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Introduction

This contribution characterizes PAR and PA back-off
 for a list of proposed Modulation and Coding Schemes (MCSs) for enhanced uplink. By selecting appropriate modulation schemes and TTI the back-off can be limited to 1.0dB for rates up to 2.8Mbps with encoding rate < 0.75.
Modulation and Coding Schemes

Table 1 below shows the expected rate range for each proposed modulation scheme and a maximum PA back-off limit.  PAs are expected to accommodate 1.0dB back-off (i.e. include additional headroom for linear operation) given current HS-DPCCH WG4 discussions [4] to address manufacturer concerns on tolerable power amplifier size, current drain, and heat. This is achievable for rates up to 2.8Mbps with one or two code channels. When more than two code channels are required (typically for rates > 2.2Mbps) it is suggested that the back-off limit be 2.0dB.  One analytical method of determining PA back-off is described in [5]. 
Table 1  Information Rate Range for each Modulation scheme
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BPSK 4 1 <= 384Kbps 1.0 dB 10ms

QPSK 4 2 640Kbps - 1152Kbps 1.0 dB 2ms or 10ms

QPSK 2 2 1.28Mbps - 2.16Mbps 1.0 dB 2ms or 10ms

QPSK 2,4 4 2.16Mbps - 5.76Mbps 2.0 dB 2ms or 10ms


Table 9 (also described in [1]) in Annex A gives the proposed MCS list for enhanced uplink.
PAR Cases

Three cases given in Table 2 are characterized in terms of PAR and back-off corresponding to Table 1.  Release 99 reference case is called Case R and is given in Table 3. 
Table 2.  Cases utilizing only BPSK or QPSK (Note: QPSK = 2 BPSK code channels)

	Cases
	Description of the case
	Needed physical code channels

	Case 1
	All channels, E-DCH, DCH, HS-DPCCH, DPCCH are code multiplexed. E-DCH is 2ms.
	DPCCH, DPDCH, E-DPDCH, HS-DPCCH, E-DPCCH

	Case 2a 
	E-DPDCH, DPDCH, HS-DPCCH, DPCCH code multiplexed but E-DPCCH is time multiplexed on E-DPDCH.  E-DCH is 10ms TTI.
	DPCCH, DPDCH, E-DPDCH, HS-DPCCH

	Case R
	Release 99 reference: DCH, DPCCH, HS-DPCCH
	DPCCH, DPDCH, HS-DPCCH


Table 3.  Case R: R99 Reference PAR and PA Back-off
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Note: Max power reduction of 1.0 or 2.0 dB has been proposed [4] resulting in an accommodated PA back-off of 1.0 dB (i.e. additional PA headroom for linear operation) for the HS-DPCCH cases above.
Case 2a: 10ms TTI E-DPDCH (TDMed E-DPCCH)
Certain coverage and performance advantages exist by supporting 2 and 10ms TTI for the E-DPDCH [2]. One option to meet a 1.0dB PA Back-off limit with enhanced uplink is to time multiplex TFRI information on the 10ms TTI E-DPDCH (see Table 4) instead of multiplexing it on a separate E-DPCCH code channel [3]. For the 2ms TTI E-DPDCH, it is assumed that the TFRI information is carried on a separate code multiplexed E-DPCCH. 
The DPDCH would typically only be used for conversational services (CS) when the E-DPDCH is present. For non-CS, the 10ms E-DPDCH is likely to be used during soft handoff which improves coverage compared to using a 2ms TTI when sending data with e.g. 320 bit RLC block size. Time multiplexing the TFRI information on to the 10ms E-DPDCH also minimizes PAR and back-off which becomes a problem at lower data rates where code channel beta values move closer. A 10ms E-DPDCH is preferable over a DPDCH since it supports HARQ, soft combining, and fast scheduling.
Table 4 Case 2a: Time multiplexed E-DPCCH onto E-DPDCH for 10ms TTI
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Note: For eu < 33 sending non-CS on DPDCH along with the CS keeps back-off < 1dB
Case 1: 2C-QPSK, Alternative Modulation scheme for QPSK SF=2

An alternate modulation technique is described in Annex 2 in case the QPSK SF=2 scheme is infeasible. The new scheme’s PAR characteristics are the best for the 1 to 2Mbps data rate range.
Case 1: PAR and PA back-off Results

