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Introduction

In this contribution, various uplink multiplexing options for the design of the Enhanced Dedicated Channel (E-DCH) and its associated control channels are discussed along with their corresponding 99.9%-ile peak-to-average ratio (PAR) levels in dB.  All the schemes considered in this contribution use HPSK modulation.

PAR Levels and PAR Optimization Strategies

The worst case PAR for each multiplexing option depends upon the choice of assigned spreading factor (SF), OVSF code, IQ branch, and gain () factor for each code channel used for a given set of data rates (TFCS).  In [7] it was shown that PAR is a valid and appropriate metric for WCDMA signal analysis and power amplifier (PA) relative performance evaluation.  Hence, PAR is used in this contribution for comparing different uplink transmitter multiplexing options.

In order to support E-DCH features like adaptive modulation and coding (AMC), while minimizing PAR increase, five PAR optimization strategies are discussed:

1. Keep IQ branch and OVSF selection constant for all physical channels, irrespective of TFCs in the TFCS, or of the TFRI selected by the UE.

2. Allow IQ branch and OVSF selection for E-DCH to dynamically change according to TFRI selected by the UE, and keep IQ branch and OVSF selection constant for all other physical channels (irrespective of TFCS).

3. Allow IQ branch and OVSF selection for E-DCH to dynamically change according to TFRI selected by the UE and also as a function of TFCS.  Make IQ branch and OVSF selection for all other physical channels a function of TFCS.

4.  Allow IQ branch and OVSF selection for E-DCH and DPDCH (8kbps) to dynamically change according to TFRI selected by the UE, keep IQ branch and OVSF selection constant (or a function of TFCS) for all other physical channels

5.  Make the IQ branch and OVSF selection for all physical channels a function of TFCS (semi static) 

PAR analysis indicates strategies (1) and (2) are inadequate for minimizing PAR increases, while strategy (4) has voice performance tied to proper control channel (TFRI) decoding by the Node-B.  Strategy 3 seems to offer the most flexibility.  Our results suggest that PA efficiency gains for the UE could be realized from (3), but only if the UE could change the maximum PA power limit on a E-DCH frame (2ms or 10ms) basis. 

Although not as flexible as strategy (3), strategy (5) is the simplest where the required maximum PA power limits  (sometimes referred to as PA backoffs) are dependent on what TFCs are supported for a given TFCS.  PAR optimization for each multiplexing option considered in this contribution is based on Strategy (5). Strategy 5 requires different code channel parameter sets (consisting of per code channel SF, OVSF code, IQ branch, gain factor assignments) for each TFCS in order to minimize worst case PAR for a given TFCS. Each TFCS is primarily determined by number of DPDCHs used and whether the minimum SF=2 or 4
.  Each TFCS code channel parameter set for strategy 5 will be later referred to as a TFCS PAR optimization scheme.

Uplink Multiplexing Options

Uplink code and time multiplexing options are considered in terms of their PAR.  Different TFCS PAR optimization schemes for minimizing the PAR for each option are evaluated.  

Option 1: E-DCH, DPDCH, DPCCH, HS-DPCCH and associated control channels for E-DCH are code multiplexed:
In this option the E-DCH, DPDCH, DPCCH, HS-DPCCH and the SI-CCH+TFRI control channel for E-DCH are code multiplexed as shown in Figure 1.  The E-DCH can be BPSK or QPSK modulated while the other channels are all BPSK modulated.  In case of QPSK or higher order modulation the E-DCH has one (DPDCH) code channel per I and Q branch.  This option allows maximum flexibility where the TTI for the E-DCH can be different from that of the DPDCH.  The associated control channels for the E-DCH are on a separate code channel.

Optimized PAR

The optimized PAR for two cases for Option 1 are shown and analyzed in the following paragraphs:

Case a:

The E-DCH uses BPSK modulation and is mapped to a single branch and uses code SF/4 or SF/2 and shares the branch with one other physical channel e.g. DPCCH which uses OVSF code 0 or code 1.  All other physical channels are mapped to the alternate branch.  The PAR for Case a is shown in Table 1.  It may be noted that the optimum branch allocation for the SF=32 and SF=4 cases are not the same.  It may be observed from Table 1 that the PAR increases by approximately 0.16dB in case of SF=2 with optimized code allocation for d=6, c=3, HS=6, TFRI=6  and EU=15 compared to BPSK modulation with SF=4.  

