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1
Introduction
The topic of higher order modulation (HOM) on the uplink in HSPA was introduced in [1]-[4] with the objective of improving peak rates. In [6],[7] the link performance of 16-QAM on E-DPDCH was examined using a Rake Receiver as well as an LMMSE Receiver (Type 3) for target data rates between 3,500 kbps to 10,000 kbps in different wireless channels (PA3, PB3, TU3, VA30). Furthermore, in [7], a cubic metric analysis was performed on 16-QAM from the perspective of impact on UE power amplifier linearity and efficiency.

In this contribution, we derive a suitable range of operating points (Traffic to Pilot Ratios, Average Pilot Ecp/Nt) for each of the cases that were studied in [5],[6],[7] from the point of view of limiting the set of gain factor combinations such that there is a minimal impact on cubic metric as well as link/system performance.
The range of operating points is obtained under 2 different reference signal enhancing schemes:

· Boost in DPCCH power

· Boost in E-DPCCH power

[8] describes different ways to enhance the reference signal for an efficient demodulation of HOM in the UL. 
2 
Simulation Assumptions

In this section we list the simulation assumptions used in [6] as well as the MCS table used for the different target data rates.

Table 1 lists the simulation assumptions used in studying the performance of 16-QAM in HSPA.

Table 1: 16-QAM Simulation Assumptions

	Parameter
	Value

	TTI
	2ms

	Number of H-ARQ Processes
	8

	Target Number of Transmissions
	1

	Residual BLER
	1%

	Number of Rx Antennas
	2

	Channel Encoder
	3GPP Release 6 Turbo Encoder

	Rate Matching Parameters
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	[2 0.33 0.44]

	Rate Matching Interleaver Buffer
	2x5760 [11520 bits]

4x5760 [23040 bits]

	DPCCH Slot Format
	8 Pilot, 2 TPC

	Channel Estimation
	Realistic

	Channel Model
	PA3, TU3, PB3, VA30

	Receiver Type
	LMMSE Receiver (Type 3) 


Table 2 highlights the different transport block sizes (TBS) chosen for this study as well as the corresponding code rate after 1 transmission.  In all cases, we use 4 physical channels (2xSF2 and 2xSF4). 
Table 2: QPSK/16-QAM MCS Table

	MCS
	Transport Block Size (bits)
	TTI
	Modulation
	Number of codes
	Code Rate
	SF
	Instantaneous Data Rate (kbps)

	1
	7000
	2ms
	QPSK
	4
	0.303
	4,2
	3,500

	2
	8192
	2ms
	QPSK
	4
	0.355
	4,2
	4,096

	3
	9000
	2ms
	16-QAM
	4
	0.391
	4,2
	4,500

	4
	10000
	2ms
	16-QAM
	4
	0.434
	4,2
	5,000

	5
	11000
	2 ms
	16-QAM
	4
	0.477
	4,2
	5,500

	6
	14000
	2ms
	16-QAM
	4
	0.607
	4,2
	7,000

	6
	16384
	2 ms
	16-QAM
	4
	0.711
	4,2
	8,192

	7
	18000
	2 ms
	16-QAM
	4
	0.781
	4,2
	9,000

	8
	20000
	2 ms
	16_QAM
	4
	0.869
	4,2
	10,000


3 
Operating Point Range

In the following sections, the nominal DPCCH power settings for each channel type are determined from best effort simulations performed on Release 6 target data rates (16kbps to 1435.5 kbps) [8].

3.1
Operating Point Range assuming boost in DPCCH power

In  this section we characterize the operating point assuming that the DPCCH power can be boosted as a means of enhancing the reference signal when very high data rates (from 3,500 kbps to 10,000 kbps) are used on the uplink in HSPA.
Based on the results in [6], Tables 3 through 6 summarize a suitable range of operating points in terms of Traffic to Pilot (T2P) Ratios  for data rates ranging from 3,500 kbps to 10,000 kbps in various channels (PA3, PB3, VA30, TU3) assuming a boost in DPCCH power with respect to a nominal DPCCH power setting. 
Table 3: PA3, Nominal Un-boosted DPCCH Ecp/Nt = -21 dB
	Target Data Rate (kbps)
	Min Ecp/Nt [dB]     Boosted DPCCH
	Max Ecp/Nt [dB]     Boosted DPCCH
	Optimal Ecp/Nt [dB]     Boosted DPCCH
	Max T2P [dB]    w.r.t Boosted DPCCH
	Min T2P [dB]    w.r.t. Boosted DPCCH
	Optimal T2P [dB]    w.r.t Boosted DPCCH
	Required Boost on DPCCH w.r.t Nominal DPCCH Power at Optimal Point

