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Introduction

This contribution assumes R99/4/5 backwards compatibility is maintained in terms of channelization code and branch selection for enhanced uplink Modulation and Coding Schemes (MCSs) when determining Cubic Metric (CM) [2] and PAR. These results are compared to those in [1] where channelization code and branch optimization was used.  Also shown is the CM
 increase when conversational services are supported on the DCH and non-conversation services are supported on the E-DCH.
Conclusion

To minimize the CM/PAR increase for different Enhanced Uplink configurations we have proposed that: 
· When conversational services are sent on the DCH then non-conversational services should also be sent on the DCH instead of the E-DCH.
· The SRB be sent on E-DCH instead of DCH when no services are on the DCH

· Maximum power levels be adjusted when dual stream QPSK or 3BPSK are used.
It is noted that optimizing the branch and channelization codes has a significant reduction in CM/PAR for cases of interest during SHO.
Modulation and Coding Schemes

Table 1 below shows the expected rate range for each proposed enhanced uplink modulation scheme. Note that the maximum rate achievable is now 4.8Mbps instead of 5.76Mbps [1] since it is only possible to do dual QPSK with SF=2, 8 and not SF=2, 4 while maintaining backwards compatibility in terms of channelization code and branch selection.  
Table 1  Information Rate Range for each Modulation scheme


[image: image1.emf]Modulation SF Ncodes Rate Range E-DPDCH TTI

BPSK 4 1 <= 384Kbps 10ms

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

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

QPSK 2,8 4 2.16Mbps - 4.80Mbps 2ms or 10ms


CM/PAR Configuration Cases

Three configuration cases given in Table 2 are characterized in terms of PAR and CM.  The Release 99/4/5 reference cases are labeled Case R and given in Table 3.  Note that the first row in Table 3 is the R99 12.2 Kbps AMR speech case and serves as the reference in calculating CM. 
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 99/4/5 reference: DCH, DPCCH, HS-DPCCH
	DPCCH, DPDCH, HS-DPCCH


Table 3.  Case R: CM and PAR for R99/4/5 Reference cases
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Note: As indicated previously CM is a more accurate indicator than PAR as shown in [2] and reflects a larger increase than PAR for some configurations.
E-DCH and DCH with Conversational Services
PAR and CM results are shown in Table 4 for the case when the E-DPDCH and E-DPCCH are code multiplexed or time multiplexed and when either a 12.2Kbps conversational service (d=15) or a 64Kbps conversational service (d =21) is supported on the DCH.  Note the CM for the 64Kbps case is almost 2.0dB until rates significantly above 384Kbps (d =42) are reached. Also the cases in row 1 and 3 have significantly higher CM than given in [1] due to restrictions in channelization code and branch selection needed to maintain R99/4/5 backwards compatibility.  From these results and those in Table 3 it can be concluded that the DCH should be used for non-conversational services instead of the E-DCH when a conversational service is sent on the DCH to keep the CM at a low value (e.g. below 1.0dB). 
Rows 1 and 2 (corresponding to a SHO case) in Table 4 indicate it is -not- necessary to time multiplex the E-DPDCH and E-DPCCH to keep the CM to a relatively low value (e.g. below 1.0dB) when no services are on the DCH.  To avoid having to send anything on the DCH when sending services on the E-DCH it would be necessary to also send the SRB on the E-DCH.
Given only non-conversational services, the 10ms TTI E-DPDCH is likely to be used during soft handoff when the UE is near the cell edge since coverage is improved compared to using a 2ms TTI (e.g. when sending data with a single 320 bit RLC block). Time multiplexing the TFRI information (E-DPCCH) on to the 10ms E-DPDCH helps reduce CM and PAR but the improvement does not warrant using time-multiplexing instead of code-multiplexing.

Table 4 Conversational Services & Time multiplexed E-DPCCH and E-DPDCH 
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Case 1: PAR and CM Results

Tables’ 5 and 6 show possible beta mappings for different enhanced uplink channel configurations.  Tables’ 7 and 8 show PAR and CM results for different Case 1 channel configurations. Note previously the BPSK case in row 1 of Table 7 had a CM of 0.40dB which is now 1.12dB due to restrictions in branch and channelization code choices needed to maintain R99/4/5 backward compatibility. Many of the cases in the Tables have slightly higher CM/PAR. 
Table 5 Betas for Case 1 and Avg Tx per packet=3

[image: image4.wmf]avgtx=3

avgtx=3

avgtx=3

avgtx=3

99%FER

99%FER

99%FER

99%FER

QPSK

QPSK

QPSK

QPSK

SF=2

SF=2

SF=2

SF=2

ER=0.75

ER=0.625

ER=0.50

ER-0.33

LT Ec/Nt_dpcch cmb.

-0.2

-1.5

-3.5

-6.3

dB

LT Eb/Nt_dpdch cmb.

1.0

0.5

-0.5

-1.5

dB

ST Ec/Nt_dpcch cmb.

-1.7

-2.2

-5.0

-7.8

dB

ST Eb/Nt_dpdch cmb.

-0.5

-1.0

-2.0

-3.0

dB

TFC --> 

2880

2400

1920

1280

Kbps

beta_d

6

6

6

6

beta_c

15

15

15

15

beta_hs

5.0

5.0

5.0

5.0

beta_eudpcch

5.0

5.0

5.0

5.0

beta_eudpdch

79

67

53

40

Ec/Nt total

0.0

-1.3

-3.3

-5.6

dB

DPCCH Ec/Nt

-17.5

-17.5

-17.5

-17.5

dB

DPDCH Ec/Nt

-25.5

-25.5

-25.5

-25.5

dB

HS Ec/Nt

-27.0

-27.0

-27.0

-27.0

dB

EU-DPCCH Ec/Nt

-27.0

-27.0

-27.0

-27.0

dB

EU-DPDCH Ec/Nt

-0.1

-1.5

-3.5

-6.0

dB

EUDCH Pwr Offset

17.4

16.0

14.0

11.5

dB


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 CM and PAR 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.

Table 8  Case 1-CM and PAR 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.
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� As described in [2], CM (like PAR) indicates a power offset needed to meet the -33dB ACLR requirement for different E-DCH configurations relative to the maximum power attainable for 12.2Kbps AMR speech while at -33dB ACLR. However, unlike PAR it is more accurate.
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		Modulation		SF		Ncodes		Rate Range		E-DPDCH TTI

		BPSK		4		1		<= 384Kbps		10ms

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

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

		QPSK		2,8		4		2.16Mbps - 4.80Mbps		2ms or 10ms






