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1 Introduction

CDP and CDE requirements for 16QAM UL are proposed in this document. These requirements have also been discussed in [1, 2].
2 Discussion
2.1 CDP ratio and ECDP range
Optimized beta factor settings for FRC 8, for 16QAM UL transmission were captured in [3].
	Physical
Channel
	SF
	βx/βc per
code (dB)
	Rel power
(linear)
	Nom CDP
ratio (dB)
	ECDP
(dB)
	Es/N0
(dB)

	DPCCH
	256
	0.00
	1.00
	-17.18
	-17.18
	24.91

	E-DPCCH
	256
	-3.44
	0.45
	-20.62
	-20.62
	21.47

	E-DPDCH1
	2
	12.28
	16.90
	-4.90
	-25.97
	16.11

	E-DPDCH2
	2
	12.28
	16.90
	-4.90
	-25.97
	16.11

	E-DPDCH3
	4
	9.28
	8.47
	-7.90
	-25.96
	16.12

	E-DPDCH4
	4
	9.28
	8.47
	-7.90
	-25.96
	16.12


The maximum CDP ratio in the configuration above is -20.6dB and maximum ECDP is -26.0dB. When these values are compared to existing CDP and ECDP requirements in 25.101 one can notice that CDP exceeds the range of existing requirement by 0.6dB but ECDP is within the existing requirement. Assuming that UE meets the existing CDP ratio requirements it’s not likely that performance with 0.6dB lower values is significantly worse and therefore extension of the requirement range is not seen mandatory. However, as it would be good to define test case for a configuration that is likely to be used in the real system it would be beneficial to extend the minimum range in a way that it also covers this combination of beta factors.
Table 6.1A: UE Relative CDP accuracy

	Nominal CDP ratio
	Accuracy (dB)

	≥ -10 dB
	±1.5

	-10 dB to ≥ -15 dB
	±2.0

	-15 dB ≥ -20 dB
	±2.5


Table 6.15A: Relative Code Domain Error minimum requirement

	ECDP dB
	Relative Code Domain Error dB

	-21 < ECDP
	≤ -16

	-30 ≤ ECDP ≤ -21
	≤ -37 - ECDP

	ECDP < -30
	No requirement


In RAN WG1, two different ways to boost the power of the pilot channel have been discussed, DPCCH boosting, by increasing the SIR target or E-DPCCH boosting. The E-DPCCH boosting will be optional feature in the networks.

The current working assumption in RAN WG1, for E-DPCCH boosting, is to restrict the so called "Traffic to total pilot ratio" (T2TP),  to 10-16 dB. T2TP is defined as:

T2TP = P(all E-DPDCHs) / P(E-DPCCH+DPCCH) 

Additionally, there is a restriction on the "Traffic to pilot ratio" (T2P) to 16-34 dB. T2P is defined as:

T2P = P(all E-DPDCHs) / P(DPCCH) 

With these boundary conditions two extreme channel configurations can be derived when T2P of 34dB is used. Both of these scenarios result in significantly lower CDP ratios and ECDP than what is covered with existing requirements. These extreme cases are however the worst case examples within the parameter range that has been discussed in RAN1.
E-DPCCH boosting, CASE 1, T2P2= 17dB.

	Physical
Channel
	SF
	βx/βc per
code (dB)
	Rel power
(linear)
	Nom CDP
ratio (dB)
	ECDP
(dB)
	Es/N0
(dB)

	DPCCH
	256
	0.00
	1.00
	-34.11
	-34.11
	7.97

	E-DPCCH
	256
	17.00
	50.12
	-17.11
	-17.11
	24.97

	E-DPDCH1
	2
	29.25
	841.40
	-4.86
	-25.93
	16.15

	E-DPDCH2
	2
	29.25
	841.40
	-4.86
	-25.93
	16.15

	E-DPDCH3
	4
	26.25
	421.70
	-7.86
	-25.92
	16.16

	E-DPDCH4
	4
	26.25
	421.70
	-7.86
	-25.92
	16.16

	
	
	
	
	
	
	

	T2P
	34.02
	
	T2P = P(all E-DPDCHs) / P(DPCCH)

	T2TP
	16.94
	
	T2TP = P(all E-DPDCHs) / P(E-DPCCH+DPCCH)


E-DPCCH boosting, CASE 1, T2P2= 10dB.