Case b:

The PAR when E-DCH uses QPSK modulation and code-1 while the other 3 physical channels are on the I or Q branch is shown in Table 2.  From Table 1 and Table 2 it can be concluded that the is no significant difference between the worst case PAR for QPSK modulation with SF=4 and BPSK modulation with SF=4 . From Table 2 the PAR increase of QPSK SF=2 relative to QPSK SF=4 is only about  0.20 dB

Table 1.  Option 1 Case a  PAR for E-DCH BPSK modulated with SF=2 and SF=4 and various  values

	DPDCH
	DPCCH
	HS-DPCCH
	E-DCH
	SI-CCH + TFRI
	

	Br
	
	SF
	C
	Br
	
	SF
	C
	Br
	
	SF
	C
	Br
	
	SF
	C
	Br
	
	SF
	C
	PAR

	I
	4
	64
	16
	Q
	3
	256
	0
	I
	3
	256
	32
	Q
	15
	4
	1
	I
	3
	128
	1
	3.78

	I
	5
	64
	16
	Q
	3
	256
	0
	I
	5
	256
	32
	Q
	15
	4
	1
	I
	5
	128
	1
	4.02

	I
	6
	64
	16
	Q
	3
	256
	0
	I
	6
	256
	32
	Q
	15
	4
	1
	I
	6
	128
	1
	4.20

	Q
	12
	64
	16
	Q
	6
	256
	0
	Q
	12
	256
	32
	I
	15
	32
	8
	I
	12
	128
	1
	4.81

	I
	4
	64
	48
	Q
	3
	256
	0
	I
	3
	256
	128
	Q
	15
	2
	1
	I
	3
	128
	80
	3.99

	I
	5
	64
	48
	Q
	3
	256
	0
	I
	5
	256
	128
	Q
	15
	2
	1
	I
	5
	128
	80
	4.19

	I
	6
	64
	48
	Q
	3
	256
	0
	I
	6
	256
	128
	Q
	15
	2
	1
	I
	6
	128
	80
	4.36


Table 2. Option 1 Case b PAR for E-DCH QPSK modulated with SF=2 and SF=4 and various  values

	DPDCH
	DPCCH
	HS-DPCCH
	E-DCH
	SI-CCH + TFRI
	

	Br
	
	SF
	C
	Br
	
	SF
	C
	Br
	
	SF
	C
	Br
	
	SF
	C
	Br
	
	SF
	C
	PAR

	I
	4
	64
	8
	Q
	3
	256
	0
	Q
	3
	256
	32
	I+Q
	15
	4
	1
	I
	3
	128
	1
	4.07

	I
	8
	64
	8
	Q
	4
	256
	0
	Q
	8
	256
	32
	I+Q
	15
	4
	1
	I
	8
	128
	1
	5.07

	I
	8
	64
	8
	Q
	6
	256
	0
	Q
	6
	256
	32
	I+Q
	15
	4
	1
	I
	6
	128
	1
	5.00

	I
	8
	64
	16
	Q
	4
	256
	0
	Q
	8
	256
	64
	I+Q
	15
	2
	1
	I
	8
	128
	1
	5.28

	I
	8
	64
	16
	Q
	6
	256
	0
	Q
	6
	256
	64
	I+Q
	15
	2
	1
	I
	6
	128
	1
	5.20


The  corresponding PAR for TFCS PAR optimization schemes A thru D are summarized in Table 3 when all the code-multiplexed channels shown in Figure 1 are present. Schemes A thru D are defined as follows:

· Scheme A corresponds to the optimum for E-DCH modulation BPSK and minimum SF=4 

· Scheme B corresponds to the optimum for E-DCH modulation BPSK and minimum SF=2 

· Scheme C corresponds to the optimum for E-DCH modulation QPSK and minimum SF=4

· Scheme D corresponds to the optimum for E-DCH modulation QPSK and minimum SF=2

The code/ branch allocation and the  values for the  TFCS PAR optimization schemes are given in Tables 4,5, and 6.  The  values are intended to be representative of the values that would be used in practice.

