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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 have been submitted to 3GPP [2]-[13]. In order to evaluate an efficiency of these options, a potential system performance gain due to the overhead elimination should be measured. Evidently, this gain depends on the initial level of the E-DPCCH and HS-DPCCH overhead before the optimization.

The E-DPCCH and HS-DPCCH powers are defined by the DPCCH target SIR and the E-DPCCH and HS-DPCCH gain factors relative to the DPCCH power. Therefore, initial overhead of the considered channels and efficiency of the overhead reduction methods strongly depend on the selection of these parameters.

The mentioned parameters can be selected according to the link level simulation results as the minimal values providing a reliable decoding of the control channels. This document provides the corresponding link level results and a proposal for the parameter values according to them. The results are simulated for different DPCCH target SIRs. The E-DPCCH and HS-DPCCH gain factors are taken equal to 0 dB according to the initial simulation assumptions agreed in 3GPP [14].
2 Simulation Assumptions

The simulations were done in accordance with the agreed 3GPP assumptions [14]. Realistic power control measurements, finger placement, channel estimation and control channel decoding are assumed for proper selection of the DPCCH SIR target with account for a performance of system procedures relying on the DPCCH quality. A summary of LLS assumptions is provided in Table 1.
Table 1. Link level simulation assumptions

	Parameter
	Value

	Transmission modes
	SIMO

	Physical channels
	DPCCH, E-DPCCH, E-DPDCH and HS-DPCCH

	T2TP (for boosting enabled)
	10 dB

	Boosting threshold
	1 Mbps

	E-DPCCH gain factor (for boosting disabled)
	0 dB

	HS-DPCCH gain factor
	0 dB

	E-DCH TTI [ms]
	2

	Modulation
	QPSK, 16-QAM

	TBS [bits]
	Variable: 120 – 22995 bits

	H-ARQ operating point
	10% BLER after the 1st attempt

	H-ARQ approach
	Incremental redundancy

	Number of H-ARQ processes
	8

	Maximum number of H-ARQ transmissions
	4

	Channel encoder
	3GPP Release 6 Turbo Encoder

	Turbo decoder
	Max log MAP

	Number of iterations for turbo decoder
	8

	NodeB Receiver Type
	Rake, 2 RX antennas

	DPCCH slot format
	1 (8 Pilot, 2 TPC)

	Channel estimation
	Realistic (E-DPCCH assisted)

	Power control measurements
	Realistic

	Finger placement
	Realistic

	E-DPCCH and HS-DPCCH decoding
	Realistic

	Propagation channel
	Ped A, 3 km/h,
Veh A, 3 km/h,
Veh A, 30 km/h

	Correlation of channel realizations between different antennas
	0


3 Simulation Results
This section includes throughput, CQI BLER and E-DPCCH BLER dependences as functions of RX Ec/No. The CQI BLER is considered as the only HS-DPCCH performance metric because other messages carried by HS-DPCCH have much higher reception reliability.

