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1.0 Introduction
In REL6 the EUL work item introduces a new modulation/multiplexing scheme and a number of additional UL code channels. Table 1 shows the number of code channels vs. the expected data rates 
Table 1  Information Rate Range for each EUL Modulation / coding scheme
	UL Ch type
	Mod.
	SF
	Nos. of codes
	UL Rate range
	MAX UL Rate  

	E-DPCH
	BPSK
	4
	1
	<= 384 Kbps
	768 Kbps, ER=0.8

	
	QPSK
	4
	2
	640 Kbps – 1.15 Mbps
	1.44 Mbps, ER=0.75

	
	QPSK
	2
	2
	1.28 Mbps – 2.16 Mbps
	2.92Mbps, ER=0.76

	
	QPSK
	2.,8
	4
	2.16 Mbps – 4.80 Mbps
	3.65Mbps, ER=0.76


These new code channels are in addition to existing codes channels specified in previous releases. If we now consider the total number of code channels the UE is required to support for the different releases/ features then this will now range from 1 in REL 99 to a maximum of 7 in REL6. This is shown in Table 2 

Table 2 Nos. of UL codes for different features / release
	Release 
	UL Ch type
	Nos. of codes
	UL Rate  range

	REL99
(ref)
	DPDCH/DPCCH
	2
	<= 384 Kbps

	REL99 + 5

(HSPDA)
	DPDCH/DPCCH 
+ HS-DPCCH
	3
	<= 384 Kbps

	REL99 + 6 *
(EUL)
	DPDCH/DPCCH 
+ E-DCH
	2 - 6
	640 Kbps - 4.80 Mbps

	REL99 + 5 + 6 *
(+HSDPA & EUL)
	DPDCH/DPCCH

+ HS-DPCCH 

+ E-DCH
	3 - 7
	640 Kbps - 4.80 Mbps


* If the E-DCH is code multiplexed into E-DPDCH and E-DPCCH then an additional code channel is needed
Introduction of these new UL code channels in REL6 will increase the CM/ (PAR) of the resulting transmitted signal. To support the change in CM/ (PAR) due to the additional codes requires an increase in PA RF headroom to avoid degradation in UE emission performance in terms of ACLR, spectrum mask and EVM.
Therefore in order to progress the work item we need to define the maximum increase in CM/PAR that a REL6 terminal is required to support and use this working assumption to develop both the physical layer and performance specification in the different RAN working groups. Some of the issues we need to consider in deriving this working assumption are listed below;

a) Choice of appropriate metric to determine the required PA RF headroom (CM/ PAR?)
b) UE impact due to an increase in CM/PAR 

c) Increase in CM/PAR for the different reference cases in REL6
This contribution looks at the above issue so we can define a working assumption for the maximum CM/ (PAR)
2.0 CM/PAR
In [1] “RAN1 believes another transmitter performance metric could be useful (to be used in conjunction or in place of peak to average power ratio (PAR)) as an indicator of the power change (or de-rating) compared to the maximum PA power level attainable for a given uplink modulation and channel configuration relative to a reference case (e.g. Release 99 12.2Kbps AMR speech) needed to meet the -33dB ACLR requirement. Note that this maximum PA power level may not be identical to the maximum power corresponding to the UE class.” 
The reason another performance metric is proposed to be used in the evaluation of physical channel configurations i.e. number of uplink codes for one UE and their relative powers, modulation… for FDD enhanced uplink is that it has been found that PAR does not always accurately reflect the impact of different uplink modulation and channel configurations on a given PA to meet the current ACLR requirement, especially if the Release 5 HS-DPCCH is one of the code channels.
A new metrics in [3] has been proposed called Cubic Metric (CM) which is a computational tool developed for evaluation of various signaling/modulation configurations and their potential impact on UE power headroom. This tool which is based on the third order nonlinearity of the amplifier’s gain characteristic is shown to be a much better predictor of power amplifier output power de-rating.   

Table 3 show the PAR and CM results reference to the voice case for different values of[image: image1.wmf]c

b

, [image: image2.wmf]d

b
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. In this case the PAR Metric (Traditional Approach) substantially under predicted the impact to UE power amplifier headroom for supporting the HS-DPCCH when measured on a typical amplifier where as the Cubic Metric (which is based on practical PA measurement) is a more effective predictor of the actual reduction in power capability, or power de-rating, of a typical power amplifier in a mobile handset.  
Figure 1 PAR and CM characteristic for different DPCCH, DPDCH, HS-DPCCH configurations
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In particular PAR under predicts the required headroom by a factor of 1 dB, i.e. PAR shows a max increase of 1.1 dB while CM shows an increase of 2.2 dB which has been verified by measurement. This difference has a significant impact on the UE emission performance if not accounted for in the performance specification or UE implementation.
3.0 Impact of CM/PAR for REL99/4/5/6

3.1
Current drain impact
In this section we look at the impact of PA current drain in order to support a higher CM value by considering the HSDPA REL5 scenario.  Figure 2 shows the increase in current drain vs. different combinations of[image: image5.wmf]c

b
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.  In particular the combinations of[image: image8.wmf]c
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 from Figure 1 relating to a CM value of 1 dB and 2 dB are highlighted 

Hence we see for a 1 dB increase in CM there is a corresponding increase of 1 dB in PA dimensioning and a 10% - 15 % increase in PA/transmitter current drain. In REL5 the UE is required to support this value since for CM > 1 dB there is an allowed reduction in output power as this has been found to have no impact on network deployment. This 10-15% increase in current drain would also be observed in the case when a REL5 UE is supporting a REL99 only service i.e. voice call (non HSDPA) since the PA headroom would need to be dimensioned to support the HSDPA case.   