	3,500
	-12.8
	-8.9
	-11.7
	16
	12
	14
	9.3

	4,096
	-11.5
	-7.8
	-7.8
	16
	12
	12
	13.2

	4,500
	-11
	-5
	-7
	16
	10
	12
	14

	5,000
	-10
	-4.5
	-6.5
	16
	10
	12
	14.5

	5,500
	-9.3
	-3.7
	-5.5
	16
	10
	12
	15.5

	7,000
	-4
	-2
	-4
	12
	10
	12
	17

	8,192
	-3.5
	0
	-2
	14
	10
	12
	19

	9,000
	-3
	3
	0.8
	16
	10
	12
	21.8

	10,000
	-1.5
	4
	0.3
	16
	10
	14
	21.3


Table 4: PB3, Nominal Un-boosted DPCCH Ecp/Nt = -20 dB
	Target Data Rate (kbps)
	Min Ecp/Nt [dB]     Boosted DPCCH
	Max Ecp/Nt [dB]     Boosted DPCCH
	Optimal Ecp/Nt [dB]     Boosted DPCCH
	Max T2P [dB]    w.r.t Boosted DPCCH
	Min T2P [dB]    w.r.t. Boosted DPCCH
	Optimal T2P [dB]    w.r.t Boosted DPCCH
	Required Boost on DPCCH w.r.t Nominal DPCCH Power at Optimal Point

	3,500
	-13.6
	-10
	-10
	16
	12
	12
	10

	4,096
	-12.8
	-9.2
	-9.2
	16
	12
	12
	10.8

	4,500
	-12.5
	-10.5
	-12.5
	16
	14
	14
	7.5

	5,000
	-12
	-10.2
	-10.2
	16
	14
	14
	9.8

	5,500
	-11.5
	-9.7
	-9.7
	16
	14
	14
	10.3

	7,000
	-11.5
	-9.6
	-9.6
	16
	14
	14
	10.4


Table 5: VA30, Nominal Un-boosted DPCCH Ecp/Nt = -19 dB
	Target Data Rate (kbps)
	Min Ecp/Nt [dB]     Boosted DPCCH
	Max Ecp/Nt [dB]     Boosted DPCCH
	Optimal Ecp/Nt [dB]     Boosted DPCCH
	Max T2P [dB]    w.r.t Boosted DPCCH
	Min T2P [dB]    w.r.t. Boosted DPCCH
	Optimal T2P [dB]    w.r.t Boosted DPCCH
	Required Boost on DPCCH w.r.t Nominal DPCCH Power at Optimal Point

	4,500
	-11
	-5
	-7.5
	16
	9
	12
	11.5

	5,500
	-10.3
	-4
	-4.6
	16
	9
	10
	14.4

	7,000
	-7.5
	-3
	-4
	14
	9
	10
	15


Table 6: TU3, Nominal Un-boosted DPCCH Ecp/Nt = -20 dB
	Target Data Rate (kbps)
	Min Ecp/Nt [dB]     Boosted DPCCH
	Max Ecp/Nt [dB]     Boosted DPCCH
	Optimal Ecp/Nt [dB]     Boosted DPCCH
	Max T2P [dB]    w.r.t Boosted DPCCH
	Min T2P [dB]    w.r.t. Boosted DPCCH
	Optimal T2P [dB]    w.r.t Boosted DPCCH
	Required Boost on DPCCH w.r.t Nominal DPCCH Power at Optimal Point

	3,500
	-13.5
	-7.5
	-10
	16
	9
	12
	10

	4,096
	-13
	-7
	-9
	16
	9
	12
	11

	4,500
	-12.5
	-10.5
	-10.5
	16
	14
	14
	9.5

	5,000
	-12.2
	-10
	-10
	16
	14
	14
	10

	5,500
	-14.5
	-10.5
	-12.6
	18
	14
	16
	7.4

	6,000
	-9.5
	-5
	-5.7
	14
	9
	10
	14.3

	6,500
	-9
	-4.25
	-5
	14
	9
	10
	15

	7,000
	-7.5
	-3
	-4.5
	14
	9
	10
	15.5

	8,192
	-3.5
	0
	-2
	14
	10
	12
	18

	9,000
	-3
	3
	0.8
	16
	10
	12
	20.8

	10,000
	-1.5
	4
	0.3
	16
	10
	14
	20.3


3.1.1 Observations (DPCCH boosting)

From Tables 3 through 6 we observe the following:

· The Traffic to Pilot Ratio (with respect to the boosted DPCCH) ranges between 9 to 18 dB across different channel types and data rates.

