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Introduction

In RAN4 #42 (St. Louis, USA),  link simulation results for enhanced UL with different levels of TX-EVM were provided [2]. It was suggested that a composite EVM of 12.5% would be sufficient to guarantee good performance in terms of throughput. A draft CR proposing to set this requirement was also presented in [1]. Objections were made to the proposal, suggesting that the requirement should be formulated as a Relative Code Domain Error (RCDE).
Composite EVM and Relative CDE
If the EVM is modeled as white noise, there exists a simple one to one relationship between composite EVM as stated in Equation 1,

(1) Relative CDE = 20*log10(EVM) - Nominal CDP ratio – 10*log10(SF) – 3 dB.
Current requirement

16-QAM modulation in the uplink poses new requirements on the UE transmitters. The current requirement is shown in Figure 1.  Note that for ECDP < -30 there is no requirement. For ECDP > -21, the requirement is flat at -16 dB. When introducing 16-QAM modulation in the uplink, there are three important issues with the current requirement that needs to be looked into:

1) The codes using 16QAM will have a more sensitive modulation that needs to be protected with a more stringent requirement.

2) The pilot codes will be boosted in power to ensure good channel estimation. It will later be shown that the ECDP of the pilot codes will lie in the range of [-10 to -17] dB. This will be the case both for the case of boosting DPCCH as well as for the case of boosting E-DPCCH. In order to secure a high signal to noise ratio on the pilot codes, the flat part of the current requirement for ECDP > -21 needs to be adressed.
3) For the case of E-DPCCH boosting, the power of the DPCCH, will be low in comparison to the other channels. The maximum allowed ratio between the power on E-DPDCH and DPCCH will be [34] dB. This corresponds to an ECDP of -34 dB. In order to secure performance on DPCCH when using E-DPCCH boosting, the applicable range for the RCDE requirement needs to be increased to also cover the range of ECDP between [-34 to -30]. 
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	Figure 1. Current requirement on Relative CDE. For comparison, curves corresponding to composite EVM of 12.5 % and 17.5 % have been added. The conversion between composite EVM and Relative Code Domain Error was done with Equation 1.


Relative CDE requirement for codes using 16-QAM 
In [3], optimum beta factor settings were derived for the proposed FRC-8, for 16-QAM UL transmission. The resulting FRC with beta factors is shown in Table 1.
Table 1: FRC-8 with optimized beta factors. 
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DPCCH 256 0,00 1,00 -17,18 -17,18

E-DPCCH 256 -3,44 0,45 -20,62 -20,62

E-DPDCH

1

2 12,28 16,90 -4,90 -25,97

E-DPDCH

2

2 12,28 16,90 -4,90 -25,97

E-DPDCH

3

4 9,28 8,47 -7,90 -25,96

E-DPDCH

4

4 9,28 8,47 -7,90 -25,96


Since in [1], TX EVM was modeled as white noise, Eq. (1) provides a valid conversion from composite EVM to Relative Code Domain Error on any one of the codes. The conversion and resulting requirement can be found in Table 2. 
Table 2: Conversion from composite EVM to Relative Code Domain Error, AWGN.
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DPCCH 256 0,00 1,00 -17,18 -17,18 -27,97

E-DPCCH 256 -3,44 0,45 -20,62 -20,62 -24,53

E-DPDCH

1

2 12,28 16,90 -4,90 -25,97 -19,17

E-DPDCH

2

2 12,28 16,90 -4,90 -25,97 -19,17

E-DPDCH

3

4 9,28 8,47 -7,90 -25,96 -19,19

E-DPDCH

4

4 9,28 8,47 -7,90 -25,96 -19,19


As can be seen the conversion of 12.5% EVM translates to a Relative Code Domain Error of around -19 dB. Simulation results for FRC8 using the simulation assumptions from [2], with TX EVM translated to Relative Code Domain Error on the 16-QAM codes are shown in Figure 2. In order to limit the performance loss, we propose a requirement on all 16-QAM modulated codes at RCDE < -19 dB. 
Due to restrictions in allowed beta factors in RAN WG1 that will be discussed in the following section, the requirement on RCDE only needs to be applicable for a small range around ECDP = -26 dB, e.g -27 < ECDP < -25. 
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	Figure 2 Throughput loss for different values of Relative Code Domain Error. FRC 8. TX EVM modeled as white noise.


