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1
Introduction
In RANWG4 #51, an Ad-Hoc meeting on DC-HSUPA was held, a summary of which was captured in [1]. The topic of specifying requirements for the transmitter characteristics for a DC-HSUPA UE was mainly discussed in this meeting. A few working assumptions were agreed upon and some items were listed as FFS. In this document, we attempt to address the following issues associated with three of these transmitter characteristics, namely UE Relative Code Domain Power Accuracy (RCDPA), Error Vector Magnitude (EVM) and Relative Code Domain Error when the UE is configured in DC-HSUPA mode.
· Do we need to introduce a test requirement for the case when the carrier powers are imbalanced?

· Do we need an additional LO leakage requirement when configured in dual carriers?

We also provide text proposals for 25.101 on these 3 transmitter characteristics.

2
Agreements from last meeting
Below we paste the relevant portion of the Ad-Hoc meeting minutes [1]:

UE relative code domain power accuracy

· whether or not the requirements for UE relative code domain power accuracy could be made applicable for each UL carrier individually

· FFS whether the measured total power of all active codes is a per-carrier measurement or whether it corresponds to all active codes across both carriers. 

· power imbalance between the two carriers, need for relaxation of the requirement for the weaker carrier

Agreed way forward:  working assumption is per carrier requirement

Error Vector Magnitude

· reuse the same definition of EVM as defined for the single carrier case ?

· imbalance between the two carriers ==> relaxation in EVM requirement for the weaker carrier ?

Agreed way forward:  working assumption is to start with existing requirements with balanced carrier powers, power imbalance case is FFS  

Relative Code Domain Error

· re-use definition ? 

· how to reflect power imbalance ?

· LO leakage requirement ?

Agreed way forward: 

· per carrier requirement

· working assumption is to start with balanced carrier powers, power imbalance FFS
· investigate need for LO requirements

3
Requirement in the presence of carrier power imbalance
Carrier power imbalance at the UE is bound to occur in DC-HSUPA systems for the following reasons:
· Serving E-DCH grants may not be the same in the same carrier. This depends on the MAC-e scheduler policy.
· The uplink load may not be the same on the same carrier. As a result, due to power control, the required DPCCH (pilot) power level to overcome the load in each carrier may differ.

· Due to power headroom limitation, the UE may not be able to fulfil the serving E-DCH grants on both carriers. Hence the E-TFC Selection algorithm at the UE may result in the selection of a different TBS on each carrier and hence a different traffic to pilot power ratio on each carrier.

· Every slot, the UE invokes a power scaling algorithm between the carriers whenever the total transmit power exceeds the maximum power limit.

· HS-DPCCH is only transmitted in the anchor carrier.

It has been shown in [5], based on a detailed simulation study that the carrier power imbalance can range from 4dB to 18dB. As a result, there seems to be a need to specify a UE RF requirement for DC HSUPA in the presence of carrier imbalance.
For quadrature modulators in modern direct conversion transmitters, in the presence of I/Q imbalance, a power imbalance between the adjacent carrier’s results in a residual side band image that appears as an in-band emission. As a result this component can lead to a source of error in the transmitted signal which is a function of the amount of power imbalance between the two carriers. However, we believe that for this case, a test similar to the in-band emissions test in [3] is more appropriate and represents a direct measure of the effect of the residual side band image due to I/Q imbalance. 

When the powers across the carriers are balanced, the impact due to residual side band image (I/Q imbalance) does not arise and this in turns allows us to test the quality of the signal in each of the transmitted carriers against the existing core requirements, as is expected for the case when a single carrier is configured on the uplink.

Hence we conclude that it is enough to test UE RCDPA, EVM and RCDE for the balanced carrier power case only.
4
Need for LO Leakage Requirement
In this section we discuss the need for an LO leakage requirement for DC-HSUPA.

As seen in Figure 1, since the carriers are adjacent in the case of DC-HSUPA, and we assume a single transmit chain with the local oscillator (LO) tuned to the centre of the two assigned channel frequencies ωL and ωH as shown in Figure 1, the spectrum of the RF signal is shown in Figure 2. The LO leakage appears in the guard band of the two carriers centred at (ωL+ωH)/2, and in the frequency region 1kHz to a few MHz from this centre, where Leeson’s Equation applies, the phase noise slope is ‐6 dB/ octave, which is the same as ‐20dB/decade. Given this, we can predict the phase noise improvement of ~50dB between 1KHz and ~ 0.5 MHz. 
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Figure 1: Uplink modulation for dual-carrier uplink operation on adjacent carriers
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Figure 2: DC-HSUPA Spectrum: LO Leakage

Furthermore, at the NodeB receiver, this LO leakage component could appear as a narrowband interferer ~2.5 MHz away from the centre frequency of each carrier (F1 or F2) in the NodeB receiver thereby leading to a potential blocking impact on the NodeB receiver.
However, if we assume an LO leakage requirement of -17dBc (as is the requirement for the single carrier case, when UL 16QAM is transmitted on the uplink), then this component is significantly weaker than typically assumed in NodeB core receiver blocking performance requirements. For example, we cut and paste below Table 7.5 from 25.104[6]. In this Table, the interferer is a GMSK signal and is 68 dB stronger than the wanted signal power.