Figure 2 also shows if a UE is required to support a CM = 2 dB then the corresponding increase in current drain would be approximately 25-30% as well as 2 dB increase in PA dimensioning 
Figure 2:  HSDPA impact on PA performance

[image: image11]
3.2
Post PA losses 
One aspect which also needs to be considered is the need to support the different operating bands for global roaming. In REL99 the case post PA filter losses can range from ~1.5dB for the UMTS-2100 band I (Europe/Japan) to ~3.5dB in the UMTS-1900 band currently deployed in the US. The increases in filter losses are due to the different duplexer bandwidth and spacing.  These losses plus additional post PA losses due to isolators, power detection and switching (multi-band operation UMTS/GSM) can easily add up to 6 dB. 

Increasing PA dimensioning to support an additional 2 dB of RF headroom would lead to practical constraints for some bands, particularly UMTS 850/1800/1900 where output power capability may be limited to UE power class 4. 
4.0 CM / PAR For different reference cases
This 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. 
4.1
Release 99/4/5 reference cases 

The Release 99/4/5 reference cases are given in Table 3.  Note that the first row in Table 3 is the REL99 12.2 Kbps AMR speech case and serves as the reference in calculating CM while the 3.01dB value is the PAR reference.
Table 3: CM and PAR for R99/4/5 Reference cases
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As shown in Fig 1 for other values of [image: image13.wmf]c

b

, [image: image14.wmf]d
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 the worst case increase in CM is ~2.2 dB. In TS25.101 this increase of 2 dB is mitigated by the mapping table shown in Table 4 
Table 4: UE maximum output powers with HS-DPCCH

	Ratio of [image: image16.wmf]c
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	Power Class 3
	Power Class 4

	
	Power

(dBm)
	Tol.
(dB)
	Power

(dBm)
	Tol.
(dB)

	1/15 ( (c/(d ( 12/15
	+24
	+1/-3
	+21
	+2/-2

	13/15 ( (c/(d ( 15/8
	+23
	+2/-3
	+20
	+3/-2

	15/7 ( (c/(d ( 15/0
	+22
	+3/-3
	+19
	+4/-2


4.2
Release 99/4/5/6 reference cases
The release 6 E-DCH CM/PAR characteristic is complicated due to whether the E_DPCCH and E-DPDCH are time or code multiplexed and due to the many possible EUL configurations.  Some examples shown in Table 5 highlight when the E—DPDCH and E-DPCCH are code or time multiplexed and when either a 12.2 kbps conversational service ([image: image19.wmf]d

b

=15 or 8) or 64 kbps conversational ([image: image20.wmf]d

b

=21, 14 or 8) are supported on the DCH (similar to [1]).
Table 5: CM and PAR for R99/4/5 Reference cases
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In this case the CM for the 64 kbps reaches almost 2 dB as does PAR. As we have seen in the case of the REL5 work item the support of such high values of CM/PAR has an adverse impact in terms of current drain, support of other frequency bands and REL99 services.
So to mitigate the impact of higher CM/ PAR it is proposed for cases with CM > 1dB to reduce UE maximum output power by the same amount that CM exceeds 1dB. 
5.0 Conclusion

The total number of code channels the UE is required to support for the different releases/ features will now range from 2 in REL 99 to 7 in REL6 (and up to 8 if the E_DCH is code multiplexed and more if an additional dedicated pilot channel is included). These new UL code channels will increase the CM/ (PAR) of the resulting transmitted signal and will require a corresponding increase in the PA RF headroom if the UE emission performance in terms of ACLR, spectrum mask and EVM is to be maintained. 
In our analysis it has been found that PAR does not always accurately model the increase in PA RF head room whereas the Cubic Metric is a more accurate predictor of the actual reduction in power capability, or power de-rating, of a typical power amplifier in a mobile handset as verified by measurement [1,3].  Hence we propose CM data is presented in addition to PAR

A 1 dB increase in CM requires a corresponding increase of 1 dB in PA dimensioning and a 10 % - 15 % increase in PA/transmitter current drain.  This increase in current drain would also be applicable in the case when the UE is supporting a REL99 service i.e. voice call (non HSDPA) compared to a REL99 terminal
It is proposed that RAN4 adopt as a working assumption for REL6 that a maximum value of CM =1 dB is required to be implemented and for CM > 1 dB, there is a corresponding reduction in maximum output power.
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