Relative Code Domain Error for codes not using 16-QAM 
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. E-DPCCH boosting is more favourable from a system capacity point of view, but poses slightly more stringent requirement on UE Relative Code Domain Error. When discussing the needed changes to the requirement on RCDE for codes not using 16-QAM, we will focus on the E-DPCCH boosting case. 

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) 

The worst case scenario for setting the RCDE requirement will be when T2P is at the maximum 34 dB while the T2TP is at its minimum value.  This case is analyzed at an Ec/N0 operating point of 15 dB , using an assumed requirement on RCDE for the DPCCH at -7 dB, and an assumed RCDE for the E-DPCCH at -16 dB (Table 3). As can be seen in this example, the SNR on the E-DPCCH is degraded by as much as 15 dB. The SNR on the DPCCH is degraded by a little more than 3 dB, but this seems ok, since an SNR of around 4 dB should be enough to recover the information carried over this channel.  In Table 4, the same example is shown, but with a significantly tigher requirement on the RCDE for the E-DPCCH channel, the proposed requirement corresponds to 17.5 % composite EVM converted to RCDE.
Table 3 Details for E-DPCCH boosting code-power setup,  assumed extension of the current requirement.
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E-DPCCH 256 0,00 1,00 -10,44 -10,44 31,64 -16,00 15,88 15,76

DPCCH 256 -24,00 0,00 -34,44 -34,44 7,64 -7,00 4,30 3,34

E-DPDCH

1

2 5,25 3,35 -5,19 -26,26 15,82 -19,00 14,12 1,71

E-DPDCH

2

2 5,25 3,35 -5,19 -26,26 15,82 -19,00 14,12 1,71

E-DPDCH

3

4 2,25 1,68 -8,19 -26,25 15,83 -19,00 14,12 1,71

E-DPDCH

4

4 2,25 1,68 -8,19 -26,25 15,83 -19,00 14,12 1,71

T2P 34,02

T2TP 10,01


Table 4 Details for E-DPCCH boosting code-power setup, proposed requirement.
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E-DPCCH 256 0,00 1,00 -10,44 -10,44 31,64 -31,78373 28,70 2,94

DPCCH 256 -24,00 0,00 -34,44 -34,44 7,64 -7,783735 4,70 2,94

E-DPDCH

1

2 5,25 3,35 -5,19 -26,26 15,82 -19,00 14,12 1,71
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2

2 5,25 3,35 -5,19 -26,26 15,82 -19,00 14,12 1,71
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3

4 2,25 1,68 -8,19 -26,25 15,83 -19,00 14,12 1,71

E-DPDCH

4

4 2,25 1,68 -8,19 -26,25 15,83 -19,00 14,12 1,71

T2P 34,02 Composite EVM on control channels 17,5

T2TP 10,01


Proposed requirement 
Codes using 16-QAM:
The proposal is for the requirement to correspond to a composite EVM of 12.5 %. 
	ECDP dB
	Relative Code Domain Error dB

	-25 < ECDP
	No requirement

	-27 ≤ ECDP ≤ -25
	≤-45.1 - ECDP

	ECDP < -27
	No requirement


Codes using BPSK modulation in a configuration containing codes using 16-QAM:

The proposal is for the requirement to correspond to a composite EVM of 17.5%. The range has been adjusted to protect usage of E-DPCCH boosting.

	ECDP dB
	Relative Code Domain Error dB

	-10< ECDP
	No requirement

	-34 ≤ ECDP ≤ -10
	≤-42.2 - ECDP

	ECDP < -35
	No requirement


Summary
The Relative Code Domain Error has been analyzed from a 16-QAM UL performance perspective. The conclusion is that tighter requirements are needed. In summary there are three different shortcomings of the current requirement:
1. The current requirement on CDE is not sufficient to secure performance for 16-QAM modulated codes

2. The applicable range of the current requirement is not sufficient to secure performance on the pilot channel. 

3. In case of E-DPCCH boosting, the applicable range of the current requirement is not sufficient to secure performance on the DPCCH channel.

