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1. Introduction

The UL MIMO and 8PAM transmission modes that are being introduced for HSUPA require higher post-receiver SINR for their operation relative to the legacy modes (SIMO/CLTD and 4PAM). The necessity for higher post-receiver SINR draws a number of further requirements to the system operation including the requirement for higher accuracy of the channel estimation. 

As shown in [1], [2] significant performance degradation relative to ideal channel estimation case may happen if a standard correlation-based channel estimation algorithm is applied for UL MIMO and/or 8PAM transmissions modes using the maximum allowable pilot power corresponding to the minimum traffic to total pilot offset (ΔT2TP) ratio of 10 dB. The degradation of the channel estimation accuracy when using 8PAM and UL MIMO comes due the next reasons. For UL MIMO, additional inter-stream interference appears that is not present for SIMO transmission and is limited in CLTD. In addition, non-ideal correlation properties of the used scrambling and spreading sequences become a limiting factor for the channel estimation accuracy at operation in the high SNR regime. As studied in [1], the optimal ΔT2TP may be as low as 2-8 dB when the 8PAM modulation is exploited and the correlation-based channel estimation is used. Contribution [2] demonstrates that accounting for non-ideal correlation properties of the training sequence using the LMMSE-based channel estimation principle may compensate for most of the degradation of the correlation-based approach. However, the required signal processing may be prohibitive for actual implementation and some suboptimal algorithms have to be sought.

Potential solutions to the problem of lacking channel estimation accuracy include applying more advanced signal processing schemes for channel estimation (as considered in [2]), increasing the pilot power by using lower T2TP (as analyzed in [1]), or following both directions simultaneously. 

While an advancement of the signal processing scheme is a matter of implementation, a lower ΔT2TP should be allowed by the standard. This document provides simulation results for dependence of the system throughput on ΔT2TP for 8PAM SIMO and UL MIMO transmissions when using a correlation-based and a more advanced LMMSE-based channel estimation algorithms. Based on the results, the proposal is made to extend the ΔT2TP range to include the values down to 5 dB. The required modifications to the ΔT2TP table and the βec/βc quantization ratios table are introduced.

2. 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
	0 dB – 20 dB

	Physical channels
	DPCCH, E-DPCCH, and E-DPDCH for SIMO; DPCCH, S-DPCCH, E-DPCCH, S-E-DPCCH, E-DPDCH, and S-E-DPDCH for MIMO

	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 a sliding window

	Pilot powers distribution
	Equal total pilot powers for the primary and the secondary spatial streams

	Inner loop power control
	On

	Outer loop power control
	On

	Number of TX weights
	4 entry phase only codebook

	TX weight vector selection
	Testing of all hypotheses to maximize the primary stream SINR

	TX weight vector feedback delay
	4 slots

	TX weight vector feedback error rate
	0%

	TX weight vector update frequency
	3 slots

	Scheduler delay
	2 TTIs

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

	Marginal loop step sizes [dB]
	1 dB ( (1 – BLER_target),
1 dB ( BLER_target

	Propagation Channel
	PA3, VA3

	Correlation of channel realizations between TX and RX antennas
	0

	Number of RX antennas
	2

	NodeB Receiver Type
	LMMSE

	MIMO rank selection
	Fixed rank-2

	TPC feedback error rate
	0%

	TPC feedback delay
	2 slots

	TPC period
	1 slot


3. Simulation Results
Link-level simulations were used to measure dependences of average UE data throughput versus target RX Ec/No for ΔT2TP values from 3 dB to 10 dB. The simulation results are provided in this section.
3.1. Ped A 3 km/h channel model
3.1.1. SIMO Transmission Mode
Table 2. Throughput for different ∆T2TP values and different RX Ec/No targets for the correlation-based channel estimation, SIMO transmission mode, and the Ped A 3 km/h channel model
	SIMO, Correlation-based Ch. Est. PA3
	Target RX Ec/N0

	
	0 dB
	5 dB
	10 dB
	15 dB
	20 dB

	T-put, kbps
	T2TP = 10 dB
	2560
	4690
	6638
	9325
	10137

	
	T2TP = 9 dB
	2519
	4605
	6548
	9286
	10225

	
	T2TP = 8 dB
	2463
	4621
	6496
	9278
	10309

	
	T2TP = 7 dB
	2422
	4566
	6502
	9075
	10300

	
	T2TP = 6 dB
	2348
	4473
	6380
	9048
	10374

	
	T2TP = 5 dB
	2236
	4471
	6347
	8956
	10311

	
	T2TP = 4 dB
	2103
	4274
	6235
	8882
	10247

	
	T2TP = 3 dB
	1930
	4115
	6159
	8612
	10051
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Figure 1. Throughput as a function of RX Ec/No target for different ∆T2TP values for the correlation-based channel estimation, SIMO transmission mode, and the Ped A 3 km/h channel model
Table 3. Throughput for different ∆T2TP values and different RX Ec/No targets for the LMMSE-based channel estimation, SIMO transmission mode, and the Ped A 3 km/h channel model