Table 3. PAR (dB at 99.9%) for different E-DCH configurations (modulation, SF) and TFCS PAR optimization schemes, all physical channels present, code multiplexed case (Option 1)
	Scheme
	BPSK, SF=32
	BPSK, SF=4
	BPSK, SF=2
	QPSK, SF=4
	QPSK, SF=2
	DTX


	A
	4.81
	4.53 
	N/A
	N/A
	N/A
	5.57

	B
	5.24
	4.32
	4.36
	N/A
	N/A
	5.94

	C
	5.00
	4.52
	5.58
	5.07
	5.56
	5.07

	D
	5.25
	5.07
	5.05
	5.28
	5.28
	3.95


Table 4.  Code and branch allocation for each TFCS PAR optimization scheme considered for option 1

	
	DPDCH
	DPCCH
	HS-DPCCH
	E-DCH
	SI-CCH + TFRI

	Scheme
	Br
	C
	Br
	C
	Br
	C
	Br
	C
	Br
	C

	A
	Q
	SF/4


	Q
	0
	Q
	32
	I (SF≥4)
	SF/4
	I
	1

	B
	I
	SF/2+ SF/4
	Q
	0
	I
	128
	Q
	SF/2
	I
	SF/2

+SF/8

	C
	I

(SF≥8)
	SF/8
	Q
	0
	Q
	32
	Q or I+Q
	SF/4 (SF≥4)

1 (SF=2)
	I
	1

	D
	I
	SF/4
	Q
	0
	Q
	64
	Q or I+Q
	SF/2
	I
	1


Table 5a.  Beta values used in Scheme A through D with all physical channels present (1DPDCH at SF=4 for E-DCH)

	Physical channel
	beta type
	beta value
	beta_c/beta_x(dB)
	notes

	DPCCH
	c
	3
	
	

	DPDCH
	d
	6
	-6
	8kb/s DCH assumed

	HS-DPCCH
	HS
	6
	-6
	

	1 DPDCH (for BPSK E-DCH)
	eu
	15
	-14
	Use 1 DPDCH for rates from 384Kbps up to ~500Kbps for SF=4, and up to ~960kbps for SF=2

	SI-CCH + TFRI
	T
	6
	-6
	


Table 5b.  Beta values used in Scheme A through D with all physical channels present (1DPDCH at SF=32 for E-DCH)

	Physical channel
	beta type
	beta value
	beta_c/beta_x(dB)
	notes

	DPCCH
	c
	6
	
	

	DPDCH
	d
	12
	-6
	8kb/s DCH assumed

	HS-DPCCH
	HS
	12
	-6
	

	1 DPDCH (for BPSK E-DCH)
	eu
	15
	-8
	Use 1 DPDCH for rates of approx. 32 Kbps for SF=32

	SI-CCH + TFRI
	T
	12
	-6
	


Table 6.  Beta values used in Scheme A through D with physical channels present (2DPDCHs for E-DCH)

	Physical channel
	beta type
	beta value
	beta_c/beta_x(dB)
	notes

	DPCCH
	c
	4
	
	

	DPDCH
	d
	8
	-6
	8kb/s DCH assumed

	HS-DPCCH
	HS
	8
	-6
	

	2 DPDCH (for BPSK E-DCH)
	eu
	15
	-14.5
	Use 2 DPDCH for rates >500Kbps for SF=4 and > 960Kbps for SF=2. EU applies to both DPDCHs

	SI-CCH + TFRI
	T
	8
	-6
	


It can be seen that no single TFCS optimization scheme gives optimum performance over all E-DCH configurations.  This becomes even more apparent when sub-sets of physical channels are also considered, e.g. if E-DCH and/or HS-DPCCH can be DTXd (results are not included here for brevity). 