The 99.9% PAR and PA back-off results for Case 1 are given in Tables 7 and 8 using the Table 2 multiplexing options. The betas used were derived considering the Eb/Nt requirements of each physical channel as given in Table 5 and Table 6. Figures 1 and 2 are ‘swept’ eu plots showing PAR and back-off as eu ranges from 0 to 120 for different modulation schemes.  In these figures, the fixed betas used were c=15, d=6, hs=5, T=5 and the branch/code selection was similar to that in Table 7.  All Case 1 PA back-off results were found to be less than 1.0dB for rates less than 2.88Mbps (encoding rate <0.75) using the proposed modulation schemes.
[image: image4.png]PA back-off (dB)

251

T

— QPSKSF=4

— 3BPSK

—— BPSKSF=2SF=4

— 2C-QPSK

—— QPSKSF=2
QPSK SF=2,SF=4

100 120




Figure 1  Beta (eu) Sweep for PA back-off for code multiplexing case 1.
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Figure 2  Beta (eu) Sweep for 99.9%-ile PAR for code multiplexing case 1.
Table 5 Betas for Case 1 and Avg Tx per packet=3
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ER – encoding rate,  

avgtx – average #tx occurring given 1% error rate targeted for 4rth tx

Table 6  Betas for Case 1
	
	64 Kbps
	384 Kbps
	1152 Kbps
	2104 Kbps
	

	SHO?
	Y
	N
	N
	N
	

	Multiplexing Case
	1
	2
	1
	2
	1
	2
	1
	2
	

	beta_d
	15
	-
	10
	-
	6
	-
	5
	-
	 

	beta_c
	11
	11
	15
	15
	15
	15
	15
	15
	 

	beta_hsdpcch
	15
	15
	7
	7
	5
	5
	4
	4
	 

	beta_eudpcch
	15
	-
	7
	-
	5
	-
	4
	-
	 

	beta_eudpdch
	24
	33
	42
	40
	40
	38
	55
	64
	 

	Eu modulation
	BPSK
	BPSK
	BPSK
	QPSK
	QPSK
	3BPSK
	3BPSK
	3BPSK
	

	Rx Ec/Nt total
	-13.35
	-13.15
	-11.32
	-9.31
	-5.15
	-3.83
	0.67
	1.92
	dB

	Equiv DPDCH Ec/Nt
	-21.2
	-20.37
	-24.7
	-24.72
	-25.0
	-22.15
	-25.0
	-16.14
	dB

	DPCCH Ec/Nt
	-23.9
	-23.9
	-21.2
	-21.2
	-17.0
	-17.0
	-15.5
	-15.5
	dB

	HS-DPCCH Ec/Nt
	-21.2
	-21.20
	-27.8
	-27.82
	-26.5
	-26.54
	-27.0
	-26.98
	dB

	Equiv EU-DPCCH Ec/Nt
	-21.2
	-21.2
	-27.8
	-27.8
	-26.5
	-26.5
	-27.0
	-27.0
	dB

	Equiv EU-DPDCH Ec/Nt
	-17.1
	-17.00
	-12.3
	-10.14
	-5.6
	-5.58
	0.5
	0.52
	dB


In the case of QPSK, it is assumed that each QPSK signal is constructed from two code channels, and that beta for E-DPDCH quoted in Tables 5-8 applies to each code channel. Also in the case of 3BPSK the corresponding beta applies to each code channel. The PAR values are shown in Table 7 and 8 and include BPSK SF=4, QPSK SF=4, 3BPSK SF=4, 2 BPSK channel case with SF=2 and SF=4, QPSK SF=2,  2 QPSK channel case with SF=2 and SF=4, and  2C-QPSK case.. 
Table 7  Case 1-PAR and Back-off without Auxiliary Pilot 
(DPCCH Ec/Nt=-17.5dB except SF=4 QPSK & SF=4 BPSK ( -19.5dB)
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Note the following:

· “Br” refers to IQ branch

· “C” refers to OVSF code number

· BPSK is indicated in the table by either an I or a Q under the branch allocation

· QPSK is indicated in the table an I+Q under the branch allocation

· 3BPSK is indicated in the table by 3 branch allocation indications, e.g. “Q,I,Q” under the branch allocation

· Two QPSK stream case is indicated by I+Q and two eu, SF, C indications.
· Two BPSK stream case is indicated by B:I+Q and two eu, SF, C indications.
· 2C-QPSK is indicated in the table by 2:I+Q and two C indications.