	SIMO, LMMSE Ch. Est. PA3
	Target RX Ec/N0

	
	0 dB
	5 dB
	10 dB
	15 dB
	20 dB

	T-put, kbps
	T2TP = 10 dB
	2540
	4720
	6728
	10388
	13053

	
	T2TP = 9 dB
	2565
	4715
	6709
	10555
	12904

	
	T2TP = 8 dB
	2493
	4705
	6723
	10460
	12799

	
	T2TP = 7 dB
	2426
	4646
	6653
	10251
	12782

	
	T2TP = 6 dB
	2357
	4582
	6628
	10103
	12713

	
	T2TP = 5 dB
	2270
	4530
	6511
	10044
	12647

	
	T2TP = 4 dB
	2131
	4366
	6426
	9771
	12349

	
	T2TP = 3 dB
	2025
	4265
	6367
	9505
	12309
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Figure 2. Throughput as a function of RX Ec/No target for different ∆T2TP values for the LMMSE-based channel estimation, SIMO transmission mode, and the Ped A 3 km/h channel model
The simulation results for the SIMO mode and the Ped A 3 km/h channel model demonstrate no essential throughput gains due to ΔT2TP decreasing for both channel estimation approaches and for all target RX Ec/No points. The current minimum ΔT2TP of 10 dB is considered to be sufficient for the SIMO 8PAM operation in the Ped A 3 km/h channel model.
3.1.2. MIMO Transmission Mode

Table 4. Throughput for different ∆T2TP values and different RX Ec/No targets for the correlation-based channel estimation, MIMO transmission mode, and the Ped A 3 km/h channel model

	MIMO, Correlation-based Ch. Est. PA3
	Target RX Ec/N0

	
	0 dB
	5 dB
	10 dB
	15 dB
	20 dB

	T-put, kbps
	T2TP = 10 dB
	1963
	4521
	7231
	9456
	11209

	
	T2TP = 9 dB
	1951
	4448
	7174
	9302
	10992

	
	T2TP = 8 dB
	1878
	4351
	7116
	9439
	11149

	
	T2TP = 7 dB
	1815
	4287
	6976
	9299
	10920

	
	T2TP = 6 dB
	1758
	4125
	6907
	9185
	10840

	
	T2TP = 5 dB
	1684
	4076
	6863
	9168
	10768

	
	T2TP = 4 dB
	1581
	3903
	6561
	9031
	10415

	
	T2TP = 3 dB
	1427
	3751
	6369
	8786
	10553
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Figure 3. Throughput as a function of RX Ec/No target for different ∆T2TP values for the correlation-based channel estimation, MIMO transmission mode, and the Ped A 3 km/h channel model
Table 5. Throughput for different ∆T2TP values and different RX Ec/No targets for the LMMSE-based channel estimation, MIMO transmission mode, and the Ped A 3 km/h channel model

	MIMO, LMMSE Ch. Est. PA3
	Target RX Ec/N0

	
	0 dB
	5 dB
	10 dB
	15 dB
	20 dB

	T-put, kbps
	T2TP = 10 dB
	1982
	4317
	7515
	11572
	15337

	
	T2TP = 9 dB
	1859
	4442
	7241
	11301
	15346

	
	T2TP = 8 dB
	1894
	4377
	7304
	11501
	15482

	
	T2TP = 7 dB
	1767
	4233
	7307
	11222
	15535

	
	T2TP = 6 dB
	1787
	4178
	7163
	11270
	15309

	
	T2TP = 5 dB
	1665
	4092
	7027
	11048
	15252

	
	T2TP = 4 dB
	1575
	3947
	6854
	10949
	15012

	
	T2TP = 3 dB
	1514
	3811
	6588
	10616
	14730
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Figure 4. Throughput as a function of RX Ec/No target for different ∆T2TP values for the LMMSE-based channel estimation, MIMO transmission mode, and the Ped A 3 km/h channel model
The simulation results for the MIMO mode and the Ped A 3 km/h channel model also demonstrate no essential throughput gains due to ΔT2TP decreasing similar to the case of the SIMO transmission mode for both channel estimation approaches and for all target RX Ec/No points. Hence, the current minimum ΔT2TP of 10 dB is considered to be also sufficient for the MIMO 8PAM operation in the Ped A 3 km/h channel model.
3.2. Veh A 3 km/h channel model