Note that for cases of BPSK with SF between 4 and 32, the PAR will be between the values given in table 3 for the cases of BPSK SF4, and BPSK SF32. The variation in PAR between these cases is mainly due to the change in the  values. Note that there is no expectation that QPSK will be used with SF>4.
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Figure 1. Code multiplexing with 10msec framing for voice and DPCCH and 2 msec framing for E-DCH. Control channels for E-DCH code-multiplexed with E-DCH

Option 2: E-DCH time multiplexed with DPDCH:

Figure 2 shows the uplink architecture where the DPDCH and E-DCH are time-multiplexed with separate code channels for DPCCH, HS-DPCCH and SI-CCH+TFRI.  It may be noted that only 10 msec TTI is possible for the E-DCH with this configuration.  

The optimized PAR for TFCS PAR optimization schemes A2 to D2 are summarized in Table 5 and the corresponding branch and code allocation schemes are summarized in Table 6 as per the uplink structure shown in Figure 2.
Table 5. PAR (dB at 99.9%) for different E-DCH configurations (modulation, SF) and TFCS PAR optimization schemes, time multiplexed voice DPDCH and E-DCH case (Option 2)
	Scheme
	BPSK, SF=32
	BPSK, SF=4
	BPSK, SF=2
	QPSK, SF=4
	QPSK, SF=2
	DTX

	A2
	3.94
	3.63 
	N/A
	N/A
	N/A
	4.26

	B2
	4.15
	3.70 
	3.80 
	N/A
	N/A
	4.37

	C2
	4.23
	4.33 
	5.07 
	4.67
	5.06
	4.17

	D2
	4.62
	4.74 
	4.78 
	4.80
	4.90
	3.23


Table 6.  Code and branch allocation for the four schemes considered for option 2

	
	DPCCH
	HS-DPCCH
	E-DCH+DPDCH
	SI-CCH + TFRI

	Scheme
	Br
	C
	Br
	C
	Br
	C
	Br
	C

	A2
	Q
	0
	I
	64
	Q (SF≥4)
	SF/4
	I
	1

	B2
	Q
	0
	I
	128
	Q (SF≥2)
	SF/2
	I
	SF/2

+SF/4

	C2
	Q
	0
	Q
	32
	I or I+Q
	SF/4 (SF≥4)

1 (SF=2)
	I
	1

	D2
	Q
	0
	Q
	64
	I or I+Q
	SF/2
	I
	1


The TFCS PAR optimization schemes A2, B2, C2 and D2 are defined as follows: 

· scheme A2 corresponds to the optimum for E-DCH modulation BPSK and minimum SF=4

· scheme B2 corresponds to the optimum for E-DCH modulation BPSK and minimum SF=2 

· scheme C2 corresponds to the optimum for E-DCH modulation QPSK and minimum SF=4 (similar to scheme C of code multiplexed case (option 1), without DPDCH)

· scheme D2 corresponds to the optimum for E-DCH modulation QPSK and minimum SF=2 (similar to scheme D of code multiplexed case (option 1),, without DPDCH)

The PAR is determined using the same beta values (except for DPDCH which is not transmitted).  Again, it is observed that the optimum PAR depends upon code and branch allocation and the beta values used and varies between 3.6dB and 5.1 dB (ignoring the DTX case).  However, if QPSK modulation needs to be supported with SF=2, the minimum PAR required is 4.9dB.
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Figure 2.  Time multiplexing of DPDCH voice and EUDCH with 10 msec framing with code multiplexed control channels for EUDCH

Option 3: E-DCH time multiplexed with DPDCH and associated control channels for E-DCH:

Figure 3 shows the uplink architecture where the DPDCH,E-DCH and SI-CCH+TFRI are time-multiplexed with separate code channels for DPCCH, HS-DPCCH.  It may be noted that only 10 msec TTI is possible for the E-DCH with this configuration.  The optimized PAR for TFCS PAR optimization schemes A3 to D3 are summarized in Table 7 and the corresponding branch and code allocation schemes are summarized in Table 8 as per the uplink structure shown in Figure 3.
Table 7. PAR (dB at 99.9%) for different E-DCH configuration (modulation, SF) and TFCS PAR optimization schemes, time multiplexed voice DPDCH, E-DCH and associated control channels (Option 3)
	Scheme
	BPSK, SF=32
	BPSK, SF=4
	BPSK, SF=2
	QPSK, SF=4
	QPSK, SF=2
	DTX

