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1 Introduction

Reduction of HSUPA control channels overhead was set as one of the goals in the Study Item on Further enhancements to Enhanced Uplink [1]. To address this requirement, a number of proposals has been submitted to 3GPP [2]-[6].
This document provides system-level simulation results for further investigation of two approaches to E-DPCCH overhead reduction: 

1. E-DPCCH less initial (1st) H-ARQ transmission (retransmissions include E-DPCCH);

2. E-DPCCH transmission at every TTI, with no E-TFCI bits (i.e. RM(30,3) coding is instead of RM(30,10) one) and with a decreased gain factor;

The performance of two techniques is compared against the baseline case: complete E-DPCCH transmitted every TTI for every transmission and retransmission.
The simulation assumptions and investigated statistics are in accordance with the agreed 3GPP approach [7].
2 E-DPCCH Overhead Reduction Techniques
The approach of using E-DPCCH-less transmission at the initial (1st) attempt was proposed in [2] and [6]. According to the original proposal the E-DPCCH channel is not transmitted along with the E-DPDCH if no E-DPCCH boosting of channel estimation is used and the UE is neither power nor buffer limited. The Node B is assumed to be able to decode the E-TFCI blindly relying on the knowledge of the grant value assigned to the UE. For the HARQ processes with retransmissions the E-DPCCH is present such that the Node B can be made aware that it is a retransmission. The simulation results of this paper follow this approach with the only exception of making 1st E-DPCCH-less transmission independently of the power or buffer limitations. With this respect, the results can be considered as an upper bound to the case when this condition is taken into account. The use of the E-DPCCH for the boosting is still checked and the E-DPCCH is added if the corresponding E-TFCI requires the boosting.
An alternative approach proposed and evaluated at link level in [6] is not to void the entire E-DPCCH transmission but instead eliminate the E-TFCI information which is currently carried using 7 bits. It was proposed to remove the E-TFCI information for small packets and use blind detection of E-TFCI by the Node B. The RM(30,3) coding of the E-DPCCH channel is proposed to be used in this case instead of the original RM (30,10) coding. The lower code rate improves the error protection of the E-DPCCH so that it can be sent with a lower power level to release some additional RoT budget for data channels. According to the results of [6] and the (ec/(c granularity requirements set by the specification, the simulations of this paper used (ec/(c = 12/15 (-1.94 dB) for the reduced case versus (ec/(c = 15/15 for the baseline. Those gain levels are also adopted in the agreed 3GPP simulation assumptions [7]. The reduced E-DPCCH gain is applied for all the H-ARQ retransmissions, not only the 1st one.
The baseline case for the E-DPCCH transmission consists of the transmitting the E-DPCCH on every HARQ attempt. The E-DPCCH in this case carries the TFCI, RSN and a happy bit with the RM(30,10) coding and the transmission is performed with a non-reduced (ec/(c power gain factor.
These two approaches have been evaluated and the results of the system level simulations for these cases, in comparison with the baseline, are presented below.

3 Simulation Assumptions

The simulations were done in accordance with the agreed 3GPP assumptions [7].
The simulations were performed using a typical 3GPP Macrocell deployment scenario and the multipath channel profile Ped A, 3 km/h. Table 1, Table 2 and Table 3 provide a summary of the deployment model parameters, traffic model parameters, and system level assumptions correspondingly.

Table 1. Deployment model simulation assumptions
	Parameter 
	Value

	Deployment scenario
	3GPP Macrocell

	Cell layout
	Wrap-around hexagonal grid, 

19 sites with 3 sectors per site 

	Inter-site distance 
	500 m

	Path loss and shadow fading
	3GPP, equal path loss and shadow fading for all carriers

	Node B antenna pattern
	Parabolic

	Dimension of Node B antenna model
	2D

	Node B antenna gain 
	14 dBi

	Node B antenna pattern width
	70º

	UE antenna pattern
	Omnidirectional

	UE antenna gain 
	0 dBi 

	UE power
	23 dBm 

	Node B noise figure
	3 dB

	UE noise figure
	9 dB 

	Thermal noise power 
	-174 dBm/Hz 

	Minimum distance between UT and serving cell 
	25 m 

	Carrier frequency
	2.0 GHz 

	Penetration loss
	20 dB

	Channel model profile
	Ped A, independently generated channels for all carriers

	Correlation of channel realization between the TX and RX antennas
	0

	User distribution
	Randomly and uniformly distributed over the area

	User mobility model
	Doppler spectrum

	Users speed
	3 km/h

	Interference modeling
	Explicitly modeled interference

	Maximal number of active UEs per sector 
	2, 4, 6, 8, 10


Table 2. Traffic model simulation assumptions
	Parameter
	Value

	File size distribution
	Truncated lognormal

	Mean file size
	0.125 Mbytes

	Standard deviation
	0.045 Mbytes

	Maximal file size
	0.3125 Mbytes

	Inter-burst time distribution
	Exponential

	Mean inter-burst time
	5 s

	Simulation drop length
	200 000 TTIs


Table 3. System level simulation assumptions
	Parameter 
	Value

	Transmission mode
	SIMO

	Link-to-system mapping interface
	Effective SINR based

	E-DCH TTI
	2 ms

	T2TP
	≤10 dB (depending on the E-TFC)