3.1 Ped A, 3 km/h Channel Model
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Figure 1. Throughput versus RX Ec/No dependences for different target DPCCH SIRs, the Ped A, 3 km/h channel model
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Figure 2. CQI BLER versus RX Ec/No dependences for different target DPCCH SIRs, the Ped A, 3 km/h channel model
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Figure 3. E-DPCCH BLER versus RX Ec/No dependences for different target DPCCH SIRs, the Ped A, 3 km/h channel model
3.2 Veh A, 3 km/h Channel Model
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Figure 4. Throughput versus RX Ec/No dependences for different target DPCCH SIRs, the Veh A, 3 km/h channel model
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Figure 5. CQI BLER versus RX Ec/No dependences for different target DPCCH SIRs, the Veh A, 3 km/h channel model
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Figure 6. E-DPCCH BLER versus RX Ec/No dependences for different target DPCCH SIRs, the Veh A, 3 km/h channel model
3.3 Veh A, 30 km/h Channel Model
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Figure 7. Throughput versus RX Ec/No dependences for different target DPCCH SIRs, the Veh A, 30 km/h channel model
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Figure 8. CQI BLER versus RX Ec/No dependences for different target DPCCH SIRs, the Veh A, 30 km/h channel model
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Figure 9. E-DPCCH BLER versus RX Ec/No dependences for different target DPCCH SIRs, the Veh A, 30 km/h channel model
3.4 Discussion
As it can be seen from the provided results for control channels performance, the E-DPCCH BLER dependences decrease (BLER goes down) with an increase of the RX Ec/No due to an application of the E-DPCCH boosting. For higher RX Ec/Nos, higher E-TFCs are used for the data transmission having higher E-DPCCH gain factors. 
The CQI BLER dependences are close to horizontal (i.e. do not change much with RX Ec/No changing), because they depend on the DPCCH SIR that is controlled near the target level for all RX Ec/Nos. 
For the throughput graphs, the highest throughput is provided by the DPCCH SIR level of -19 dB. The lower DPCCH target values cause degradation in the system performance. As can be seen from the provided simulation results, the level of about -19 dB provides the BLER performance of below 1% for both E-DPCCH and HS-DPCCH for all RX Ec/Nos used for the system operation. The mentioned level of 1% has practically no impact on the system performance, thus, the DPCCH SIR of -19 dB can be considered as an appropriate value for further evaluation of the E-DPCCH and HS-DPCCH overhead reduction techniques. It should be also mentioned that the performance is limited by the E-DPCCH BLER while the HS-DPCCH (CQI) BLER is below the required level of 1% even for the DPCCH target SIR of -21 dB.
The BLER results for the Ped A, 3 km/h, Veh A, 3 km/h and Veh A, 30 km/h channel models are rather close to each other, i.e. the drawn conclusions are valid for all the channel models.
4 Conclusion

The provided link level simulation results for E-DPCCH and HS-DPCCH reception reliability demonstrated that reliable decoding of the E-DPCCH channel without a negative impact on the system performance is possible for the DPCCH target SIR of -19 dB if the E-DPCCH and HS-DPCCH gain factors relative to the DPCCH power are equal to 0 dB.
Based on the provided simulation results, the following proposal can be made.

Proposal: It is proposed to assume the DPCCH SIR target of -19 dB and the E-DPCCH and HS-DPCCH gain factors of 0 dB for E-DPCCH and HS-DPCCH overhead reduction simulations.
5 References

[1] RP-122019, “Study on Further EUL Enhancements, Ericsson, ST-Ericsson, Vodafone, Nokia Siemens Networks, Huawei, HiSilicon, China Unicom, Research in Motion, Qualcomm”.
[2] R1-131499, “Consideration of E-DPCCH overhead reduction”, Huawei, HiSilicon, RAN1#72b.
[3] R1-131500, “Consideration of HS-DPCCH overhead reduction”, Huawei, HiSilicon, RAN1#72b.

[4] R1-131132, “Consideration on E-DPCCH Overhead Reduction”, ZTE, RAN1#72b.

[5] R1-132521, “Consideration on E-DPCCH overhead reduction”, NSN, RAN1#73.
[6] R1-132584, “Consideration of HS-DPCCH overhead reduction”, Huawei, HiSilicon, RAN1#73.
[7] R1-132585, “Consideration of E-DPCCH overhead reduction”, Huawei, HiSilicon, RAN1#73.
[8] R1-133629, “Evaluation of E-DPCCH Overhead Reduction”, Huawei, HiSilicon, RAN1#74.
[9] R1-133739, “Considerations on E-DPCCH Overhead Reduction”, NSN, RAN1#74.
[10] R1-133630, “Evaluation of HS-DPCCH Overhead Reduction”, Huawei, HiSilicon, RAN1#74.
[11] R1-134700, “Updated evaluation results for E-DPCCH less operation”, Huawei, HiSilicon, RAN1#74b.
[12] R1-134757, “System Level Simulation Results for E-DPCCH Overhead Reduction”, NSN, RAN1#74b.
[13] R1-134792, “Performance of E-DPCCH overhead reduction”, Qualcomm, RAN1#74b.
[14] R1-133953, “Simulation assumptions for the evaluation of E-DPCCH overhead reduction”, Huawei, HiSilicon, RAN1#74.


