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1 Introduction
Higher order modulations are a potential candidate enhancement for the TDD uplink, within the scope of the enhanced uplink SI [1].
8-PSK is particularly of interest due to the absence of symbol amplitude variation and the beneficial effect of this on the peak to average power ratio properties of the transmitted signal.
8-PSK was studied for FDD during the E-DCH study item phase [2] but was not included in the work item due to the fact that 3 x BPSK naturally outperformed 1 x 8-PSK.

For FDD, because each UE is assigned a scrambling code, the code resources in the cell on the uplink are plentiful.  Thus the 3 x BPSK is an attractive option.  For TDD however, a scrambling code is assigned to each cell, and OVSF code resources are thus more limited.  As such, it is necessary to look at both link and system impacts of 8-PSK in the context of an enhanced uplink TDD system.

This document presents results on 8-PSK link performance (section 2) and corresponding system performance (section 3).  PAR aspects are considered in section 4 and conclusions are drawn in section 5.  A text proposal for TR25.804 is appended thereafter.
2 8-PSK link performance

Simulations have been performed for 8-PSK in AWGN and ITU Indoor-to-outdoor Pedestrian-B channel (3kmph).  Power control is enabled and receive diversity is disabled.
There are two aspects to the link performance:

1. the loss associated with the 8-PSK modulation scheme

2. the coding gain associated with 8-PSK for the same information data rate as a QPSK transmission occupying the same code resource (the physical channel capacity is increased and so a lower coderate may be used)

In order to evaluate the modulation loss aspect, a single SF8 code using 8-PSK was compared to 3 x SF16 codes using QPSK, these two having the same physical channel capacity.  Thus, for a given transport block size the coderate on each is the same.  However, the code resources used by the QPSK transmission are 50% greater than for the 8-PSK transmission.  This increase in required code resources may be viewed as one “cost” of using QPSK modulation.
Four transport block sizes were considered, resulting in four different coderates.  1/3 rate turbo coding and burst type 1 are assumed throughout.

Table 1 lists the simulated formats:

	ID
	OVSF resource
	Modulation
	TrBlk Size
	Coderate

	1
	3 x SF16
	QPSK
	244
	0.3333

	2
	1 x SF8
	8-PSK
	244
	0.3333

	3
	3 x SF16
	QPSK
	366
	0.5

	4
	1 x SF8
	8-PSK
	366
	0.5

	5
	3 x SF16
	QPSK
	488
	0.6667

	6
	1 x SF8
	8-PSK
	488
	0.6667

	7
	3 x SF16
	QPSK
	608
	0.8306

	8
	1 x SF8
	8-PSK
	608
	0.8306


Table 1
Performance results are shown in Figure 1 through Figure 4.
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Figure 1 – QPSK and 8-PSK BLER performance, AWGN
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Figure 2 - QPSK/8-PSK performance comparison, AWGN
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Figure 3 - QPSK and 8-PSK BLER performance, Pedestrian-B
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Figure 4 - QPSK/8-PSK performance comparison, Pedestrian-B
As expected, 3 x QPSK SF16 consistently out-performs 1 x SF8 8-PSK.  For a given data rate, the power of the link is minimized if QPSK modulation is used.  This is because in the 3xSF16 case, more of the orthogonal code dimension is exploited to increase the data rate, whereas in the 8-PSK case, the additional data rate comes at the expense of a decreased minimum distance between constellation points for the same symbol power.

In terms of the second aspect of 8-PSK link performance (coding gain), QPSK and 8-PSK modulation were compared using the same amount of code resources and at the same data rate.  Thus, a lower coderate is afforded for the 8-PSK case and is able to counteract, to a greater or lesser degree, the loss associated with the modulation.
Formats considered for this evaluation are listed in Table 2 and results are presented in Figure 5 and Figure 6 for AWGN and Pedestrian-B respectively.
	ID
	OVSF resource
	Modulation
	TrBlk Size
	Coderate

	1
	1 x SF4
	QPSK
	488
	0.5

	2
	1 x SF4
	8-PSK
	488
	0.3333

	3
	1 x SF4
	QPSK
	682
	0.7

	4
	1 x SF4
	8-PSK
	682
	0.47

	5
	1 x SF4
	QPSK
	732
	0.75

	6
	1 x SF4
	8-PSK
	732
	0.5

	7
	1 x SF4
	QPSK
	760
	0.78

	8
	1 x SF4
	8-PSK
	760
	0.52

	9
	1 x SF4
	QPSK
	814
	0.83

	10
	1 x SF4
	8-PSK
	814
	0.56


Table 2
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Figure 5
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Figure 6
It is evident that there becomes a point at which the coding gain from using 8-PSK outweighs the modulation loss.  For AWGN the net gain of 8-PSK for high data rate formats is of the order of 0.5dB.  For pedestrian-B the net gain is of the order of 1dB.