· The required boost in DPCCH power with respect to nominal DPCCH power ranges from 7.4 to 20.8 dB across different channel types and data rates.

3.2
Operating Point Range assuming boost in E-DPCCH power

In  this section we characterize the operating point assuming that the E-DPCCH power can be boosted as a means of enhancing the pilot reference when very high data rates (from 3,500 kbps to 10,000 kbps) are used on the uplink in HSPA.
Based on the results in [6], Tables 7 through 10 summarize a suitable range of operating points in terms of Traffic to Pilot (T2P) Ratios  for data rates ranging from 3,500 kbps to 10,000 kbps in various channels (PA3, PB3, VA30, TU3) assuming a boost in E-DPCCH power with respect to a nominal DPCCH power setting. 

Table 7: PA3, Nominal Un-boosted DPCCH Ecp/Nt = -21 dB
	Target Data Rate (kbps)
	Min Ecp/Nt [dB]     Boosted  E-DPCCH
	Max Ecp/Nt [dB]     Boosted  E-DPCCH
	Optimal Ecp/Nt [dB]     Boosted  E-DPCCH
	Max T2P [dB]    w.r.t DPCCH
	Min T2P [dB]    w.r.t. DPCCH
	Optimal T2P [dB]    w.r.t DPCCH
	Required Boost on E-DPCCH w.r.t Nominal DPCCH Power at Optimal Point

	3,500
	-12.8
	-8.9
	-11.7
	24.2
	24.1
	23.3
	9.3

	4,096
	-11.5
	-7.8
	-7.8
	25.5
	25.2
	25.2
	13.2

	4,500
	-11
	-5
	-7
	26
	26
	26
	14

	5,000
	-10
	-4.5
	-6.5
	27
	26.5
	26.5
	14.5

	5,500
	-9.3
	-3.7
	-5.5
	27.7
	27.3
	27.5
	15.5

	7,000
	-4
	-2
	-4
	29
	29
	29
	17

	8,192
	-3.5
	0
	-2
	31.5
	31
	31
	19

	9,000
	-3
	3
	0.8
	34
	34
	33.8
	21.8

	10,000
	-1.5
	4
	0.3
	35.5
	35
	35.3
	21.3


Table 8: PB3, Nominal Un-boosted DPCCH Ecp/Nt = -20 dB
	Target Data Rate (kbps)
	Min Ecp/Nt [dB]     Boosted  E-DPCCH
	Max Ecp/Nt [dB]     Boosted  E-DPCCH
	Optimal Ecp/Nt [dB]     Boosted  E-DPCCH
	Max T2P [dB]    w.r.t DPCCH
	Min T2P [dB]    w.r.t. DPCCH
	Optimal T2P [dB]    w.r.t DPCCH
	Required Boost on E-DPCCH w.r.t Nominal DPCCH Power at Optimal Point

	3,500
	-13.6
	-10
	-10
	22.4
	22
	22
	10

	4,096
	-12.8
	-9.2
	-9.2
	23.2
	22.8
	22.8
	10.8

	4,500
	-12.5
	-10.5
	-12.5
	23.5
	23.5
	21.5
	7.5

	5,000
	-12
	-10.2
	-10.2
	24
	23.8
	23.8
	9.8

	5,500
	-11.5
	-9.7
	-9.7
	24.5
	24.3
	24.3
	10.3

	7,000
	-11.5
	-9.6
	-9.6
	24.5
	24.4
	24.4
	10.4


Table 9: VA30, Nominal Un-boosted DPCCH Ecp/Nt = -19 dB
	Target Data Rate (kbps)
	Min Ecp/Nt [dB]     Boosted  E-DPCCH
	Max Ecp/Nt [dB]     Boosted  E-DPCCH
	Optimal Ecp/Nt [dB]     Boosted  E-DPCCH
	Max T2P [dB]    w.r.t DPCCH
	Min T2P [dB]    w.r.t. DPCCH
	Optimal T2P [dB]    w.r.t DPCCH
	Required Boost on E-DPCCH w.r.t Nominal DPCCH Power at Optimal Point