· Green entry in table indicates case is in TR [6].

Table 8  Case 1-PAR and Back-off with Auxiliary Pilot (pilot reference Ec/Nt=-17.5dB)
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Note:
· The auxiliary pilot configuration is
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for all scenarios having DPDCH C=16, and
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for all scenarios having DPDCH C=8.
Reference:
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[2] R1-040458, “TTI for Enhanced Uplink”, 3GPP RAN WG1#37

[3] R1-040457, “Enhanced Uplink Channel Structure”, 3GPP RAN WG1#37
[4] RP-040137, “25.101 Change Request”, 3GPP TSG RAN #33

[5] R1-040522, “Comparison of PAR and Cubic Metric for Power De-rating”, RAN WG1#37
[6] Enhanced Uplink TR25.986 V2.0.0, R1-040392
ANNEX A: Table 9. MCS Levels
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ANNEX B: 2C-QPSK

2C-QPSK is an alternate modulation scheme appropriate to the 1 to 2 Mbps data rate range. It provides a channel bit rate of 2880Kbps, equal to that of either 3BPSK or two BPSK streams, one at SF=2 and another at SF=4, but with significantly lower PAR and back-off. With 2C-QPSK, a spread factor of 4 is used and in each 4 chip symbol, three bits are sent as shown in Figure 3.
[image: image12.emf]QPSK

modulator

MUX

X

summed with other

physical channels,

scrambled, etc.

2

b

1

b

0

b

X

1

,4, chn

C

2

,4, chn

C

0

1

sel

eu




Figure 3  2C-QPSK modulation structure.

Two OVSF codes with SF=4 are assigned and they have code numbers n1 and n2. In each symbol period, bits b1 and b2 choose an output from the QPSK modulator and bit b0 chooses which of the two OVSF codes is used for the duration of that symbol. The output of the QPSK modulator is scaled such that for eu=1, this modulation scheme has the same energy per bit as the existing 3BPSK modulation proposal.
ANNEX C: PAR and Back-off Variation with eu, Additional Examples
Figures 4 and 5 show back-off and PAR as a function of eu for the different modulation schemes considered here. All betas other than eu are set as in Table 8 (including auxiliary pilot) and branch/code selection for each modulation was similar to that in Table 8.
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Figure 4  Beta (eu) sweep for PA back-off for Case 1 with auxiliary pilot.
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Figure 5  Beta (eu) sweep for 99.9%-ile PAR for Case 1 with auxiliary pilot.

The PAR and back-off for a given set of physical channels is typically largest when many physical channels have similar gains. Figures 6 and 7 consider this worst case condition and show back-off and PAR as a function of eu when all betas other than beu have a value of 15. Here, Case-1 scenarios without auxiliary pilot are considered and branch/code selection is similar to that in Table 7.
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Figure 6  Beta (eu) sweep for PA back-off for Case 1 without auxiliary pilot and all betas other than eu set to 15.
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Figure 7  Beta (eu) sweep for 99.9%-ile PAR for Case 1 without auxiliary pilot and all betas other than eu set to 15.









� PA back-off as used here describes a power de-rating [5]. That is, how much power reduction relative to the maximum PA power level attainable for the reference R99 speech case (BPSK; DPDCH B=15:SF=64:C=16;  DPCCH B=8:SF=256:C=0) must occur so that an ACLR level of -33dB is still achieved for a given uplink channel configuration.


� The cubic metric value for Release 99 voice case was determined to be 1.85 [5].  The back-off  for a given case is the cubic metric / 1.85
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		Modulation		SF		Ncodes		Rate Range		Max PA Backoff		E-DPDCH TTI

		BPSK		4		1		<= 384Kbps		1.0 dB		10ms

		QPSK		4		2		640Kbps - 1152Kbps		1.0 dB		2ms or 10ms

		QPSK		2		2		1.28Mbps - 2.16Mbps		1.0 dB		2ms or 10ms

		QPSK		2,4		4		2.16Mbps - 5.76Mbps		2.0 dB		2ms or 10ms