3.2.1. SIMO Transmission Mode

Table 6. Throughput for different ∆T2TP values and different RX Ec/No targets for the correlation-based channel estimation, SIMO transmission mode, and the Veh A 3 km/h channel model

	SIMO, Correlation-based Ch. Est. VA3
	Target RX Ec/N0

	
	0 dB
	5 dB
	10 dB
	15 dB
	20 dB

	T-put, kbps
	T2TP = 10 dB
	2308
	4330
	6285
	8304
	8281

	
	T2TP = 9 dB
	2273
	4339
	6319
	8562
	9005

	
	T2TP = 8 dB
	2229
	4290
	6303
	8675
	9515

	
	T2TP = 7 dB
	2152
	4266
	6217
	8798
	10072

	
	T2TP = 6 dB
	2123
	4182
	6250
	8791
	10404

	
	T2TP = 5 dB
	2006
	4072
	6088
	8697
	10679

	
	T2TP = 4 dB
	1861
	3946
	6042
	8605
	10794

	
	T2TP = 3 dB
	1767
	3754
	5966
	8389
	10814
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Figure 5. Throughput as a function of RX Ec/No target for different ∆T2TP values for the correlation-based channel estimation, SIMO transmission mode, and the Veh A 3 km/h channel model
Decreasing of ΔT2TP for the SIMO mode for the correlation-based (legacy) channel estimation approach and the Veh A 3 km/h channel model provides significant throughput gains for target RX Ec/Nos of 15 and 20 dB. Such throughput gains are caused by an increased channel estimation accuracy which is one of the limiting factors for this range of RX Ec/Nos. On contrary, for lower RX Ec/Nos the channel estimation accuracy is sufficient using ΔT2TP of 10 dB and is not a limiting factor. For that case decreasing of ΔT2TP provides only throughput losses caused by decreasing of the RX power budget assigned to the E-DPDCH channel.
The optimal value of ΔT2TP may be chosen equal to 5 dB as providing practically the same throughput than lower ΔT2TP values for the case of high RX Ec/Nos and higher throughput for the case of low RX Ec/Nos.
Table 7. Throughput for different ∆T2TP values and different RX Ec/No targets for the LMMSE-based channel estimation, SIMO transmission mode, and the Veh A 3 km/h channel model

	SIMO, LMMSE Ch. Est. VA3
	Target RX Ec/N0

	
	0 dB
	5 dB
	10 dB
	15 dB
	20 dB

	T-put, kbps
	T2TP = 10 dB
	2281
	4380
	6409
	9593
	12426

	
	T2TP = 9 dB
	2255
	4366
	6384
	9528
	12396

	
	T2TP = 8 dB
	2211
	4306
	6363
	9544
	12528

	
	T2TP = 7 dB
	2170
	4270
	6259
	9533
	12452

	
	T2TP = 6 dB
	2107
	4201
	6281
	9401
	12297

	
	T2TP = 5 dB
	1994
	4119
	6245
	9288
	12230

	
	T2TP = 4 dB
	1892
	3961
	6102
	9056
	12051

	
	T2TP = 3 dB
	1747
	3753
	5960
	8868
	11931
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Figure 6. Throughput as a function of RX Ec/No target for different ∆T2TP values for the LMMSE-based channel estimation, SIMO transmission mode, and the Veh A 3 km/h channel model
Decreasing of ΔT2TP for the SIMO mode for the LMMSE-based channel estimation approach and the Veh A 3 km/h channel model provides no throughput gains because the LMMSE-based channel estimation accuracy is sufficiently high even for ΔT2TP of 10 dB for all the considered values of target RX Ec/No.
Hence, the overall conclusions for the SIMO 8PAM mode in the Veh A 3 km/h channel is that with the use of advanced channel estimation approaches ΔT2TP of 10 dB is sufficient. However, falling to the basic correlation-based channel estimation schemes requires increasing the pilot power to avoid throughput degradation.
3.2.2. MIMO Transmission Mode
Table 8. Throughput for different ∆T2TP values and different RX Ec/No targets for the correlation-based channel estimation, MIMO transmission mode, and the Veh A 3 km/h channel model

