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1. Introduction

Introduction of 8PAM for HSUPA requires higher post-receiver E-DPDCH SINR values of up to approximately 20 dB that is about 5 dB higher than the maximum post-receiver SINR needed for the 4PAM operation. The indicated SINR values assume the operation at 10% BLER level after the 1-st H-ARQ transmission. Hence, an increase of the maximum absolute E-DPDCH power (defined by βed) by at least 5 dB should be supported in the system. This can be accomplished by either increasing the maximum E-DPDCH gain factors (βed/βc ratios), which would trigger corresponding changes in the specifications, or by increasing the baseline DPCCH pilot level (defined by βc) by changing the DPCCH SIR target (that is used as a starting point for βc definition) that is an implementation parameter.
The first approach of increasing the maximum βed/βc ratios may be preferable from the point of view that less power is spent on the DPCCH transmission and more power can be allocated to data channels, or, for a constant (T2TP, to the E-DPCCH. However, since the power of the E-DPDCH and E-DPCCH channels is significantly above the DPCCH power, the gain can be only marginal. Even more importantly, the quality of the DPCCH reception is a crucial factor of the system performance since the DPCCH is used to get the initial channel estimate that is further applied for E-DPCCH decoding. Too low DPCCH power will lead to poor E-DPCCH performance and inability to correctly decode the E-DPDCH channel. As the intersymbol and interstream interference is dominant for high RX Ec/No operation, the quality of the DPCCH-based channel estimation will be degrading for constant DPCCH power if RX Ec/No is increased.
Initial results of a study on the impact of the DPCCH SIR target on the system performance have been presented in [2]. According to those results, a proposal has been made that higher power of the data channels for 8PAM is only by increasing the DPCCH SIR target [3].
This document presents results of a simulation study that accounted for realistic channel estimation using DPCCH only, then realistic E-DPCCH decoding, improvement (boosting) of the channel estimate with the help of the E-DPCCH, and final E-DPDCH decoding. The used methodology allows directly evaluating the impact of the DPCCH power level on system performance. Hence, conclusions on the DPCCH SIR targets required by a practical 8PAM system and, correspondingly, the need for an extension of the βed/βc range can be drawn.
2. Simulation Methodology and Assumptions

2.1. E-TFC Set Design

The E-TFC set used for simulations includes transport block sizes from 120 bits till 32832 bits and supports QPSK, 16-QAM and 64-QAM modulation types. The βed/βc ratio is chosen for each E-TFC from the set before simulation as a fixed value. 
A set of beta-factors is designed according to the values of post-receiver SINR for the E-DPDCH channel required to achieve the target 10% BLER after the first H-ARQ transmission attempt. Such SINR value is specific for each E-TFC. The values of βed/βc are calculated in order to provide the required E-DPDCH post-receiver SINR for all E-TFCs if DPCCH post-receiver SINR is fixed to some specified value which is an implementation parameter (an input parameter for the simulation results below). The βed/βc ratio is calculated for each E-TFC according to the following formula:
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where SINRE-DPDCH is an E-DPDCH SINR providing the target 10% BLER for a considered E-TFC and in a considered channel model, SIRDPCCH is a DPCCH target SIR, SFE-DPDCH is E-DPDCH spreading factor (2 or 4 for 2xSF2+2xSF4 scheme) and SFDPCCH is DPCCH spreading factor equal to 256.

The maximum value of SINRE-DPDCH corresponding to the maximum TBS of 32832 bits was found by simulations to be equal to 20 dB.

2.2. Simulation Methodology

In order to take into account the impact of E-DPCCH errors on system performance, E-DPCCH channel reception is modeled realistically before reception and decoding of the E-DPDCH channel. E-DPCCH reception is based on a non-boosted channel estimate derived using only the DPCCH pilot. Then, if E-DPCCH decoding fails, E-DPDCH decoding is assumed to fail as well. And if E-DPCCH decoding succeeds, E-DPDCH reception is modeled based on a boosted channel estimate derived from a combination of the DPCCH and E-DPCCH channels.
Two types of channel estimation algorithms are considered: a legacy correlation-based algorithm and a more advanced LMMSE-based algorithm. For each case, the same channel estimation algorithm is applied for both E-DPCCH reception and E-DPDCH reception.
2.3. Simulation Assumptions

A list of simulation assumptions is provided in the table below.

