequential scaling algorithm is applied where the preferred carrier is the one with the lower DPCCH power. 
6
Conclusions
Two categories of maximum power scaling algorithms were studied in this contribution: Parallel scaling and Sequential Scaling. Link and system evaluations were performed to compare the performance of the two schemes in various conditions and constraints.
The link simulation results shows sensitivity to the setting of different T/Pmin on the two uplink carriers. Specifically, a low T/Pmin on the primary carrier was shown to give better HS-DPCCH performance which lead to our first proposal.

Proposal 1: In DC-HSUPA, T/Pmin is configured independently for each uplink carrier.

We also showed through system simulation results that sequential scaling performed better than parallel scaling in terms of user throughput in some areas of the sector. Additionally, the transmit power differentials between the two carriers are not affected one way or another by the two schemes. We consider that transmit power differentials are affected by other facts that are more significant than the maximum power scaling schemes. Based on the results seen, we propose that sequential scaling be adopted as the method for maximum power scaling when the UE is headroom limited in DC-HSUPA.

Proposal 2: When the UE in DC-HSUPA is power limited, the sequential scaling algorithm is applied where the preferred carrier is the one with the lower DPCCH power. 
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Figure 13: Flowchart describing the Sequential Scaling Procedure – Part 1
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Figure 14: Flowchart describing the Sequential Scaling Procedure – Part 2
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Figure 15: Flowchart describing the Parallel Scaling Procedure – Part 2
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Figure 16: Flowchart describing the Parallel Scaling Procedure – Part 2
Annex 2
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Figure 17: Comparison of performance on the Anchor/Primary carrier; Equal Packet Sizes; Parallel and Sequential Scaling; T/Pmin= 5dB, -300dB; PA3
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Figure 18: Comparison of performance on the Secondary carrier; Equal Packet Sizes; Parallel and Sequential Scaling; T/Pmin= 5dB, -300dB; PA3
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Figure 19: Comparison of performance on the Anchor/Primary carrier; Unequal Packet Sizes; Preferred Carrier – Higher Rate; Parallel and Sequential Scaling; T/Pmin=8.9dB, -300dB; PA3
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Figure 20: Comparison of performance on the Secondary carrier; Unequal Packet Sizes; Preferred Carrier – Higher Rate; Parallel and Sequential Scaling; T/Pmin=8.9dB, -300dB; PA3
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Figure 21: Comparison of performance on the Anchor/Primary carrier; Unequal Packet Sizes; Preferred Carrier – Lower Power; Parallel and Sequential Scaling; T/Pmin=8.9dB, -300dB; PA3
[image: image22.emf]-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6

10

-3

10

-2

10

-1

10

0

Max Tx Pwr/No (dB)

BLER

 

 

Parallel-T/Pmin:Anc=8.9dB;Sec=8.9dB

Parallel-T/Pmin:Anc=8.9dB;Sec=-300dB

Parallel-T/Pmin:Anc=-300dB;Sec=8.9dB

Sequential-Lower Power-T/Pmin:Anc=8.9dB;Sec=8.9dB

Sequential-Lower Power-T/Pmin:Anc=8.9dB;Sec=-300dB

Sequential-Lower Power-T/Pmin:Anc=-300dB;Sec=8.9dB


Figure 22: Comparison of performance on the Secondary carrier; Unequal Packet Sizes; Preferred Carrier – Lower Power; Parallel and Sequential Scaling; T/Pmin=8.9dB, -300dB; PA3
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