A proposal of an updated requirement, securing the three issues above, has been provided.
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_1236719025.xls
FRCs

		

		"FRC8", no diversity, AWGN, E-DPCCH boosting case T2TP = 17 dB

		Ec/N0						15				Bd/Bc for SF4 in dB				9.25

																		Proposed CDE table

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

		E-DPCCH		256		0.00		1.00		-17.11		-17.11		24.97		-25.00		21.98		3.00

		DPCCH		256		-17.00		0.02		-34.11		-34.11		7.97		-7.00		4.45		3.52

		E-DPDCH1		2		12.25		16.79		-4.86		-25.93		16.15		-19.00		14.33		1.81

		E-DPDCH2		2		12.25		16.79		-4.86		-25.93		16.15		-19.00		14.33		1.81

		E-DPDCH3		4		9.25		8.41		-7.86		-25.92		16.16		-19.00		14.34		1.82

		E-DPDCH4		4		9.25		8.41		-7.86		-25.92		16.16		-19.00		14.34		1.82

						T2P		34.02

						T2TP		16.94

		"FRC8", no diversity, AWGN, E-DPCCH boosting case T2TP = 10 dB

		Ec/N0						15				Bd/Bc for SF4 in dB				2.25

																		Proposed CDE table

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

		E-DPCCH		256		0.00		1.00		-10.44		-10.44		31.64		-16.00		15.88		15.76

		DPCCH		256		-24.00		0.00		-34.44		-34.44		7.64		-7.00		4.30		3.34

		E-DPDCH1		2		5.25		3.35		-5.19		-26.26		15.82		-19.00		14.12		1.71

		E-DPDCH2		2		5.25		3.35		-5.19		-26.26		15.82		-19.00		14.12		1.71

		E-DPDCH3		4		2.25		1.68		-8.19		-26.25		15.83		-19.00		14.12		1.71

		E-DPDCH4		4		2.25		1.68		-8.19		-26.25		15.83		-19.00		14.12		1.71

						T2P		34.02

						T2TP		10.01





EVM

		E-DCH CDE corresponding to current EVM requirement

		EVM requirement:				0.175				0.175

		ECDP
(dB)		Es/N0
(dB)		ECDP
(dB)		Es/N0
(dB)

		-21		18.2216386794		-21		21.2216386794

		-24		15.2216386794		-24		18.2216386794

		-27		12.2216386794		-27		15.2216386794

		-30		9.2216386794		-30		12.2216386794
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FRCs

		

		Composite EVM (%)				12.5

		Physical
Channel		SF		βx/βc per
code (dB)		Rel power
(linear)		Nom CDP
ratio (dB)		ECDP
(dB)		Relative Code Domain Error

		DPCCH		256		0.00		1.00		-17.18		-17.18		-27.97

		E-DPCCH		256		-3.44		0.45		-20.62		-20.62		-24.53

		E-DPDCH1		2		12.28		16.90		-4.90		-25.97		-19.17

		E-DPDCH2		2		12.28		16.90		-4.90		-25.97		-19.17

		E-DPDCH3		4		9.28		8.47		-7.90		-25.96		-19.19

		E-DPDCH4		4		9.28		8.47		-7.90		-25.96		-19.19





EVM

		E-DCH CDE corresponding to current EVM requirement

		EVM requirement:				0.175				0.175

		ECDP
(dB)		Es/N0
(dB)		ECDP
(dB)		Es/N0
(dB)

		-21		18.2216386794		-21		21.2216386794

		-24		15.2216386794		-24		18.2216386794

		-27		12.2216386794		-27		15.2216386794

		-30		9.2216386794		-30		12.2216386794






_1236781369.xls
FRCs

		