Table 1. Simulations assumptions

	Parameter
	Value

	Simulation approach
	Rate adaptation for both spatial streams

	RX Ec/No target
	10 dB – 25 dB

	Transmission mode
	SIMO

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

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

	E-DCH TTI
	2 ms

	Modulation
	QPSK, 16QAM, 64QAM 

	TBS
	Variable: 120 – 32832 bits 

	Number of physical data channels and spreading factor
	2xSF2+2xSF4

	H-ARQ operating point
	10% BLER after 1 attempt

	Channel encoder
	3GPP Release 6 Turbo Encoder

	Turbo decoder
	Max Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH slot format
	1 (8 Pilot, 2 TPC)

	Channel estimation
	LMMSE-based realistic and correlation-based realistic, 3 slot filtering with sliding window

	Inner loop power control
	On

	Outer loop power control
	On

	Scheduler delay
	2 TTIs

	Delay for marginal loop assisting secondary stream E-TFC selection
	2 TTIs

	Propagation Channel
	PA3, VA3

	Correlation of channel realizations between TX and RX antennas
	0

	Number of RX antennas
	2

	NodeB Receiver Type
	LMMSE

	TPC feedback error rate
	0%

	TPC feedback delay
	2 slots

	TPC period
	1 slot


3. Simulation Results

Link level simulations were performed to analyze the impact of DPCCH power (depending from the DPCCH target SIR) on system throughput. Simulation results are provided in the current section.

3.1. LMMSE-based Channel Estimation
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Figure 1. Throughput as a function of DPCCH target post-receiver SIR for different target RX Ec/No values for the LMMSE-based channel estimation and the Ped A 3 km/h channel model

Table 2. Throughput, E-DPDCH BLER and E-DPCCH BLER for different DPCCH target post-receiver SIR values for RX Ec/No of 25 dB, the LMMSE-based channel estimation and the Ped A 3 km/h channel model

	LMMSE, PA3
	RX Ec/No = 25 dB

	DPCCH target SIR
	Throughput
	E-DPDCH BLER
	E-DPCCH BLER

	-6
	3074
	0.1
	0.10

	-5
	3466
	0.1
	0.10

	-4
	3851
	0.1
	0.10

	-3
	4343
	0.1
	0.10

	-2
	4746
	0.1
	0.10

	-1
	5328
	0.1
	0.10

	0
	5922
	0.1
	0.10

	1
	6636
	0.1
	0.09

	2
	7205
	0.1
	0.10

	3
	7841
	0.1
	0.10

	4
	8634
	0.1
	0.09

	5
	9281
	0.1
	0.09

	6
	10303
	0.1
	0.09

	7
	10698
	0.1
	0.08

	8
	11562
	0.1
	0.08

	9
	12170
	0.1
	0.07

	10
	12550
	0.1
	0.06

	11
	12917
	0.1
	0.04

	12
	12989
	0.1
	0.03


The simulation results for the Ped A, 3 km/h channel model and the LMMSE-based channel estimation approach demonstrate that throughput is practically constant for DPCCH target SIR values above 11-12 dB and significantly decreases with DPCCH target SIR falling below 11-12 dB.
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Figure 2. Throughput as a function of DPCCH target post-receiver SIR for different target RX Ec/No values for the LMMSE-based channel estimation and the Veh A 3 km/h channel model
Table 3. Throughput, E-DPDCH BLER and E-DPCCH BLER for different DPCCH target post-receiver SIR values for RX Ec/No of 25 dB, the LMMSE-based channel estimation and the Veh A 3 km/h channel model