3 8-PSK system performance

Although from a link perspective it is advantageous to utilise QPSK and maximise the used code resources for a user whenever possible in order to minimise the mean transmission power, this is not always practical:

(1) available uplink code resources are taken away from other users and,

(2) the peak to average power ratio (PAR) is increased due to the multi-code transmission.

The results of section 2 indicate that a net gain may be realised by using 8-PSK when code resources are limited.

To investigate the impact of (1), system simulations have been performed in order to determine whether or not there is a net system gain to be had from the inclusion of 8-PSK in an enhanced uplink system.
System parameters were as follows:
	Parameter
	Value
	Comments

	Carrier Frequency
	2000MHz
	

	Chip Rate
	3.84Mcps
	

	Frequency Re-use
	N=1
	

	Layout
	12 sites with rectangular wrap-around
	

	Sectorisation
	Tri-sectored
	

	Pathloss model
	128.15 + 37.6 log10(d) dB
	From 3GPP TS 25.942

	Cell radius
	1000m
	Inter-site distance 2000m

	Shadow fading standard deviation
	8dB
	Log normal

	Node-B antenna gain
	14dBi
	

	Node-B receiver noise figure
	5dB
	

	Node-B Rx diversity
	2 antennas
	

	UE antenna gain
	0dBi
	

	Users per cell
	20
	

	Number of uplink timeslots
	8
	

	Traffic model
	Full buffer
	

	Scheduling
	Round-robin
	Max resource per user = 1xSF4, 8 timeslots

	Channel type
	Pedestrian-B 3kmph
	All users

	Power control
	On
	10% BLER target


Table 3 – System simulation parameters

The scenario of Table 3 was simulated for two cases.  In case 1, all TFCs available to the UEs used QPSK modulation only.  For case 2, the set of available TFCs included both QPSK and 8-PSK modulation types.  Sector throughput was analysed as a function of the rise over thermal in the cell (controlled by the scheduler).  The rise over thermal is defined as the power at the Node-B receiver which may not be resolved by the joint detection receiver.  The results obtained are shown in Figure 7.
[image: image7.emf]2 3 4 5 6 7 8 9

1200

1300

1400

1500

1600

1700

1800

1900

Noise Rise (dB)

Sector Throughput (kbps)

Noise Rise vs: Sector Throughput

8-PSK and QPSK formats

QPSK formats only


Figure 7
From Figure 7, it can be seen that the throughput gain of the system is improved by between 10% and 15% when 8-PSK formats are enabled.
4 PAR aspects

In order to verify that the inclusion of 8-PSK would not cause adverse effects on the UE power amplifier, simulations have been conducted in order to quantify the impact of 8-PSK modulation in terms of PAR.
A histogram of the instantaneous signal power was recorded across multiple monte-carlo simulation runs in which channelisation code and scrambling codes were selected at random.  A ratio was then formed for each histogram ‘bin’ by dividing the bin by the by the mean power.  Thus a histogram of the instantaneous signal power to mean power ratio was generated.  This was then integrated to form the signal CDF.
SF16 was used as the basis of the simulations.  Both QPSK and 8-PSK with 1, 2 and 3 codes were simulated.  In addition, SF8 8-PSK was simulated to verify that the impact of the spreading factor on the signal CDF was not significant.  The following cases were thus studied:
a) 1 x SF16, QPSK

b) 2 x SF16, QPSK

c) 3 x SF16, QPSK

d) 1 x SF16, 8-PSK

e) 2 x SF16, 8-PSK

f) 3 x SF16, 8-PSK

g) 1 x SF8, 8-PSK

Note that case (b) may be used as the benchmark for existing Release-5 TDD equipment capable of 2-code transmission using QPSK.