Table 7.5: Blocking performance requirement (narrowband) for Wide Area BS

	Operating Band
	Center Frequency of Interfering Signal
	Interfering Signal mean power
	Wanted Signal mean power
	Minimum Offset of Interfering Signal
	Type of Interfering Signal

	II
	1850 ‑ 1910 MHz
	- 47 dBm
	-115 dBm 
	2.7 MHz
	GMSK modulated*

	III
	1710 - 1785 MHz
	- 47 dBm
	-115 dBm 
	2.8 MHz
	GMSK modulated*

	IV
	1710 - 1755 MHz
	- 47 dBm
	-115 dBm 
	2.7 MHz
	GMSK modulated*

	V
	824 - 849 MHz
	- 47 dBm
	-115 dBm 
	2.7 MHz
	GMSK modulated*

	VIII
	880 - 915 MHz
	- 47 dBm
	-115 dBm 
	2.8 MHz
	GMSK modulated*

	X
	1710 - 1770 MHz
	- 47 dBm
	-115 dBm 
	2.7 MHz
	GMSK modulated*

	XII
	698 - 716 MHz
	- 47 dBm
	-115 dBm 
	2.7 MHz
	GMSK modulated*

	XIII
	777 - 787 MHz
	- 47 dBm
	-115 dBm 
	2.7 MHz
	GMSK modulated*

	XIV
	788 - 798 MHz
	- 47 dBm
	-115 dBm 
	2.7 MHz
	GMSK modulated*

	NOTE *:
GMSK modulation as defined in TS 45.004 [5].


Based on the above discussion, since there already exists a core specification requirement of -17dBc for the LO leakage requirement in the single carrier case as specified in [2], Section 6.8.2.1, we conclude that there is no need to introduce an additional LO leakage requirement for DC-HSUPA.

5
Common Set of Proposals
Based on the discussion in Sections 3 and 4, we propose a common set of proposals, for the following 3 UE transmitter characteristics in the case of DC-HSUPA:

· UE relative code domain power accuracy (UE RCDPA)
· Error Vector Magnitude (EVM)

· Relative code domain error (RCDE)
These characteristics reflect the accuracy and fidelity of the transmitted signal quality in a given carrier. 

For each of these transmitter characteristics, we propose the following for a UE configured in DC-HSUPA mode:
Proposal 1: The transmitter power is balanced across the two carriers
Proposal 2: Requirements should be made applicable for each UL carrier individually
Proposal 3: The measurement involved in each of these transmitter characteristics is a per‐carrier measurement
Proposal 4: Reuse existing single carrier core test requirement as specified in 25.101 for each of the dual adjacent carriers configured on the uplink.
In the following sections, we provide text proposals for 25.101 for each of these core requirements in order to accommodate the DC-HSUPA feature.
6
UE Relative code domain power accuracy
We provide below a text proposal for 25.101 on UE Relative code domain power accuracy that applies to both single cell and dual cell operation on the uplink.

--------------------------- Sections Omitted ----------------------------------------------------
6.2.3
UE Relative code domain power accuracy

The UE Relative code domain power accuracy test requirement applies to the case when the UE is configured on a single carrier or on dual adjacent carriers in the uplink. In the case the UE transmits on dual adjacent carriers on the uplink, the requirement and corresponding measurements apply to each individual carrier. 

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 in a carrier relative to the total power of all active codes in that carrier. When the UE uses 16QAM modulation on any of the uplink code channels in a carrier, the IQ origin offset power measured in that carrier shall be removed from the Measured CDP ratio in that carrier; however, the removed relative IQ origin offset power (relative carrier leakage power) measured in that carrier also has to satisfy the applicable requirement in the carrier. The measure of accuracy is the difference between two dB ratios measured in each of the carriers configured on the uplink:

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 in each carrier 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 in a carrier and of noise in the signal that falls on inactive codes.

The required accuracy of the UE relative CDP is given in table 6.1B. 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 6.1B: 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


7
Error Vector Magnitude
We provide below a text proposal for 25.101 on Error Vector Magnitude that applies to both single cell and dual cell operation on the uplink.
--------------------------- Sections Omitted ----------------------------------------------------
6.8
Transmit modulation

Transmit modulation defines the modulation quality for expected in-channel RF transmissions from the UE. The requirements apply to all transmissions including the PRACH pre-amble and message parts and all other expected transmissions. In cases where the mean power of the RF signal is allowed to change versus time e.g. PRACH, DPCH in compressed mode, change of TFC, inner loop power control and for HSDPA transmissions with non-constant HS-DPCCH code power, the EVM, Peak Code Domain Error and E-DCH Code Domain Error requirements do not apply during the 25 us period before and after the nominal time when the mean power is expected to change.