	LMMSE, VA3
	RX Ec/No = 25 dB

	DPCCH target SIR
	Throughput
	E-DPDCH BLER
	E-DPCCH BLER

	-6
	2544
	0.1
	0.10

	-5
	3025
	0.1
	0.10

	-4
	3360
	0.1
	0.10

	-3
	3800
	0.1
	0.10

	-2
	4176
	0.1
	0.10

	-1
	4737
	0.1
	0.10

	0
	5187
	0.1
	0.10

	1
	5751
	0.1
	0.10

	2
	6310
	0.1
	0.10

	3
	6977
	0.1
	0.10

	4
	7783
	0.1
	0.09

	5
	8380
	0.1
	0.09

	6
	9238
	0.1
	0.09

	7
	10006
	0.1
	0.09

	8
	10746
	0.1
	0.08

	9
	11334
	0.1
	0.08

	10
	11872
	0.1
	0.06

	11
	12252
	0.1
	0.05

	12
	12455
	0.1
	0.04


The simulation results for the Veh A, 3 km/h channel model and the LMMSE-based channel estimation approach demonstrate similar behavior as the results for the Ped A, 3 km/h channel model. But in the Veh A, 3 km/h channel the DPCCH target SIR required for normal system operation is higher and equal to approximately 13-14 dB. That is outside of the scope of the presented graphs with the maximum SIR value of 12 dB. However, the curves can be seen to continue to grow with the DPCCH SIR increase.
3.2. Correlation-based Channel Estimation
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Figure 3. Throughput as a function of DPCCH target post-receiver SIR for different target RX Ec/No values for the correlation-based channel estimation and the Ped A 3 km/h channel model
Table 4. Throughput, E-DPDCH BLER and E-DPCCH BLER for different DPCCH target post-receiver SIR values for RX Ec/No of 25 dB, the correlation-based channel estimation and the Ped A 3 km/h channel model

	Correlation-based, PA3
	RX Ec/No = 25 dB

	DPCCH target SIR
	Throughput
	E-DPDCH BLER
	E-DPCCH BLER

	-6
	3482
	0.1
	0.10

	-5
	3814
	0.1
	0.10

	-4
	4256
	0.1
	0.10

	-3
	4710
	0.1
	0.10

	-2
	5162
	0.1
	0.09

	-1
	5880
	0.1
	0.09

	0
	6346
	0.1
	0.09

	1
	6646
	0.1
	0.09

	2
	7311
	0.1
	0.08

	3
	7906
	0.1
	0.07

	4
	8346
	0.1
	0.06

	5
	8610
	0.1
	0.05

	6
	8781
	0.1
	0.04

	7
	8965
	0.1
	0.03

	8
	9230
	0.1
	0.02

	9
	9464
	0.1
	0.01

	10
	9361
	0.1
	0.01

	11
	9412
	0.1
	0.01

	12
	9190
	0.1
	0.00


 [image: image5.emf]-6 -4 -2 0 2 4 6 8 10 12

2000

3000

4000

5000

6000

7000

8000

9000

Post Receiver SIR Target, dB

Throughput, Kbps

VA3, 64QAM, correlation-based channel estimation

 

 

RX Ec/No = 10 dB

RX Ec/No = 15 dB

RX Ec/No = 20 dB

RX Ec/No = 25 dB


Figure 4. Throughput as a function of DPCCH target post-receiver SIR for different target RX Ec/No values for the correlation-based channel estimation and the Veh A 3 km/h channel model
Table 5. Throughput, E-DPDCH BLER and E-DPCCH BLER for different DPCCH target post-receiver SIR values for RX Ec/No of 25 dB, the correlation-based channel estimation and the Veh A 3 km/h channel model

	Correlation-based, VA3
	RX Ec/No = 25 dB

	DPCCH target SIR
	Throughput
	E-DPDCH BLER
	E-DPCCH BLER

	-6
	2757
	0.1
	0.10

	-5
	3171
	0.1
	0.10

	-4
	3520
	0.1
	0.10

	-3
	4112
	0.1
	0.10

	-2
	4511
	0.1
	0.10

	-1
	5062
	0.1
	0.09

	0
	5580
	0.1
	0.09

	1
	5994
	0.1
	0.09

	2
	6413
	0.1
	0.08

	3
	6799
	0.1
	0.07

	4
	7098
	0.1
	0.06

	5
	7429
	0.1
	0.04

	6
	7636
	0.1
	0.03

	7
	7759
	0.1
	0.02

	8
	7916
	0.1
	0.01

	9
	8022
	0.1
	0.01

	10
	8033
	0.1
	0.00

	11
	8020
	0.1
	0.00

	12
	8093
	0.1
	0.00


The simulation results for the correlation-based channel estimation approach for both Ped A, 3 km/h and Veh A, 3 km/h channel models demonstrate that system turns to the state of normal operation at lower DPCCH target SIR values starting from approximately 10 dB. Such results may be explained by generally lower system throughput for this channel estimation approach where lower E-TFCs are basically used.