The CDF results are plotted in Figure 8.
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Figure 8 – TDD Signal Amplitude Properties
The region of interest is where the CDFs approach 1.  That is to say, it is of interest to determine a ratio of the instantaneous power relative to the mean power which is exceeded only x% of the time, as this bears some relation to the degree of power amplifier backoff required in the UE.  A reasonable comparison point is x=99.9%.  Figure 9 shows a zoomed plot of this region of interest.
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Figure 9 – TDD Signal Amplitude Properties (zoomed)

For the 99%-‘ile point, the UE PA backoffs of Table 4 are obtained:

	OVSF resource
	Modulation
	UE PA backoff

	1 x SF16
	QPSK
	3.0dB

	2 x SF16
	QPSK
	4.8dB

	3 x SF16
	QPSK
	6.0dB

	1 x SF16
	8-PSK
	2.7dB

	2 x SF16
	8-PSK
	4.7dB

	3 x SF16
	8-PSK
	5.8dB

	1 x SF8
	8-PSK
	3.1dB


Table 4
The results indicate that 8-PSK is actually able to deliver a slightly lower PAR than QPSK for the same number of OVSF codes (a gain of approximately 0.1 to 0.3dB).  The effect of SF on the PAR is small compared to the number of codes, and so these relative (QPSK vs: 8-PSK) results are assumed to also apply for lower SF.

If enhanced uplink transmissions were limited to a single OVSF code per timeslot, on which no other legacy channel transmissions existed then the mean UE PA output power could be increased without change to the UE PA design.  The magnitude of this increase is of the order of 1.8dB and 2.1dB for QPSK and 8-PSK respectively, and is relative to the Release-5 2xSF16 QPSK case.

5 Conclusions
5.1 Link Performance

In terms of link performance, a loss of between 1 and 3dB (as the coderate is varied between 1/3 and 0.83) arises from the use of 8-PSK modulation at SF8 when compared to QPSK modulation of three SF16 codes (ie: the same physical channel data rate).
Comparing 8-PSK to QPSK at the same data rate and occupying the same code resources, 8-PSK is able to deliver an overall link performance benefit up to 1dB when the corresponding QPSK coderate is high (0.83).  Gains are seen for both AWGN and pedestrian-B channels.

5.2 System Performance

There is a net system throughput gain of between 10 and 15% when 8-PSK formats are deployed with a round-robin scheduler and using a full-buffer traffic model.  This is a consequence of finite code resources being available for the TDD uplink which must be shared amongst users.
5.3 PAR

PAR using 8-PSK is equal to or slightly better (lower) than QPSK for the same number of channelisation codes.

Restricting the enhanced uplink to use only a single code per timeslot could facilitate a decrease in PAR of 1.8dB and 2.1dB for 8-PSK and QPSK respectively when compared to the current Release 5 scenario in which the UE may support 2 codes using QPSK.
5.4 Overall

Inclusion of 8-PSK modulation would appear to carry system throughput benefits for the TDD enhanced uplink.
The UE PAR is not worsened via the introduction of 8-PSK.  Imposing the restriction that enhanced uplink transmissions occupy a single OVSF code per timeslot, and may not co-exist with legacy channels in the same timeslot, would facilitate a mean increase in PA output power of approximately 2dB for enhanced uplink channels, without re-design of the UE PA.

A text proposal to include these results into TR 25.804 is appended to this document.
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6.1.3
Higher-Order Modulation

3.84Mcps release 5 TDD supports QPSK modulation only.  8-PSK is additionally allowed for 1.28Mcps TDD.

Higher order modulations may carry benefits for the TDD uplink due to the finite OVSF code resources available in the cell (all users share a cell specific scrambling code).

When considering higher-order modulations as an enhancement, the following aspects should be taken into account:

· link performance

· system performance

· impacts to the UE power amplifier

<<<<<<<<<<<<<<<<<<<<<< next changed section >>>>>>>>>>>>>>>>>>>>>

8.1.6
8-PSK
Of the set of higher-order modulations, 8-PSK is particularly of interest due to its constant-envelope nature.

8-PSK was studied for FDD during the E-DCH study item phase [9] but was not included in the work item due to the fact that 3 x BPSK naturally outperformed 1 x 8-PSK.

However, for FDD, because each UE is assigned a scrambling code, the code resources in the cell on the uplink are plentiful and the system is usually interference-limited.  Thus the 3 x BPSK is an attractive option.  For TDD however, a scrambling code is assigned to each cell, and OVSF code resources are thus more limited.  As such, it is necessary to look at both link and system impacts of 8-PSK in the context of an enhanced uplink TDD system.

This section presents results on 8-PSK link performance (section 8.1.6.1) and corresponding system performance (section 8.1.6.2).  PAR aspects are considered in section 8.1.6.3.
8.1.6.1
Link Performance

Simulations have been performed for 8-PSK in AWGN and ITU Indoor-to-outdoor Pedestrian-B channel (3kmph).  Power control is enabled and receive diversity is disabled.

