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1. Introduction

In RAN #58 meeting, the SI “Study on Further EUL Enhancements” was agreed. The objective of this study item is to identify potential technical solutions for increasing the uplink capacity, coverage and end user performance. One of the currently identified areas is UL control channel overhead reduction.

In this contribution, we illustrate possible solutions to reduce the E-DPCCH overhead, and provide simulation results.
2. Solution

Currently, E-DPCCH is always transmitted along with E-DPDCH, and it consists of E-TFCI, RSN and happy bit. Furthermore, E-DPCCH is always transmitted when E-DPDCH is transmitted and its power is specified as an offset respect to DPCCH. If the E-DPCCH transmission could be performed with a reduced power or even be totally avoided, the overall UL control channel overhead could be substantially reduced.

The following is an example, where E-DPCCH transmission could be avoided if all the following criteria are satisfied by the UE: 

1) The E-DPDCH transmission is not HARQ retransmission.
2) The UE is neither buffer limited nor power limited.
Additionally, in order to allow NodeB to distinguish E-DPCCH less transmission from no E-DCH transmission, UE could not enter E-DPCCH less mode until the first ACK for E-DCH transmission is received during a certain burst period. When the UE buffer is empty, SI=0 is triggered which informs NodeB that the UE has no data for transmission, and the UE exits the E-DPCCH less mode.
Node B could deduce the TB size of the E-DPDCH transmission according to the Serving Grant allocated to the UE.

This above operation is illustrated in Figure 1.
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Figure 1: the example of E-DPCCH less operation based on SG 
One potential obstacle for E-DPCCH less based on SG is that all the involved Node Bs including serving and non-serving Node Bs may not be aware of the actual Serving Grant in the UE in case inter-Node B soft handover scenario due to the Non-Serving RG down mechanism employed in HSUPA. One solution is to prohibit this optimization when the UE enters the inter-Node B soft handover region. As another option, some solutions which address SG synchronization among UE, serving Node B and non-serving could be investigated so as to extend this optimization further for inter-Node B soft handover scenario.
E-DPCCH boosting is introduced in UL 16QAM transmission, in which E-DPCCH gain factor is boosted to assist demodulating the E-DPDCH when large E-TFCs are selected in the scenario of relatively high data rate. Therefore E-DPCCH transmission could not be avoided in case of E-DPCCH boosting. However, considering that the gain for E-DPCCH less based on SG is expected in the scenario of relatively lower data rate and large number of users, the E-DPCCH boosting may not impact the gain for E-DPCCH less operation.
3. Simulation results
System simulation results for E-DPCCH less are presented from Table 1 to Table 5. The corresponding simulation assumptions and more simulation results can be found in the Annex. 
Table 1: Simulation results for 2 UEs per cell
	Case
	E-DPCCH Less not enabled(Baseline)
	E-DPCCH Less enabled
	Gain

	RoT(db)
	1.311
	1.317
	\

	UE Throughput (Mbps)
	0.202
	0.207
	2.6%

	Burst Rate (Mbps）
	3.211
	3.198
	-0.4%

	UE Total Tx Power(dBm)
	-3.642
	-3.726
	0.084(dB)


Table 2: Simulation results for 4 UEs per cell
	Case
	E-DPCCH Less not enabled(Baseline)
	E-DPCCH Less enabled
	Gain

	RoT(db)
	2.754
	2.686
	\

	UE Throughput (Mbps)
	0.194
	0.193
	-0.20%

	Burst Rate (Mbps）
	2.125
	2.147
	1.04%

	UE Total Tx Power(dBm)
	-3.009
	-3.238
	0.229(dB)


Table 3: Simulation results for 6 UEs per cell
	Case
	E-DPCCH Less not enabled(Baseline)
	E-DPCCH Less enabled
	Gain

	RoT(db)
	4.386
	4.127
	\

	UE Throughput (Mbps)
	0.176
	0.168
	4.23%

	Burst Rate (Mbps）
	1.087
	1.172
	7.88%

	UE Total Tx Power(dBm)
	-2.486
	-2.666
	0.18(dB)


Table 4: Simulation results for 8 UEs per cell
	Case
	E-DPCCH Less not enabled(Baseline)
	E-DPCCH Less enabled
	Gain

	RoT(db)
	5.594
	5.315
	\

	UE Throughput (Mbps)
	0.136
	0.143
	4.72%

	Burst Rate (Mbps）
	0.452
	0.570
	26.17%

	UE Total Tx Power(dBm)
	-2.329
	-2.722
	0.393(dB)


Table 5: Simulation results for 10 UEs per cell
	Case
	E-DPCCH Less not enabled(Baseline)
	E-DPCCH Less enabled
	Gain

	RoT(db)
	6.26
	6.026
	\

	UE Throughput (Mbps)
	0.102
	0.116
	13.86%

	Burst Rate (Mbps）
	0.218
	0.285
	30.48%

	UE Total Tx Power(dBm)
	-2.555
	-2.846
	0.291(dB)


Table 6: Gain results for 2,4,6,8,10 UEs per cell
	UEs per cell
	UE Throughput (%)
	Burst Rate (%)
	UE Total Tx Power (dB)

	2
	2.6
	-0.4
	0.084

	4
	-0.2
	1.04
	0.229

	6
	4.23
	7.88
	0.18

	8
	4.72
	26.17
	0.393

	10
	13.86
	30.48
	0.291


From the simulation results, it can be seen there is 2.6%~ 13.68% gain in UE throughput when the E-DPCCH less operation is enabled. It also can be seen that there is 1.04%~ 30.48% gain in UE burst rate when the number of UE is4,  6, 8 and 10. The gain of burst rate is mainly because more power can be allocated to E-DPDCH transmission due to the E-DPCCH transmission decrease. However, when the number of UE is 2, the UE burst rate gain is -0.4%. The reason may be that boosting is used when number of UE is small, which means E-DPCCH less is not used in this scenario. 