3.3. Discussion of Simulation Results

As follows from the E-TFC set design assumptions, described in Section 2.1, taking into account that E-DPDCH SINR of approximately 20 dB is required for the maximum E-TFC, the existing E-DPDCH gain factors range of up to 377/15 is enough to support the maximum E-TFC operation if DPCCH target post-receiver SIR is not lower than 13 dB (see the formula in Section 2.1). But on the other hand, the simulation results demonstrate that the LMMSE-based channel estimation approach requires DPCCH target SIR to be not lower than 13-14 dB for normal operation (not causing an additional degradation in data throughput due to E-DPCCH decoding errors) for high RX Ec/Nos (20-25 dB). For lower DPCCH target SIR values, the increase of interference from the E-DPDCH and E-DPCCH channels to the DPCCH channel leads to the DPCCH-based channel estimate accuracy degradation. Then, the mentioned channel estimation accuracy loss leads to increasing E-DPCCH BLER and, consequently, E-DPDCH BLER, which finally leads to the increasing of the target SIR by the OLPC loop and the throughput loss.

Additionally, it should be mentioned that the simulation assumptions do not take into account some system procedures related to the DPCCH channel, such as timing synchronization which have to provide also high accuracy of operation for high RX Ec/Nos. Hence, the minimum practically viable DPCCH target SIR values are expected to be even higher than 13-14 dB.
Taking the considerations into account, it is proposed to keep the current maximum E-DPDCH gain factors (βed/βc ratios) unchanged. The additional increase of the E-DPDPCH absolute power level should only achieved through the DPCCH power increase.

4. Proposed Modification of E-DPDCH Gain Factors Tables

As the maximum E-DPDCH gain factors (βed/βc ratios) are proposed to be kept unchanged, the only changes of the E-DPDCH gain factor tables in TS 25.213 [1] should include indication of the 8PAM modulation applicability.

It is assumed that 8PAM, as a high rate technique, is only applicable for the boosted transmission. Hence, tables 1.B1and 1.B2 from [1] for the non-boosted case should be kept unchanged (i.e. 8PAM should not be used with the non-boosted transmission).

For the gain factors of the boosted case, tables 1B.2A and 1B.2B define the quantization levels for E-DPDCH and ed,k/c. The 8PAM modulation is proposed to be applicable for all cases when 4PAM is also applicable. 

The proposed updated table 1B.2A for 3GPP TS 25.213 [1] is shown below.
Table 6. Proposed table 1B.2A for 3GPP TS 25.213 [1]
	Signalled values for  E-DPDCH
	Quantized amplitude ratios 

 Aed =ed/c
	E-DPDCH modulation schemes which may be used in the same subframe

	31
	377/15
	4PAM, 8PAM (applicable only for SF2 code in a 2xSF2+2xSF4 configuration)

	30
	336/15
	4PAM, 8PAM (applicable only for SF2 code in a 2xSF2+2xSF4 configuration)

	29
	299/15
	4PAM, 8PAM

	28
	267/15
	BPSK (applicable only for SF2 code in a 2xSF2+2xSF4 configuration), 4PAM, 8PAM

	27
	237/15
	BPSK (applicable only for SF2 code in a 2xSF2+2xSF4 configuration), 4PAM, 8PAM