	Channel estimation
	Realistic

	Pilot SINR estimation
	Ideal, by an analytic formula 

	Node B receiver
	Rake (MRC)

	Number of TX antennas
	1

	Number of RX antennas
	2

	Soft handover
	Enabled

	Softer handover
	Disabled

	Inner loop power control
	On

	Outer loop power control
	On

	ILPC delay
	2 slots

	ILPC period
	1 slot

	TPC error rate
	No errors, ideal feedback

	OLPC delay
	4 TTI

	Target BLER
	10% after the 1st transmission attempt

	Maximum number of HARQ attempts
	4

	Scheduler
	Round-robin

	Target RoT
	6 dB

	Target DPCCH SINR
	-21 dB

	Max Modulation Type
	16-QAM

	E-DPCCH Boosting Data Rate Threshold
	2 Mbit/s

	Non-reduced E-DPCCH power gain factor (βec/βc)
	1

	Reduced E-DPCCH power gain factor (βec/βc)
	12/15


4 Simulation Results
4.1 Burst Rate and UE Throughput Distributions

This section provides system level simulation results for the E-DPCCH overhead reduction. The results are plotted as CDFs of the UE throughput and packet burst rate. 

4.1.1 Results for 2 UEs per Sector
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Figure 1. CDF of the burst rate for the UE density of 2 users per sector
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Figure 2. CDF of the UE throughput for the UE density of 2 users per sector

The average offered load value, according to the mean file size of 0.125 Mbytes and mean inter-burst time of 5 s is equal to 200 Kbit/s. From Figure 2 one can see that the offered load is (on average) equal to the UE throughput, therefore the system can service all the input traffic stream and the size of the wait buffer on the UE does not increase over the time.

From both Figure 1 and Figure 2 it can be seen that all E-DPCCH overhead reduction approaches do not provide any gain over the baseline case. In the case of low UE densities, the interference level does not limit the UE throughput. So, the scheduler selects high E-TFCs for the transmissions, hence, the E-DPCCH boosting is active and therefore the E-DPCCH is sent on each H-ARQ transmission with the (ec power gain equal for all the schemes.
4.1.2 Results for 4 UEs per Sector
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Figure 3. CDF of the burst rate for the UE density of 4 users per sector
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Figure 4. CDF of the UE throughput for the UE density of 4 users per sector
The results for the UEs density of 4 users per sector are close to the ones for the UEs density of 2 users per sector considered above.
4.1.3 Results for 6 UEs per Sector
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Figure 5. CDF of the burst rate for the UE density of 6 users per sector
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Figure 6. CDF of the UE throughput for the UE density of 6 users per sector
The results for the case of 6 UEs/sector are practically the same to the ones for the case of 2 and 4UEs/sector. The major part of the UEs still can provide required throughput to service the input traffic. However, some users appear that are not able to service the input traffic stream as follows from the throughput curves. That gives rise to a marginal gain of the E-DPCCH overhead reduction approaches relative to the baseline.
4.1.4 Results for 8 UEs per Sector
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Figure 7. CDF of the burst rate for the UE density of 8 users per sector
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Figure 8. CDF of the UE throughput for the UE density of 8 users per sector
With the increase of the user density, the level of the interference increases. So, the data rates (E-TFCs) in this case are lower compared to the previous case of 6 UEs/sec and a relative fraction of the E-DPCCH power in the total RX signal is higher. Hereby, both E-DPCCH overhead reduction approaches start to provide visible gains over the baseline case. The average UE throughput value in this case is lower, than the average offered load, so an essential part of the UEs (about 20%, according to Figure 7) cannot cope with the incoming traffic and operates like full buffer UEs.
4.1.5 Results for 10 UEs per Sector
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Figure 9. CDF of the burst rate for the UE density of 10 users per sector
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Figure 10. CDF of the UE throughput for the UE density of 10 users per sector
Due to a high number of active users, the level of the interference is also high. The UE throughput is below the offered load for most of the cases, so the system cannot serve the incoming traffic flow. The number of packets that have very long service times also grows compared to the case of 8UEs/sector and accounts for ~40% (according to Figure 10). This value should not be considered as the absolute one, because due to a heavily system overload, it depends on the simulation time duration. 
4.1.6 Average Burst Rate and UE Throughput
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Figure 11. Average burst rate values for different UE densities