	A3
	3.12
	3.06 
	N/A
	N/A
	N/A
	3.81

	B3
	3.70
	3.26 
	3.26 
	N/A
	N/A
	4.03

	C3
	3.95
	3.25 
	4.71 
	4.15
	4.92
	4.95

	D3
	4.89
	4.32 
	4.31 
	4.73
	4.64
	3.81


Table 8. Code and branch allocation for the four schemes considered for option 3

	
	DPCCH
	HS-DPCCH
	E-DCH+TFRI+DPDCH

	Scheme
	Br
	C
	Br
	C
	Br
	C

	A3
	Q
	0
	Q
	64
	I

(SF≥4)
	SF/4

	B3
	Q
	0
	Q
	128
	I
	SF/2

	C3
	Q
	0
	Q
	32
	I or I+Q
	SF/4 (SF≥4)

1 (SF=2)

	D3
	Q
	0
	Q
	64
	I or I+Q
	SF/2


Note that 

· scheme A3 corresponds to the optimum for E-DCH modulation BPSK and minimum SF=4

· scheme B3 corresponds to the optimum for E-DCH modulation BPSK and minimum SF=2 

· scheme C3 corresponds to the optimum for E-DCH modulation QPSK and minimum SF=4 (similar to scheme C of code multiplexed case (option 1), without TFRI or voice DPDCH)

· scheme D3 corresponds to the optimum for E-DCH modulation QPSK and minimum SF=2 (similar to scheme D of code multiplexed case (option 1), without TFRI or voice DPDCH)

The PAR is determined using the same beta values (except for DPDCH and Sch Inf CCH which are not transmitted as separate physical channels).  Again it may be noted that the PAR values obtained with this configuration is very similar to that of Figure 2.
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Figure 3. Time multiplexing of DPDCH voice and EUDCH with 10 msec framing with time multiplexed control channels for EUDCH

Option 4: E-DCH time multiplexed with associated control channels for E-DCH:

Figure 4 shows the uplink architecture where the DPDCH and SI-CCH+TFRI are time-multiplexed with separate code channels for DPDCH, DPCCH, HS-DPCCH.  The optimized PAR for TFCS  PAR optimization schemes A4, B, C4, and D4 are summarized in Table 9 and the corresponding branch and code allocation schemes are summarized in Table 10 as per the uplink structure shown in Figure 4.

Table 9. PAR (dB at 99.9%) for different E-DCH configurations (modulation, SF) and TFCS PAR optimization schemes, time multiplexed E-DCH and associated control channels (Option 4)

	Scheme
	BPSK, SF=32
	BPSK, SF=4
	BPSK, SF=2
	QPSK, SF=4
	QPSK, SF=2
	DTX

	A4
	3.91
	3.62 
	N/A
	N/A
	N/A
	4.07

	B
	4.16
	3.72 
	3.81 
	N/A
	N/A
	4.50

	C4
	4.70
	4.38 
	5.17 
	4.67
	5.06
	4.17

	D4
	4.62
	4.74 
	4.78 
	4.80
	4.90
	3.23


Table 10.  Code and branch allocation for the four TFCS PAR optimization schemes considered for option 4
	
	DPDCH
	DPCCH
	HS-DPCCH
	E-DCH+TFRI

	Scheme
	Br
	C
	Br
	C
	Br
	C
	Br
	C

	A4
	I
	SF/4


	Q
	0
	I
	1
	Q (SF≥4)
	SF/4

	B
	I
	SF/2+ SF/4
	Q
	0
	I
	128
	Q
	SF/2

	C4
	I

(SF≥8)
	SF/8
	Q
	0
	Q
	32
	Q or I+Q
	SF/4 (SF≥4)

1 (SF=2)

	D4
	I
	1
	Q
	0
	Q
	64
	Q or I+Q
	SF/2


Note that 

· scheme A4 corresponds to the optimum for E-DCH modulation BPSK and minimum SF=4 (same as scheme B of code multiplexed case, without TFRI)

· scheme B corresponds to the optimum for E-DCH modulation BPSK and minimum SF=2 

· scheme C4 corresponds to the optimum for E-DCH modulation QPSK and minimum SF=4 (similar to as scheme C of code multiplexed case, without TFRI)