	MIMO, Correlation-based Ch. Est. VA3
	Target RX Ec/N0

	
	0 dB
	5 dB
	10 dB
	15 dB
	20 dB

	T-put, kbps
	T2TP = 10 dB
	1683
	4028
	6725
	9275
	10740

	
	T2TP = 9 dB
	1614
	3988
	6770
	9448
	10892

	
	T2TP = 8 dB
	1580
	4003
	6700
	9480
	11163

	
	T2TP = 7 dB
	1515
	3900
	6570
	9329
	11098

	
	T2TP = 6 dB
	1517
	3873
	6520
	9207
	11252

	
	T2TP = 5 dB
	1361
	3702
	6401
	9240
	11172

	
	T2TP = 4 dB
	1297
	3614
	6270
	9008
	11094

	
	T2TP = 3 dB
	1216
	3383
	5951
	8913
	10822
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Figure 7. Throughput as a function of RX Ec/No target for different ∆T2TP values for the correlation-based channel estimation, MIMO transmission mode, and the Veh A 3 km/h channel model
Decreasing of ΔT2TP for the MIMO mode for the correlation-based channel estimation approach and the Veh A 3 km/h channel model provides insignificant throughput gains for high target RX Ec/Nos and throughput losses for low RX Ec/Nos. Insignificant throughput gains from the ΔT2TP decrease for high RX Ec/Nos may be explained by channel estimation accuracy saturation from high self-interference between the pilot channels which cannot be decreased by increasing the pilot power.
Table 9. Throughput for different ∆T2TP values and different RX Ec/No targets for the LMMSE-based channel estimation, MIMO transmission mode, and the Veh A 3 km/h channel model

	MIMO, LMMSE Ch. Est. VA3
	Target RX Ec/N0

	
	0 dB
	5 dB
	10 dB
	15 dB
	20 dB

	T-put, kbps
	T2TP = 10 dB
	1624
	4017
	6538
	9578
	10848

	
	T2TP = 9 dB
	1657
	4001
	6630
	9783
	11790

	
	T2TP = 8 dB
	1615
	3956
	6649
	9776
	12103

	
	T2TP = 7 dB
	1499
	3840
	6506
	9852
	12787

	
	T2TP = 6 dB
	1464
	3748
	6502
	9749
	12885

	
	T2TP = 5 dB
	1462
	3717
	6474
	9518
	12898

	
	T2TP = 4 dB
	1376
	3546
	6225
	9381
	12847

	
	T2TP = 3 dB
	1239
	3365
	6035
	9292
	12534
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Figure 8. Throughput as a function of RX Ec/No target for different ∆T2TP values for the LMMSE-based channel estimation, MIMO transmission mode, and the Veh A 3 km/h channel model
Decreasing of ΔT2TP for the MIMO mode and the LMMSE-based channel estimation approach and the Veh A 3 km/h channel model provides significant throughput gains for target RX Ec/No of 20 dB. For lower RX Ec/Nos ΔT2TP decreasing provides only throughput losses caused by decreasing of the RX power budget assigned to the E-DPDCH channel.

Based on the presented results, the optimal value of ΔT2TP may be chosen equal to 7 dB as providing practically the same throughput than lower ΔT2TP values for the case of high RX Ec/Nos and higher throughput for the case of low RX Ec/Nos.
3.3. Discussion of Simulation Results
The following conclusions can be summarized from the presented simulation results.

For Ped A 3 km/h channel model, decreasing of ΔT2TP provides no throughput gains because channel estimation accuracy is high enough even for the lowest current ΔT2TP value of 10 dB. No changes of the ΔT2TP range can be justified by the results for the Ped A 3 km/h channel. For the Veh A, 3 km/h channel model, the lowest existing ΔT2TP value of 10 dB is enough for the SIMO mode and the LMMSE-based channel estimation approach. The channel estimation accuracy is high enough due to accuracy gain provided by the LMMSE-based channel estimation algorithm enhancement. 
For the Veh A 3 km/h channel model, the SIMO mode and the correlation-based channel estimation approach, the optimal ΔT2TP is chosen equal to 5 dB based on the simulation results. For the Veh A 3 km/h channel model, the MIMO mode and the LMMSE-based channel estimation approach the optimal ΔT2TP is chosen equal to 7 dB. In both cases, the throughput gains from an increased power pilot are essential (up to 20-30%). Hence, for the SIMO mode an increase of the pilot power is required when the standard correlation channel estimation approach is applied, but cannot be justified when more sophisticated channel estimation algorithms are used.
For the Veh A 3 km/channel model, MIMO transmission and the correlation-based channel estimation, decreasing ΔT2TP does not lead to throughput gains since the channel estimation accuracy is saturated by self-interference and cannot be improved by decreasing of ΔT2TP. Hence, the MIMO mode and Veh A 3 km/h results are different from the SIMO counterpart in that the correlation-based channel estimation is limited by non-ideal correlation properties of the used sequences and is lacking performance irrespectively of the pilot power allocated. On contrast, compensation of the pilot self-interference by more advanced signal processing techniques allows to improve the system performance by improving the channel estimation accuracy that can be achieved at lower ΔT2TP.
Thus, based on the overall results, the ΔT2TP range extension down to 5 dB is proposed in the present document.