	4,500
	-11
	-5
	-7.5
	24
	23
	23.5
	11.5

	5,500
	-10.3
	-4
	-4.6
	24.7
	24
	24.4
	14.4

	7,000
	-7.5
	-3
	-4
	25.5
	25
	25
	15


Table 10: TU3, Nominal Un-boosted DPCCH Ecp/Nt = -20 dB
	Target Data Rate (kbps)
	Min Ecp/Nt [dB]     Boosted  E-DPCCH
	Max Ecp/Nt [dB]     Boosted  E-DPCCH
	Optimal Ecp/Nt [dB]     Boosted  E-DPCCH
	Max T2P [dB]    w.r.t DPCCH
	Min T2P [dB]    w.r.t. DPCCH
	Optimal T2P [dB]    w.r.t DPCCH
	Required Boost on E-DPCCH w.r.t Nominal DPCCH Power at Optimal Point

	3,500
	-13.5
	-7.5
	-10
	22.5
	21.5
	22
	10

	4,096
	-13
	-7
	-9
	23
	22
	23
	11

	4,500
	-12.5
	-10.5
	-10.5
	23.5
	23.5
	23.5
	9.5

	5,000
	-12.2
	-10
	-10
	23.8
	24
	24
	10

	5,500
	-14.5
	-10.5
	-12.6
	23.5
	23.5
	23.4
	7.4

	6,000
	-9.5
	-5
	-5.7
	24.5
	24
	24.3
	14.3

	6,500
	-9
	-4.25
	-5
	25
	24.75
	25
	15

	7,000
	-7.5
	-3
	-4.5
	26.5
	26
	25.5
	15.5

	8,192
	-3.5
	0
	-2
	30.5
	30
	30
	18

	9,000
	-3
	3
	0.8
	33
	33
	32.8
	20.8

	10,000
	-1.5
	4
	0.3
	34.5
	34
	34.3
	20.3


3.2.1
Observations (E-DPCCH boosting)
From Tables 7 through 10 we observe the following:

· The Traffic to Pilot Ratio (with respect to the nominal DPCCH) ranges between 21.5 to 35.3 dB across different channel types and data rates.

· The required boost in E-DPCCH power with respect to nominal DPCCH power ranges from 7.4 to 20.8 dB across different channel types and data rates. (Note that these figures assume an operation of E-DPCCH at the same level as DPCCH, i.e., 0dB T2P, however, in practice, the operation of E-DPCCH is rather at 1dB T2P and therefore, the required boost would be 1dB lower than stated.)
4
Impact on Cubic Metric
Assuming a boost in DPCCH power as a means of enhancing the pilot reference, for the range of Traffic to Pilot Ratios between 9.2 and 21.75 dB, the cubic metric analysis [7] results in the following observation:
· the minimum of the difference in cubic metric between 16 QAM and QPSK is ~0.18 to 0.32 dB. 

· the maximum of the difference in cubic metric between 16 QAM and QPSK is ~0.75 to 0.84 dB.
We expect a similar result in cubic metric analysis if we use the boosted E-DPCCH method of enhancing the pilot reference, since the traffic to boosted E-DPCCH power will remain the same as the case when a boosted DPCCH is used.
5
Conclusion
Based on the link and cubic metric analysis performed on E-DPDCH using 16-QAM, we propose the following restriction on the use of 16-QAM in the uplink of HSPA:

· The choice of channelization codes be restricted to the use of 4 channelization codes (2xSF2+2xSF4)

· The amplitude (beta) gain settings be restricted to the settings in Table 11 when a boosted DPCCH channel is used as a means of enhancing the pilot reference for very high data rates. (Note that the ratio assumes E-DPDCH amplitude ratio over boosted DPCCH.)
· The amplitude (beta) gain settings be restricted to the range 21 to 36 dB when a boosted E-DPCCH channel is used as a means of enhancing the pilot reference for very high data rates. (Note that the ratio assumes E-DPDCH amplitude ratio over nominal DPCCH. A limited set of quantized amplitude (beta) gain values could be generated from this expected operating range. )
· The choice of power offset on the DPCCH or E-DPCCH should be made as a function of data rate regions when very high data rates are used. 
Table 11: Beta Settings (βed,1 , βed,2 and βc)  when 4 channelization codes are used (boosted DPCCH)
	βed,1
	βed,2
	βc
	T/P [dB]

	19
	24
	15
	9.21

	21
	27
	15
	10.17

	24
	30
	15
	11.18

	27
	38
	15
	12.86

	30
	42
	15
	13.74

	34
	47
	15
	14.76

	38
	53
	15
	15.78

	42
	53
	15
	16.09

	47
	60
	15
	17.13

	53
	67
	15
	18.12

	60
	84
	15
	19.76
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