	26
	212/15
	BPSK, 4PAM, 8PAM

	25
	189/15
	BPSK, 4PAM, 8PAM

	24
	168/15
	BPSK, 4PAM, 8PAM

	23
	150/15
	BPSK, 4PAM, 8PAM

	22
	134/15
	BPSK, 4PAM, 8PAM

	21
	119/15
	BPSK, 4PAM, 8PAM

	20
	106/15
	BPSK, 4PAM, 8PAM

	19
	95/15
	BPSK, 4PAM, 8PAM

	18
	84/15
	BPSK, 4PAM, 8PAM

	17
	75/15
	BPSK, 4PAM, 8PAM

	16
	67/15
	BPSK, 4PAM, 8PAM

	15
	60/15
	BPSK, 4PAM, 8PAM

	14
	53/15
	BPSK, 4PAM, 8PAM

	13
	47/15
	BPSK, 4PAM, 8PAM

	12
	42/15
	BPSK, 4PAM, 8PAM

	11
	38/15
	BPSK

	10
	34/15
	BPSK

	9
	30/15
	BPSK

	8
	27/15
	BPSK

	7
	24/15
	BPSK

	6
	21/15
	BPSK

	5
	19/15
	BPSK

	4
	17/15
	BPSK

	3
	15/15
	BPSK

	2
	13/15
	BPSK

	1
	11/15
	BPSK

	0
	8/15
	BPSK


The proposed updated table 1B.2B for 3GPP TS 25.213 [1] is shown next.
Table 7. Proposed table 1B.2B for 3GPP TS 25.213 [1]
	Quantized amplitude ratios 
ed,k/c
	E-DPDCH modulation schemes which may be used in the same subframe

	377/15
	4PAM, 8PAM (applicable only for SF2 code in a 2xSF2+2xSF4 configuration)

	336/15
	4PAM, 8PAM (applicable only for SF2 code in a 2xSF2+2xSF4 configuration)

	299/15
	4PAM, 8PAM

	267/15
	BPSK (applicable only for SF2 code in a 2xSF2+2xSF4 configuration), 4PAM, 8PAM

	237/15
	BPSK (applicable only for SF2 code in a 2xSF2+2xSF4 configuration), 4PAM, 8PAM

	212/15
	BPSK, 4PAM, 8PAM

	189/15
	BPSK, 4PAM, 8PAM

	168/15
	BPSK, 4PAM, 8PAM

	150/15
	BPSK, 4PAM, 8PAM

	134/15
	BPSK, 4PAM, 8PAM

	119/15
	BPSK, 4PAM, 8PAM

	106/15
	BPSK, 4PAM, 8PAM

	95/15
	BPSK, 4PAM, 8PAM

	84/15
	BPSK, 4PAM, 8PAM

	75/15
	BPSK, 4PAM, 8PAM

	67/15
	BPSK, 4PAM, 8PAM

	60/15
	BPSK, 4PAM, 8PAM

	53/15
	BPSK, 4PAM, 8PAM

	47/15
	BPSK, 4PAM, 8PAM

	42/15
	BPSK, 4PAM, 8PAM

	38/15
	BPSK

	34/15
	BPSK

	30/15
	BPSK

	27/15
	BPSK

	24/15
	BPSK

	21/15
	BPSK

	19/15
	BPSK

	17/15
	BPSK

	15/15
	BPSK

	13/15
	BPSK

	11/15
	BPSK

	8/15
	BPSK


5. Conclusion

This contribution discusses that 8PAM HSUPA systems should support higher absolute E-DPDCH power levels relative to the legacy 4PAM configuration in order to efficiently utilize the 8PAM capacity. Two approaches to increase the absolute E-DPDCH power level are either to introduce larger E-DPDCH gain factors (βed/βc ratios) or to use higher DPCCH power level by setting an increased DPCCH SIR target. It is demonstrated by simulations that no larger E-DPDCH gain factors (βed/βc ratios) should be supported than currently available as otherwise the system performance becomes limited by the E-DPCCH decoding characteristics. The E-DPCCH performance degradation for low DPCCH power appears when the DPCCH becomes distorted by inter-stream and inter-symbol interference and the DPCCH-based channel estimation is not accurate enough to decode the E-DPCCH.

Hence, the only changes of the E-DPDCH gain factor tables in TS 25.213 [1] should include indication of the 8PAM modulation applicability. 8PAM was proposed to be applicable to the non-boosted transmission mode only for all cases where 4PAM is applicable. New E-DPDCH and ed,k/c quantization tables are presented.
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