There are two aspects to the link performance:

3. the loss associated with the 8-PSK modulation scheme

4. the coding gain associated with 8-PSK for the same information data rate as a QPSK transmission occupying the same code resource (the physical channel capacity is increased and so a lower coderate may be used)

In order to evaluate the modulation loss aspect, a single SF8 code using 8-PSK was compared to 3 x SF16 codes using QPSK, these two having the same physical channel capacity.  Thus, for a given transport block size the coderate on each is the same.  However, the code resources used by the QPSK transmission are 50% greater than for the 8-PSK transmission.  This increase in required code resources may be viewed as one “cost” of using QPSK modulation.

Four transport block sizes were considered, resulting in four different coderates.  1/3 rate turbo coding and burst type 1 are assumed throughout.  For simplicity, single-slot formats were simulated.
Table [T1] lists the simulated formats:

	ID
	OVSF resource
	Modulation
	TrBlk Size
	Coderate

	1
	3 x SF16
	QPSK
	244
	0.3333

	2
	1 x SF8
	8-PSK
	244
	0.3333

	3
	3 x SF16
	QPSK
	366
	0.5

	4
	1 x SF8
	8-PSK
	366
	0.5

	5
	3 x SF16
	QPSK
	488
	0.6667

	6
	1 x SF8
	8-PSK
	488
	0.6667

	7
	3 x SF16
	QPSK
	608
	0.8306

	8
	1 x SF8
	8-PSK
	608
	0.8306


Table [T1]
Performance results are shown in figures [F1] through [F4].
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Figure [F1] – QPSK and 8-PSK BLER performance, AWGN
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Figure [F2] - QPSK/8-PSK performance comparison, AWGN
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Figure [F3] - QPSK and 8-PSK BLER performance, Pedestrian-B
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Figure [F4] - QPSK/8-PSK performance comparison, Pedestrian-B

As expected, 3 x QPSK SF16 consistently out-performs 1 x SF8 8-PSK.  For a given data rate, the power of the link is minimized if QPSK modulation is used.  This is because in the 3xSF16 case, more of the orthogonal code dimension is exploited to increase the data rate, whereas in the 8-PSK case, the additional data rate comes at the expense of a decreased minimum distance between constellation points for the same symbol power.

In terms of the second aspect of 8-PSK link performance (coding gain), QPSK and 8-PSK modulation were compared using the same amount of code resources and at the same data rate.  Thus, a lower coderate is afforded for the 8-PSK case and is able to counteract, to a greater or lesser degree, the loss associated with the modulation.

Formats considered for this evaluation are listed in table [T2] and results are presented in figures [F5] and [F6] for AWGN and Pedestrian-B respectively.

	ID
	OVSF resource
	Modulation
	TrBlk Size
	Coderate

	1
	1 x SF4
	QPSK
	488
	0.5

	2
	1 x SF4
	8-PSK
	488
	0.3333

	3
	1 x SF4
	QPSK
	682
	0.7

	4
	1 x SF4
	8-PSK
	682
	0.47

	5
	1 x SF4
	QPSK
	732
	0.75

	6
	1 x SF4
	8-PSK
	732
	0.5

	7
	1 x SF4
	QPSK
	760
	0.78

	8
	1 x SF4
	8-PSK
	760
	0.52

	9
	1 x SF4
	QPSK
	814
	0.83

	10
	1 x SF4
	8-PSK
	814
	0.56


Table [T2]
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Figure [F5] – 8-PSK vs: QPSK at the same data rate and using equal code resources, AWGN
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Figure [F6] – 8-PSK vs: QPSK at the same data rate and using equal code resources, Pedestrian-B
It is evident that there becomes a point at which the coding gain from using 8-PSK outweighs the modulation loss.  For AWGN the net gain of 8-PSK for high data rate formats is of the order of 0.5dB.  For pedestrian-B the net gain is of the order of 1dB.

8.1.6.2
System Performance

Although from a link perspective it is advantageous to utilise QPSK and maximise the used code resources for a user whenever possible in order to minimise the mean transmission power, this is not always practical:

i. available uplink code resources are taken away from other users and,

ii. the peak to average power ratio (PAR) is increased due to the multi-code transmission.

The results of section 8.1.6.1 indicate that a net gain may be realised by using 8-PSK when code resources are limited.

To investigate the impact of (i), system simulations have been performed in order to determine whether or not there is a net system gain to be had from the inclusion of 8-PSK in an enhanced uplink system.