· scheme D4 corresponds to the optimum for E-DCH modulation QPSK and minimum SF=2 (similar as scheme D of code multiplexed case, without TFRI, except that voice DPDCH put on code 1)

The PAR is determined using the same beta values (except for DPDCH and Sch Inf CCH which are not transmitted as separate physical channels).  Again similar conclusions as drawn for Option 2 and 3 can be drawn for Option 4. 
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Figure 4. Code multiplexing with 10msec framing for voice and DPCCH and 2 msec framing for E-DCH, Controls for E-DCH and HS-DPCCH.  Controls for E-DCH time-multiplexed with E-DCH

Conclusions

Assuming HS-DPCCH and DPDCH for voice are present, and assuming the IQ branch and channelisation code are chosen according to TFCS (including E-DCH modulation and SF formats)
, then simulation results suggest that:

· For option 1 (code multiplexed case), the PAR to be supported ranges from approx. 4.3 to 5.3.

· For option 2 (E-DCH time multiplexed with DPDCH), the PAR to be supported ranges from approx. 3.6 to 4.9 depending on modulation used (BPSK or QPSK). 

· For option 3 (E-DCH time multiplexed with associated control channels and DPDCH), the PAR to be supported ranges from approx. 3.1 to 4.9 depending on modulation used.

· For option 4 (E-DCH time multiplexed with associated control channels), the PAR to be supported ranges from approx. 3.6 to 4.9 depending on modulation used.

· If adaptive modulation is supported (QPSK and BPSK) with SF=2, the PAR for the best TFCS PAR optimization scheme lies between 4.6 to 5.1 with Option-1 requiring 5.1 PAR.

· The PAR is not only dependent upon the choice of multiplexing options but also on the per code channel choice of channelization code, SF, IQ branch, and beta factors (TFCS PAR optimization scheme).  As such it can be concluded based on the analysis that there is not a major difference between Option 1 to 4, although Option-1 provides the most flexibility.

· It should be considered whether to allow IQ branch and OVSF selection for E-DCH to dynamically change according to TFRI selected by the UE, as well as according to TFCS. (This is also known as PAR optimization Strategy 3). It is possible that PA efficiency gains for the UE could be realized, but only if the UE could change the maximum PA power level limit on a E-DCH frame basis. This would not however reduce worst case PAR.

References

[1] Motorola, R1-02-1250, “Uplink Enhancements for Dedicated Transport Channels”.

[2] R1-02-1259, “3GPP Draft TR on Feasibility Study for Enhanced Uplink for UTRA FDD”.

[3] R1-02-1219, Nokia, “Uplink enhancements for Dedicated Transport Channels”, RAN1#28bis, Oct. 8, 2002.

[4] R1-02-1225, Ericsson, “Techniques for Uplink Enhancements for Dedicated Transport Channels”, RAN1#28bis, Oct. 8, 2002.

[5] R1-02-1244, Lucent, “Uplink Enhancements for Dedicated Transport Channels – Concepts and Fundamentals”, RAN1#28bis, , Oct. 8, 2002.

[6] R1-02-1237, Qualcomm, “UL Enhancements High Level Considerations”, RAN1#28bis,, Oct.  8, 2002.

[7] R1-03-0200, Motorola, “UE Power Amplifier characterization using PAR”, RAN1#31, February 18-21, 2003.

[8] R1-02-1350, Motorola, “Design Consideration for Enhanced Uplink Dedicated Channel,” November 5-8, 2002.

[9] R1-03-0145, Motoorla, “Text proposal for the Enhanced Uplink TR, Section 7.5,” Jan. 7-8, 2003.









� .  It may be noted that to support adaptive modulation, one needs at least QPSK modulation in addition to BPSK.  It will be shown that PAR increases by approximately  0.4dB-0.9dB if QPSK modulation needs to be supported in addition to BPSK.


� Although presented in the table, the PAR when E-DCH is DTX’d will not be a limiting case, since the UE power will be well below the maximum PA power level limit 


� This is also referred to as PAR optimization Strategy 5 at the beginning of the paper where the code channel parameter set for minimizing PAR for a given TFCS is called TFCS PAR optimization scheme.
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