	Physical
Channel
	SF
	βx/βc per
code (dB)
	Rel power
(linear)
	Nom CDP
ratio (dB)
	ECDP
(dB)
	Es/N0
(dB)

	DPCCH
	256
	0.00
	1.00
	-34.44
	-34.44
	7.64

	E-DPCCH
	256
	24.00
	251.19
	-10.44
	-10.44
	31.64

	E-DPDCH1
	2
	29.25
	841.40
	-5.19
	-26.26
	15.82

	E-DPDCH2
	2
	29.25
	841.40
	-5.19
	-26.26
	15.82

	E-DPDCH3
	4
	26.25
	421.70
	-8.19
	-26.25
	15.83

	E-DPDCH4
	4
	26.25
	421.70
	-8.19
	-26.25
	15.83

	
	
	
	
	
	
	

	T2P
	34.02
	
	T2P = P(all E-DPDCHs) / P(DPCCH)

	T2TP
	10.01
	
	T2TP = P(all E-DPDCHs) / P(E-DPCCH+DPCCH)


Choosing the T2P value in the middle of the range from 16 to 34dB results in much more reasonable CDP ratio and ECDP. In the two cases shown below the CDP ratio goes down to -27dB and exceeds the existing range by 7dB, but ECDP stays within the range of current CDE requirement.
E-DPCCH boosting, CASE 3, T2P2= 17dB.
	Physical
Channel
	SF
	βx/βc per
code (dB)
	Rel power
(linear)
	Nom CDP
ratio (dB)
	ECDP
(dB)
	Es/N0
(dB)

	DPCCH
	256
	0.00
	1.00
	-27.12
	-27.12
	14.96

	E-DPCCH
	256
	10.00
	10.00
	-17.12
	-17.12
	24.96

	E-DPDCH1
	2
	22.25
	167.88
	-4.87
	-25.94
	16.14

	E-DPDCH2
	2
	22.25
	167.88
	-4.87
	-25.94
	16.14

	E-DPDCH3
	4
	19.25
	84.14
	-7.87
	-25.93
	16.15

	E-DPDCH4
	4
	19.25
	84.14
	-7.87
	-25.93
	16.15

	
	
	
	
	
	
	

	T2P
	27.02
	
	T2P = P(all E-DPDCHs) / P(DPCCH)

	T2TP
	16.61
	
	T2TP = P(all E-DPDCHs) / P(E-DPCCH+DPCCH)


E-DPCCH boosting, CASE 4, T2P2= 10dB.
	Physical
Channel
	SF
	βx/βc per
code (dB)
	Rel power
(linear)
	Nom CDP
ratio (dB)
	ECDP
(dB)
	Es/N0
(dB)

	DPCCH
	256
	0.00
	1.00
	-27.44
	-27.44
	14.64

	E-DPCCH
	256
	17.00
	50.12
	-10.44
	-10.44
	31.64

	E-DPDCH1
	2
	22.25
	167.88
	-5.19
	-26.27
	15.82

	E-DPDCH2
	2
	22.25
	167.88
	-5.19
	-26.27
	15.82

	E-DPDCH3
	4
	19.25
	84.14
	-8.19
	-26.26
	15.83

	E-DPDCH4
	4
	19.25
	84.14
	-8.19
	-26.26
	15.83

	
	
	
	
	
	
	

	T2P
	27.02
	
	T2P = P(all E-DPDCHs) / P(DPCCH)

	T2TP
	9.94
	
	T2TP = P(all E-DPDCHs) / P(E-DPCCH+DPCCH)


2.2 CDE requirement

The CDE requirement for 16QAM modulated codes can be derived by projecting the error vector to each of the used codes. Assuming that EVM resembles white noise it’s possible to produce following curves.
· Black curve in the figure below shows the current minimum performance requirement for CDE.

· Pink curve shows CDE of 12.5% EVM

· Blue curve shows CDE of 17.5% EVM
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In order to guarantee good performance for 16QAM modulated codes it’s proposed that: 

· The requirement is derived from the “Pink” curve, that is 12.5% EVM with 3dB IM. The requirement is limited to a minimum level of -18dB. For QPSK modulated codes the starting point should be “Blue” curve and 2dB IM should be used.
· The range for CDE requirement is the same as in existing specifications

· The range of CDP ratio is extended by 7dB. The CDP ratio accuracy +/-3dB should be used below -20dB level.

