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1. Introduction
There have been a number of discussions in previous RAN4 meetings about the code domain error and code power error specifications.  Currently we have no applicable code domain specifications on HSUPA transmissions. The current EVM requirement is 17.5% (15 dB).  However there may be an expectation that if the EVM specification is 17.5% (15 dB) then the Code Domain Error (CDE), defined as the projection of the error vector onto any of the desired code channels, should be approximately 15 dB as well.  For example from Agilent’s R4-060193 contribution at RAN38 [1] it was indicated

“As a first suggestion, the existing 17.5% composite requirement could simply be applied per code. Whether allowances need to be made for different relative code power levels is unclear since if a code is set to be low this does not make its demodulation any easier in the node B hence relaxations on EVM for lower signals would degrade demod performance.”

In HSUPA there can be a wide variation in code channel powers which need to be supported in terms of UE EVM performance and Node B demodulation performance.  For the UE to guarantee 15 dB CDE on the code channels with low power, it would need substantially better than 17.5% EVM performance.  This also carries an implicit assumption that the Node B demodulation performance would be sufficient to support a code channel with a lower code power configuration.  If it did not, then the additional UE EVM capability could be lost in the Node B noise floor.  Another interpretation is the maximum variation in code channel power for the UE should be no worse than the current code power variation assumed in E-DCH demodulation performance specified in TS25.104.  
Clearly there is clarification needed in terms of required code channel performance.  This paper presents some simulation results demonstrating the issue as well as some proposals to address the issue through the specification.

2. SImulation results
The UE composite EVM is a result of the contributions of several different degradations.  For this study a distribution of errors was used resulting in a composite EVM of approximately 17.5%.  Other distributions are certainly possible, and equally valid, but we do not believe any realistic choice of error distribution will fundamentally affects the results.  The chosen distribution is shown in Table 1.
	Degradation
	EVM due to Degradation

	Quadrature distortion
	[a] %

	Filtering Distortion
	[b] %

	LO Noise Profile
	[c] %

	Non-Linearity
	[d] %

	Thermal Noise Floor
	[d] %

	Other contributions 
	[e] %


Table 1:  Example UE Error Distribution
Two HSUPA signal cases were also studied, representative of situations in which the code channel power ratios are high.  We define the code channel power ratio (CCPR) as:
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The first case has a high CCPR on the HS-DPCCH, representing a high uplink data rate on the E-DCH while sending NACK on the HS-DPCCH.  The second case has high CCPR on the DPDCH, representing sending SID while also sending a high uplink data rate on the E-DCH.  The standard RRC 12.2 kHz voice signal is also shown for comparison.  The channel configurations are shown in Table 2.  
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E-DPCCH

Signal 

Number

DPCCH

DPDCH

E-DPDCH

HS-DPCCH


Table 2:  Simulation Signal Cases

Based on the same statistical error distribution used in Table 1 for the different signals the EVM and Peak CDE (code channel with the highest CDE) results are shown in Table 3.

	Signal #
	Max CCPR (dB)
	EVM (%)
	Peak CDE (dB)

	1
	35.4
	17.2
	6.7

	2
	33.7
	16.4
	2.0

	3
	6.5
	16.3
	32.4


Table 3:  EVM and CDE Results
These results illustrate the large degradation in Peak CDE as the Max CCPR increases even though the composite EVM and performance characteristics of the UE have not changed.  Clearly, achieving 15 dB CDE will be very difficult across all code combinations currently defined, and would require a substantial improvement in the UE EVM performance over current requirements.
3. Recommendations

In order to address this situation some possible options are:
1) As part of the requirement for code domain errors, we consider a separate additional requirement for situations where the CCPR is large.  This could be addressed through a specification that allows a dB for dB degradation in CDE as the CCPR increases above some threshold, for example.  In this case, operators should avoid using these beta configurations as the SNR on the low code channel powers could be degraded.
2) An alternative approach is to define in the specification certain low beta selections for DPCCH, DPDCH, HS-DPCCH, and E-DPCCH would be disallowed based on the E-DPDCH beta settings.  We could then set one spec for code domain error that would apply to all allowed beta cases, and the operators/networks could be assured of a particular level of SNR on any code channel allowed by the modified specification. 
In either case there should be little impact on network performance with the adoption of these recommendations.  If one were to choose beta combinations leading to more reasonable CCPR values, say 20 dB or less, the only consequence would be a slight increase in UE TX power.  In the case of signal 1 above this could be accomplished by setting the HS-DPCCH beta to 30/15 instead of 5/15.  This would only cause an increase in TX power of 0.04 dB, which is negligible.
4. cONCLUSION
The UE code domain and EVM performance is substantially impacted by the need to support high CCPR cases defined in the current specification.  Without significant improvement in the composite EVM performance of the UE, high CCPR channel combinations cannot be supported with good code channel signal quality.  This will add cost and complexity to the UE, and does not seem to provide any network benefit.  We also believe a similar issue will exist in the Node B receivers as they try to demodulate these channel combinations.
We recommend option 2 above because it eliminates high CCPR cases from the specification.  This removes the possibility of poor field performance due to incorrect settings with no consequence to network interference from UE power levels.  The exact definition of the channel combinations to be eliminated is for further study.
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