4. Proposed Modification of ΔT2TP Table

Given the motivation discussed above, it is concluded that operation of UL MIMO and 8PAM require extending the existing ΔT2TP table to achieve more efficient system operation. It is proposed to include additional ΔT2TP values of 5–9 dB. The updated table 1B.0 for 3GPP TS 25.213 [3] is presented below.

Table 10. Proposed table 1B.0 for 3GPP TS 25.213 [3]
	Signalled values for 
 T2TP
	Power offset values 
 T2TP [dB]

	6
	16

	5
	15

	4
	14

	3
	13

	2
	12

	1
	11

	0
	10

	7
	9

	8
	8

	9
	7

	10
	6

	11
	5


5. Proposed Modification of E-DPCCH Gain Factors Table

The introduction of lower ΔT2TP values requires higher E-DPCCH gain factors βec, which should be reflected in the βec/βc quantization table 1B.0A in [3]. The maximum βec/βc ratio will also be influenced by possible E-DPDCH gain factors βed increase because of the 8PAM support. However, the current document assumes that no E-DPDCH gain factors increase is introduced as proposed and justified in [4]. 
Then, the usage of the maximum E-DPDCH gain factor and the minimum ΔT2TP value requires E-DPCCH gain factor βec/βc equal to 383/15 – a 4.1 dB increase relative to the current maximum value. Hence, the table should be extended to cover the required βec/βc range to above 383/15. This contribution proposes a direct extension of existing table 1B.0A keeping the existing exponential dependence of βec/βc versus the row index with a 2 dB step size. Thus, three extra rows should be added to table 1B.0A in [3]. The proposed updated table is presented below. All legacy values applicable for 4PAM are assumed to be applicable for 8PAM. 

Table 11. Proposed table 1B.0 for 3GPP TS 25.213 [3]
	Quantized amplitude ratios  
ec/c
	E-DPDCH modulation schemes which may be used in the same subframe

	477/15
	4PAM, 8PAM*

	379/15
	4PAM, 8PAM*

	301/15
	4PAM, 8PAM*

	239/15
	4PAM, 8PAM

	190/15
	4PAM, 8PAM

	151/15
	4PAM, 8PAM

	120/15
	BPSK, 4PAM, 8PAM

	95/15
	BPSK, 4PAM, 8PAM

	76/15
	BPSK, 4PAM, 8PAM

	60/15
	BPSK, 4PAM, 8PAM

	48/15
	BPSK, 4PAM, 8PAM

	38/15
	BPSK, 4PAM, 8PAM

	30/15
	BPSK, 4PAM, 8PAM

	24/15
	BPSK, 4PAM, 8PAM

	19/15
	BPSK, 4PAM, 8PAM

	15/15
	BPSK, 4PAM, 8PAM

	12/15
	BPSK, 4PAM, 8PAM

	9/15
	BPSK

	8/15
	BPSK, 4PAM, 8PAM

	6/15
	BPSK, 4PAM, 8PAM

	5/15
	BPSK


*The new values are assumed to be applicable to 4PAM only when UL MIMO is configured.
6. Conclusion

This contribution discusses that improved channel estimation accuracy is needed for operation of the UL MIMO and 8PAM transmission modes and provides simulation results that demonstrate essential throughput gains for frequency selective channels (like Veh A channel model) from increasing the pilot power by extension of the ΔT2TP range. The ΔT2TP range extension is required to either improve performance of the standard correlation-based channel estimation algorithm for 8PAM SIMO transmission or to achieve the needed channel estimation accuracy together with advanced channel estimation schemes in the most demanding case of 8PAM MIMO.
Based on the presented results it is proposed to extend the current range of ΔT2TP to include lower values of down to 5 dB. New ΔT2TP and βec/βc quantization tables are presented and proposed to be adopted.
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