The requirements could be captured into 25.101 as follows:

6.2.3
UE Relative code domain power accuracy

The UE Relative code domain power accuracy is a measure of the ability of the UE to correctly set the level of individual code powers relative to the total power of all active codes. The measure of accuracy is the difference between two dB ratios:

UE Relative CDP accuracy = (Measured CDP ratio) - (Nominal CDP ratio)

where

Measured CDP ratio = 10*log((Measured code power) / (Measured total power of all active codes))

Nominal CDP ratio = 10*log((Nominal CDP) / (Sum of all nominal CDPs))

The nominal CDP of a code is relative to the total of all codes and is derived from beta factors. The sum of all nominal CDPs will equal 1 by definition.

NOTE:
The above definition of UE relative CDP accuracy is independent of variations in the actual total power of the signal and of noise in the signal that falls on inactive codes.

The required accuracy of the UE relative CDP is given in table 6.1A. The UE relative CDP accuracy shall be maintained over the period during which the total of all active code powers remains unchanged or one timeslot, whichever is the longer.

Table 6.1A: UE Relative CDP accuracy

	Nominal CDP ratio
	Accuracy (dB)

	≥ -10 dB
	±1.5

	-10 dB to ≥ -15 dB
	±2.0

	-15 dB ≥ -20 dB
	±2.5

	-20 dB ≥ -27 dB
	±3.0


6.8.3a
Relative code domain error 

6.8.3a.1
Relative Code Domain Error
The Relative Code Domain Error is computed by projecting the error vector (as defined in 6.8.2) onto the code domain. Only the code channels with non-zero betas in the composite reference waveform are considered for this requirement. The Relative Code Domain Error for every non-zero beta code in the domain is defined as the ratio of the mean power of the projection onto that non-zero beta code, to the mean power of the non-zero beta code in the composite reference waveform. This ratio is expressed in dB. The measurement interval is one timeslot except when the mean power between slots is expected to change whereupon the measurement interval is reduced by 25 μs at each end of the slot.
The Relative Code Domain Error is affected by both the spreading factor and beta value of the various code channels in the domain. The Effective Code Domain Power (ECDP) is defined to capture both considerations into one parameter. It uses the Nominal CDP ratio (as defined in 6.2.3), and is defined as follows for each used code, k, in the domain:

ECDPk = (Nominal CDP ratio)k + 10*log10(SFk/256)

When 16QAM is not used on any of the UL code channels, the requirements for Relative Code Domain Error are not applicable when either or both the following channel combinations occur:

-
when the ECDP of any code channel is < -30dB.
-
when the nominal code domain power of any code channel is < -20 dB
When 16QAM is used on any of the UL code channels, the requirements for Relative Code Domain Error are not applicable when either or both the following channel combinations occur:

-
when the ECDP of any code channel is < -30dB.
-
when the nominal code domain power of any code channel is < -27 dB
The requirement for Relative Code Domain Error also does not apply for the PRACH preamble and message parts.

6.8.3a.1.1
Minimum requirement

When 16QAM is not used on any of the UL code channels, the Relative Code Domain Error shall meet the requirements in Table 6.15A for the parameters specified in Table 6.15
Table 6.15A: Relative Code Domain Error minimum requirement 

	ECDP dB
	Relative Code Domain Error dB

	-21 < ECDP
	≤ -16

	-30 ≤ ECDP ≤ -21
	≤ -37 - ECDP

	ECDP < -30
	No requirement


When 16QAM is used on any of the UL code channels, the Relative Code Domain Error of the codes not using 16QAM shall meet the requirements in Table 6.15B for the parameters specified in Table 6.15.
Table 6.15B: Relative Code Domain Error minimum requirement

	ECDP dB
	Relative Code Domain Error dB

	-22 < ECDP
	≤ -18

	-30 ≤ ECDP ≤ -22
	≤ [-40] - ECDP

	ECDP < -30
	No requirement


When 16QAM is used on any of the UL code channels, the Relative Code Domain Error of the codes using 16QAM shall meet the requirements in Table 6.15C for the parameters specified in Table 6.15.
Table 6.15C: Relative Code Domain Error minimum requirement

	ECDP dB
	Relative Code Domain Error dB

	-24 < ECDP
	≤ -18

	-30 ≤ ECDP ≤ -25
	≤ [-42] - ECDP

	ECDP < -30
	No requirement


The proposed CDE requirements can be graphically illustrated as shown in figure below:
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3 Conclusions

The document shows that by using more conservative assumptions for T2P ratio there’s no need to make large modifications to the existing CDP ratio and CDE requirements as proposed in [2]. Proposal for new CDP ratio and CDE requirement is captured into section 2.2.
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