System parameters were as follows:

	Parameter
	Value
	Comments

	Carrier Frequency
	2000MHz
	

	Chip Rate
	3.84Mcps
	

	Frequency Re-use
	N=1
	

	Layout
	12 sites with rectangular wrap-around
	

	Sectorisation
	Tri-sectored
	

	Pathloss model
	128.15 + 37.6 log10(d) dB
	From 3GPP TS 25.942

	Cell radius
	1000m
	Inter-site distance 2000m

	Shadow fading standard deviation
	8dB
	Log normal

	Node-B antenna gain
	14dBi
	

	Node-B receiver noise figure
	5dB
	

	Node-B Rx diversity
	2 antennas
	

	UE antenna gain
	0dBi
	

	Users per cell
	20
	

	Number of uplink timeslots
	8
	

	Traffic model
	Full buffer
	

	Scheduling
	Round-robin
	Max resource per user = 1xSF4, 8 timeslots

	Channel type
	Pedestrian-B 3kmph
	All users

	Power control
	On
	10% BLER target


Table [T3] – System simulation parameters

The scenario of table [T3] was simulated for two cases.  In case 1, all TFCs available to the UEs used QPSK modulation only.  For case 2, the set of available TFCs included both QPSK and 8-PSK modulation types.  Sector throughput was analysed as a function of the rise over thermal in the cell (controlled by the scheduler).  The rise over thermal is defined as the power at the Node-B receiver which may not be resolved by the joint detection receiver.  The results obtained are shown in figure [F7].
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Figure [F7] – sector throughput with and without 8-PSK (8 uplink timeslots)
From figure [F7], it can be seen that the throughput gain of the system is improved by between 10% and 15% when 8-PSK formats are enabled.

8.1.6.3
Peak to average power ratio

In order to verify that the inclusion of 8-PSK would not cause adverse effects on the UE power amplifier, simulations have been conducted in order to quantify the impact of 8-PSK modulation in terms of PAR.

A histogram of the instantaneous signal power was recorded across multiple monte-carlo simulation runs in which channelisation code and scrambling codes were selected at random.  A ratio was then formed for each histogram ‘bin’ by dividing the bin by the by the mean power.  Thus a histogram of the instantaneous signal power to mean power ratio was generated.  This was then integrated to form the signal CDF.

SF16 was used as the basis of the simulations.  Both QPSK and 8-PSK with 1, 2 and 3 codes were simulated.  In addition, SF8 8-PSK was simulated to verify that the impact of the spreading factor on the signal CDF was not significant.  The following cases were thus studied:

a) 1 x SF16, QPSK

b) 2 x SF16, QPSK

c) 3 x SF16, QPSK

d) 1 x SF16, 8-PSK

e) 2 x SF16, 8-PSK

f) 3 x SF16, 8-PSK

g) 1 x SF8, 8-PSK

Note that case (b) may be used as the benchmark for existing Release-5 3.84Mcps TDD equipment capable of 2-code transmission using QPSK.

The CDF results are plotted in figure [F8].
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Figure [F8] – TDD Signal Amplitude Properties

The region of interest is where the CDFs approach 1.  That is to say, it is of interest to determine a ratio of the instantaneous power relative to the mean power which is exceeded only x% of the time, as this bears some relation to the degree of power amplifier backoff required in the UE.  A reasonable comparison point is x=99.9%.  Figure [F9] shows a zoomed plot of the region of interest.
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Figure [F9] – TDD Signal Amplitude Properties (zoomed)

For the 99%-‘ile point, the UE PA backoffs of table [T4] are obtained:

	OVSF resource
	Modulation
	UE PA backoff

	1 x SF16
	QPSK
	3.0dB

	2 x SF16
	QPSK
	4.8dB

	3 x SF16
	QPSK
	6.0dB

	1 x SF16
	8-PSK
	2.7dB

	2 x SF16
	8-PSK
	4.7dB

	3 x SF16
	8-PSK
	5.8dB

	1 x SF8
	8-PSK
	3.1dB


Table [T4]
The results indicate that 8-PSK is actually able to deliver a slightly lower PAR than QPSK for the same number of OVSF codes (a gain of approximately 0.1 to 0.3dB).  The effect of SF on the PAR is small compared to the number of codes, and so these relative (QPSK vs: 8-PSK) results are assumed to also apply for lower SF.

If enhanced uplink transmissions were limited to a single OVSF code per timeslot, on which no other legacy channel transmissions existed then the mean UE PA output power could be increased without change to the UE PA design.  The magnitude of this increase is of the order of 1.8dB and 2.1dB for QPSK and 8-PSK respectively, and is relative to the Release-5 2xSF16 QPSK case.










































































































