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1 Introduction
A working proposal for 16QAM CDE requirement was presented in WG4 meeting #43 [4]. The requirement would be applicable for all beta factor combinations in RAN1 specifications [1] unless there are further restrictions in RAN4 specifications.
E-DPCCH boosting:

For E-DPCCH boosting RAN1 specifications allow 3400 different combinations (10*17*20= 3400)

· ∆T2TP = 10 dB to 16 dB restriction set by RAN1 drops the number of supported combinations down to 690

· Additional restriction of the CDP ratio to -35dB and ECDP ratio to -35dB drops the number of supported cases to 580

· ∆T2P is 17 to 34dB. This is also the size of the power step when EDCH is active.

· Additional restriction of the CDP ratio to -30dB and ECDP ratio to -30dB drops the number of supported cases to 407

· ∆T2P is 17 to 30dB. This is also the size of the power step when EDCH is active.

Non E-DPCCH boosting:

For Non E-DPCCH boosting RAN1 specifications allow 630 different combinations (10*9*7= 630)

· RAN1 has not set any restrictions on supported ∆T2TP range for Non E-DPCCH boosting case. The ∆T2TP is 2 dB to 15.3 dB and ∆T2P is 10 dB to 16 dB

· Restricting the CDP ratio to -35 or -30dB and ECDP ratio to -35 or -30 does not limit the number of supported cases

· ∆T2P is 10 to 16dB. This is also the size of the power step when EDCH is active.

This document analyses the requirement from the UE implementation perspective and shows simulated CDE values for UE transmitter with realistic IQ-impairments.

2 Discussion
2.1 Draft CR
The draft CR proposed following:
CDP accuracy:

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 ≥ -30 dB
	±3.0


CDE:

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 linear average of the Relative Code Domain Errors measured individually on each of the codes using 16QAM shall meet the requirements in Table 6.15C for the parameters specified in Table 6.15.  For the purposes of evaluating the requirements specified in Table 6.15C, the ECDP value is determined as the minimum of the individual ECDP values corresponding to the codes using 16QAM. 
Table 6.15C: Relative Code Domain Error minimum requirement

	ECDP dB
	Average Relative Code Domain Error dB

	-24 < ECDP
	≤ -18

	-30 ≤ ECDP ≤ -25
	≤ [-43,-44] - ECDP

	ECDP < -30
	No requirement


In the table 6.15B the value -40 corresponds to 17.5% EVM with 2dB IM and in the table 6.15C value -43 corresponds to 12.5% EVM with 2dB IM assuming white noise like error. The figure below shows the proposal in graphical format.
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2.2 Simulator model of UE transmitter

The block diagram of UE transmitter model is shown in the figure below. The model consists on digital base band and analog transmitter chain where most important noise sources and impairments are modelled. In the results presented in this contribution the impacts of band filters have not been modelled. The ripple and group delay distortion of pre PA and duplex filters cause however significant EVM on some of the frequency variants in 3GPP specifications.
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Figure 1. Block diagram of UE transmitter model.

The simulated composite EVM for all possible beta combinations for E-DPCCH boosting case is shown below i.e. the composite EVM for simulated signals is 10.5%.
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Figure 2. Simulated composite EVM.
2.3 CDE Simulation results – E-DPCCH boosting
Simulated CDE for all code combinations:
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Figure 3. E-DPCCH boosting, CDE for all beta combinations
When restrictions in RAN1 specifications are taken into account the results look following:
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Figure 4. E-DPCCH boosting, CDE for all allowed beta combinations
And finally when restrictions in proposed CR are included the results look following:
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Figure 5. E-DPCCH boosting, CDE for all allowed beta combinations and all codes having ECDP ≥ -30dB

The simulations show that:
1. ∆T2TP = 10 dB to 16 dB restriction rules out the beta combinations that are the problematic from code spur perspective
2. Despite 10.5% composite EVM the CDE performance of the E-DPDCH channels is just barely meeting the 12.5% curve. This clearly shows that the most usual IQ-impairments do not cause EVM that would have flat error spectrum in code space.
2.4 CDE Simulation results – Non E-DPCCH boosting

Simulated CDE for all code combinations:
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Figure 6. Non E-DPCCH boosting, CDE for all beta combinations
The simulations show that:

1. Despite 10.5% composite EVM the CDE performance of the E-DPDCH channels is just barely meeting the 12.5% curve. This clearly shows that the most usual IQ-impairments do not cause EVM that would have flat error spectrum in code space.
2.5 Impact of RF band filters

The analysis above did not include the impacts of band filters. The EVM of UMTS900 duplex filter TX path is provided as an example below. What needs to be remembered that duplex arrangements in UMTS850 are challenging, but they are not the most challenging ones. Therefore the performance of UMTS1900, UMTS1800 and UMTS900 is expected to be even worse than what is shown here.

What should be noted that the EVM of the filter alone can get as high as few percentages, which then means that composite EVM of the filter and the transmitter that was used in the simulations gets close to 12.5%.
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Figure 7. EVM of UMTS850 duplex filter TX path and EVM of whole TX chain including duplex filter
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Figure 8. CDE of FRC 8 [5] with noisy transmit chain and UMTS850 duplex filter.
3 Conclusions

The results above show that with realistic IQ-impairments and other errors in TX chain it’s not possible to meet the theoretical CDE performance derived from 17.5% and 12.5% EVM even if composite EVM for simulated transmitter chain is only 10.5%. The results indicate the realistic TX impairments do not cause flat error contribution in code domain and therefore at least few dB implementation margin is needed. The simulations with realistic transmitter model including the transmit filters show that the filters will further increase the EVM but the impacts are quite low. It should be however remembered that worst case filtering was not used and therefore the performance can get slightly worse on frequency variants with more challenging duplex arrangements.
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