Table 4. Average burst rate values for different UE densities

	Number of UEs per sector
	Average burst rate, kbit/s

	
	Baseline
	Modified E-DPCCH coding
	E-DPCCH less

	2
	4085
	4085
	4099

	4
	3082
	3095
	3082

	6
	1716
	1753
	1740

	8
	597.9
	616.9
	636.6

	10
	236.1
	256.7
	259.9
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Figure 12. Average UE throughput values for different UE densities

Table 5. Average UE throughput values for different UE densities
	Number of UEs per sector
	Average UE throughput, kbit/s

	
	Baseline
	Modified E-DPCCH coding
	E-DPCCH less

	2
	201.8
	202.0
	201.8

	4
	202.2
	202.3
	202.3

	6
	197.1
	197.2
	198.3

	8
	162.8
	164.9
	167.8

	10
	124.9
	127.9
	130.8


4.2 Average Values of Other Simulation Statistics
This section provides average results for other system metrics, namely: TX power, DPCCH SINR and RoT.
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Figure 13. Average TX power values for different UE densities

Table 6. Average TX power values for different UE densities
	Number of UEs per sector
	Average TX power, dBm

	
	Baseline
	Modified E-DPCCH coding
	E-DPCCH less

	2
	2.08
	2.05
	2.00

	4
	-0.72
	-0.80
	-0.80

	6
	-4.13
	-4.13
	-4.05

	8
	-7.23
	-7.24
	-7.24

	10
	-8.42
	-8.43
	-8.46


[image: image14.png]3.5

2.5

N}

1.5

-

0.5

DPCCH SINR, dB

2 4 6 8 10

m Baseline

® Modified E-DPCCH coding

M E-DPCCH less





Figure 14. Average DPCCH SINR values for different UE densities

Table 7. Average DPCCH SINR values for different UE densities
	Number of UEs per sector
	Average DPCCH SINR, dB

	
	Baseline
	Modified E-DPCCH coding
	E-DPCCH less

	2
	3.21
	3.21
	3.21

	4
	3.16
	3.17
	3.19

	6
	2.90
	2.93
	2.97

	8
	2.65
	2.66
	2.75

	10
	2.67
	2.68
	2.79
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Figure 15. Average RoT values for different UE densities

Table 8. Average RoT values for different UE densities
	Number of UEs per sector
	Average RoT, dB

	
	Baseline
	Modified E-DPCCH coding
	E-DPCCH less

	2
	1.39
	1.39
	1.39

	4
	2.66
	2.67
	2.66

	6
	4.31
	4.28
	4.27

	8
	5.63
	5.60
	5.56

	10
	5.99
	5.95
	5.93


4.3 Discussion
According to the provided results, several conclusions can be drawn. First, both evaluated E-DPCCH overhead reduction approaches do not provide gains in a case of low UEs density (2 and 4 UEs/sector). This effect is explained by the fact that the power level of the E-DPCCH is reduced only for low data rate transmission. In the corresponding scenarios with a low UEs density, the data rate is high, so the power level allocated for the E-DPCCH is equal in all the evaluated schemes because of the E-DPCCH boosting required. Second, as expected, the gain from the E-DPCCH overhead reduction grows with the increase of the users density since transmissions become more interference limited in such scenarios and data rates become lower. The gains from the E-DPCCH reduction are observable starting from the UEs density of 6 UEs/sector and reach the maximum value (up to 4.7% for the UE throughput) at the users density of 10UEs/sector. Nevertheless, the scenario with highest UE density (10 users per sector) corresponds to the case of high system overload with traffic model effectively changing from a bursty one to full buffer.

5 Conclusion

This documented presented system level simulation results for E-DPCCH overhead reduction for the cases when the E-DPCCH is completely removed from the 1st HARQ transmission and when the E-DPCCH is transmitted with the power level reduced by -1.94 dB relative the baseline case. The first approach assumes the Node B ability to decode blindly the E-TFCI used while the second one relies on using a more robust coding scheme (RM(30,3) instead of the default one RM(30,10)). 

It is demonstrated that for the densest scenario of 10 UEs/sector, application of the E-DPCCH-less transmission for the 1st H-ARQ attempt can lead to the system throughput gain of up to 4-5%, while the modified E-DPCCH coding and transmission of the E-DPCCH at the reduced power level allows to gain about 2-3% in the system throughput. Decreasing the UE density leads to reduction of the achievable gains that become below 1% of the throughput at the density of 6 UEs/sector.

Taking these results into account, it is proposed to evaluate the required modifications in the systems implementation to conclude on acceptance of the considered approaches.
Proposal: Evaluate the modifications in the systems implementation to compare versus the achievable throughput gains to conclude on acceptance of the considered approaches to E-DPCCH overhead reduction.
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