As the average RoT is close to RoT target, the simulated scenario can be seen as high load scenario where the increase of UE burst rate can be translated into sector throughput gain. 
4. Specification impact

In the current specification, the E-TFC selection procedure is performed in MAC, and the selected E-TFCI is transferred to PHY for the calculation of transmission power for E-DPCCH and E-DPDCH. To introduce E-DPCCH less operation, the expected changes for specification could be summarized as follows:
1) Define the procedure of E-DPCCH less mode, including the starting and stopping conditions. During the procedure the UE shall evaluate whether to transmit E-DPCCH based on defined rules per TTI having E-DPDCH transmission in TS 25.321. For example, the procedure of E-DPCCH less mode is started when the first E-DPDCH/EDPCCH transmission during burst duration is detected and confirmed by the Node B and the procedure of E-DPCCH less mode is ended when SI with empty buffer status is reported. 
2) Define the rules for the UE to evaluate whether the E-DPCCH could be avoided during the procedure of E-DPCCH less mode in TS 25.321(such as the UE is not in power/buffer limited or re-transmission or E-DPCCH boosting).
3) Trigger the indication to PHY in case that E-DPCCH could be avoided based on defined rules when indicating the selected E-TFCI to PHY.
5. Conclusion

The contribution lists basic solutions of the E-DPCCH less based SG and the impact on specifications, and provides the gains on throughput, burst rate by the system simulation results for the E-DPCCH less based SG. From the simulation results it can be observed that the gain of the sector throughput is about 13% and the gain of burst rate is about 30% when E-DPCCH less is enabled.
Annex A.1: simulation assumptions
Table 6: System Simulation Parameters for E-DPCCH evaluation

	Parameters
	Values and comments

	Cell Layout
	21 cell hexagonal (7 NodeB, 3 sectors per Node B with wrap-around)
57 cell hexagonal (optional)

	Inter-site distance
	500 m

	Carrier Frequency
	2000 MHz

	Carrier bandwidth
	5MHz 

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

	Log Normal Fading


	Mean= 0

Standard Deviation: 8dB 

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0

Correlation Distance: 50m 

	Antenna pattern
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LPN: 2D Antenna, Omni-directional

	Channel Model
	PA3, 

	Penetration loss
	20dB

	Maximum UE EIRP
	24dBm

	Maximum Tx Power of BS
	43dBm

	Max BS Antenna Gain
	14dBi

	Max UE Antenna Gain
	0dBi

	NodeB Noise Figure
	3 dB

	UE Noise Figure
	9 dB

	Thermal noise density
	-174dBm/Hz

	Number of HARQ processes
	8

	NodeB Receiver
	Rake

	UE Receiver
	Lmmse

	Soft Handover Parameters
	R1a (reporting range constant) = 3dB

R1b (reporting range constant) = 6dB

	Max active set size
	3

	Power control
	UL: 10% BLER after the initial transmission

	Target RoT
	6dB

	Traffic Model
	Burst, full buffer (optional)

	Number of UEs per cell
	2, 4, 6, 8, 10

	E-DPCCH gain factor(ec)
	0 dB, -1.94dB for the case of RM(30,3) coding

	E-DPDCH rate threshold for applying E-DPCCH boosting
	1 Mbps


Table 7: Traffic model for E-DPCCH evaluation 

	
	Component
	Distribution
	Parameters
	PDF

	UL traffic model
	File size (S)
	Truncated Lognormal
	Mean = 0.125 Mbytes

Std. Dev. = 0.045 Mbytes

Maximum = 0.3125 Mbytes
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	Inter-burst time 
	Exponential
	Mean = 5 sec
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Performance metrics:
· UE Throughput CDF
· Burst rate CDF
· RoT, UE throughput, burst rate and UE total TX power (with and without E-DPCCH transmission)

· DPCCH SIR
Annex A.2: simulation results
A.2.1: 2 UEs per cell
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Figure 2: UE Throughput CDF
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Figure 3: RoT CDF
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Figure 4: UE Tx Power CDF
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Figure 5: Burst Rate（Mbps）
A.2.2: 4 UEs per cell
[image: image6.png]CDF

09

08

07

06

05

04

03

02

01

,,,,, —+— E-DPCCH Less not Enable
—+— E-DPCCH Less Enable

005 01 015 02
Ue Throughput(Mbps)





Figure 6: UE Throughput CDF
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Figure 7: RoT CDF
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Figure 8: UE Tx Power CDF
[image: image9.png]CDF

09

08

07

06

05

04

03

02

01

[ ——E-DPCCH Less nat Enable |...
—+— E-DPCCH Less Enable

05 1 15 FE ERES 4
Burst Rate(Mbps)




Figure 9: Burst Rate（Mbps）
A.2.3: 6 UEs per cell
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Figure 10: UE Throughput CDF
[image: image11.png]CODF

[ —— E-DPCCH Less not Enable | |

—+— E-DPCCH Less Enable





Figure 11: RoT CDF
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Figure 12: UE Tx Power CDF
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Figure 13: Burst Rate（Mbps）
A.2.4: 8 UEs per cell
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Figure 14: UE Throughput CDF
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Figure 15: RoT CDF
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Figure 16: UE Tx Power CDF
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Figure 17: Burst Rate（Mbps）
A.2.5: 10 UEs per cell
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Figure 18: UE Throughput CDF
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Figure 19: RoT CDF
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Figure 20: UE Tx Power CDF
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Figure 21: Burst Rate（Mbps）
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