		"FRC8", no diversity, AWGN, E-DPCCH boosting case T2TP = 17 dB

		Ec/N0						15				Bd/Bc for SF4 in dB				9.25

																		Proposed CDE table

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

		E-DPCCH		256		0.00		1.00		-17.11		-17.11		24.97		-25.00		21.98		3.00

		DPCCH		256		-17.00		0.02		-34.11		-34.11		7.97		-7.00		4.45		3.52

		E-DPDCH1		2		12.25		16.79		-4.86		-25.93		16.15		-19.00		14.33		1.81

		E-DPDCH2		2		12.25		16.79		-4.86		-25.93		16.15		-19.00		14.33		1.81

		E-DPDCH3		4		9.25		8.41		-7.86		-25.92		16.16		-19.00		14.34		1.82

		E-DPDCH4		4		9.25		8.41		-7.86		-25.92		16.16		-19.00		14.34		1.82

						T2P		34.02

						T2TP		16.94

		"FRC8", no diversity, AWGN, E-DPCCH boosting case T2TP = 10 dB

		Ec/N0						15				Bd/Bc for SF4 in dB				2.25

																		Proposed CDE table

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

		E-DPCCH		256		0.00		1.00		-10.44		-10.44		31.64		-31.7837348479		28.70		2.94

		DPCCH		256		-24.00		0.00		-34.44		-34.44		7.64		-7.7837348479		4.70		2.94

		E-DPDCH1		2		5.25		3.35		-5.19		-26.26		15.82		-19.00		14.12		1.71

		E-DPDCH2		2		5.25		3.35		-5.19		-26.26		15.82		-19.00		14.12		1.71

		E-DPDCH3		4		2.25		1.68		-8.19		-26.25		15.83		-19.00		14.12		1.71

		E-DPDCH4		4		2.25		1.68		-8.19		-26.25		15.83		-19.00		14.12		1.71

						T2P		34.02				Composite EVM on control channels								17.5

						T2TP		10.01

		Composite EVM -> RCDE conversion

		Nom CDP						-10.44		-10.44		-10.44		-34		-34

		composite EVM linear %						17.5		15		12.5		15		17.5

		SF						256		256		256		256		256

		CDE SF2 under AWGN assumption						-31.7816386794		-33.120574472		-34.704199393		-9.560574472		-8.2216386794





EVM

		E-DCH CDE corresponding to current EVM requirement

		EVM requirement:				0.175				0.175

		ECDP
(dB)		Es/N0
(dB)		ECDP
(dB)		Es/N0
(dB)

		-21		18.2216386794		-21		21.2216386794

		-24		15.2216386794		-24		18.2216386794

		-27		12.2216386794		-27		15.2216386794

		-30		9.2216386794		-30		12.2216386794
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		FRC8, no diversity, AWGN

		Ec/N0 @ 70% throughput (dB):						6				Bd/Bc for SF4 in dB				9.28

																		Proposed CDE table

		Physical
Channel		SF		βx/βc per
code (dB)		Rel power
(linear)		Nom CDP
ratio (dB)		ECDP
(dB)		Es/N0
(dB) Wrong def. of noise		Es/N0
(dB)		CDE
(dB)		Es/N0 incl CDE (dB)		Loss in SNR

		DPCCH		256		0.00		1.00		-17.18		-17.18		12.91		15.91		-19.82		14.43		1.48

		E-DPCCH		256		-3.44		0.45		-20.62		-20.62		9.47		12.47		-16.38		10.99		1.48

		E-DPDCH1		2		12.28		16.90		-4.90		-25.97		4.11		7.11		-19.00		6.84		0.27

		E-DPDCH2		2		12.28		16.90		-4.90		-25.97		4.11		7.11		-19.00		6.84		0.27

		E-DPDCH3		4		9.28		8.47		-7.90		-25.96		4.12		7.12		-19.00		6.85		0.27

		E-DPDCH4		4		9.28		8.47		-7.90		-25.96		4.12		7.12		-19.00		6.85		0.27





EVM

		E-DCH CDE corresponding to current EVM requirement

		EVM requirement:				0.175				0.175

		ECDP
(dB)		Es/N0
(dB)		ECDP
(dB)		Es/N0
(dB)

		-21		18.2216386794		-21		21.2216386794

		-24		15.2216386794		-24		18.2216386794

		-27		12.2216386794		-27		15.2216386794

		-30		9.2216386794		-30		12.2216386794