6.8.1
Transmit pulse shape filter

The transmit pulse shaping filter is a root-raised cosine (RRC) with roll-off =0.22 in the frequency domain. The impulse response of the chip impulse filter RC0(t) is:
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Where the roll-off factor =0.22 and the chip duration is 
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6.8.2
Error Vector Magnitude
The Error Vector Magnitude test requirement applies to the case when the UE is configured on a single carrier or on dual adjacent carriers in the uplink. In the case the UE transmits on dual adjacent carriers on the uplink, the requirement and corresponding measurements apply to each individual carrier when the carrier powers are balanced.
The Error Vector Magnitude is a measure of the difference between the reference waveform and the measured waveform. This difference is called the error vector. Both waveforms pass through a matched Root Raised Cosine filter with bandwidth 3,84 MHz and roll-off =0,22. Both waveforms are then further modified by selecting the frequency, absolute phase, absolute amplitude and chip clock timing so as to minimise the error vector. The EVM result is defined as the square root of the ratio of the mean error vector power to the mean reference power expressed as a %. 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. For the PRACH preamble the measurement interval is 4096 chips less 25 μs at each end of the burst (3904 chips).
When the UE uses 16QAM modulation on any of the uplink code channels in a carrier, the error minimization step also includes selecting an IQ origin offset besides selecting the frequency, absolute phase, absolute amplitude and chip clock timing to minimise the error vector.  The IQ origin offset shall be removed from the evaluated signal before calculating the EVM; however, the removed relative IQ origin offset power (relative carrier leakage power) also has to satisfy the applicable requirement.  

For signals containing more than one spreading code in a carrier where the slot alignment of the codes is not the same and the code power is varying, the period over which the nominal mean power in that carrier remains constant can be less than one timeslot. For such time-varying signals it is not possible to define EVM across one timeslot since this interval contains an expected change in mean power, and the exact timing and trajectory of the power change is not defined. For these signals, the EVM minimum requirements apply only for intervals of at least one half timeslot (less any 25μs transient periods) during which the nominal code power of each individual code is constant.

NOTE:
The reason for setting a lower limit for the EVM measurement interval is that for any given impaired signal, the EVM would be expected to improve for measurement intervals less than one timeslot while the frequency error would be expected to degrade. 
6.8.2.1
Minimum requirement

When 16QAM modulation is not used on any of the uplink code channels in a carrier, the Error Vector Magnitude in that carrier shall not exceed 17.5 % for the parameters specified in Table 6.15. 

When 16QAM modulation is used on any of the uplink code channels in a carrier, the modulation accuracy requirement in that carrier shall meet one or both of the following requirements:

1.
The Error Vector Magnitude does not exceed 14 % for the parameters specified in Table 6.15. 

2.
The Relative Code Domain Error requirements specified in 6.8.3a are met. 

The requirements are applicable for all values of βc, βd, βhs, βec and βed as specified in [8].
Table 6.15: Parameters for Error Vector Magnitude/Peak Code Domain Error

	Parameter
	Unit
	Level

	UE Output Power, no 16QAM
	dBm
	( -20

	UE Output Power, 16QAM
	dBm
	( -30

	Operating conditions
	
	Normal conditions

	Power control step size
	dB
	1

	Measurement period
(Note 1)
	PRACH
	Chips
	3904

	
	Any DPCH
	
	From 1280 to 2560
(Note 2)

	Note 1:
Less any 25μs transient periods

Note 2:
The longest period over which the nominal power remains constant


When 16QAM modulation is used on any of the uplink code channels when the UE is configured on a single carrier in the uplink, the relative carrier leakage power (IQ origin offset power) shall not exceed the values specified in Table 6.15a 

Table 6.15a: Relative Carrier Leakage Power
	UE Transmitted Mean Power
	Relative Carrier Leakage Power (dB)

	P ( -30 dBm
	< -17


8
Text proposal for 25.101 on Relative code domain error
We provide below a text proposal for 25.101 on Relative code domain error that applies to both single cell and dual cell operation on the uplink.
--------------------------- Sections Omitted ----------------------------------------------------
6.8.3a
Relative code domain error 

6.8.4a.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 in a carrier, 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 in a carrier, 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 < -30 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 in a carrier, the Relative Code Domain Error in that carrier 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

	-21 < ECDP
	≤ -16

	-30 ≤ ECDP ≤ -21
	≤ -37 - ECDP

	ECDP < -30
	No requirement


When 16QAM is used on any of the UL code channels in a carrier, the Relative Code Domain Error of the codes not using 16QAM in that carrier 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

	-22 < ECDP
	≤ -18

	-30 ≤ ECDP ≤ -22
	≤ -40 - ECDP

	ECDP < -30
	No requirement


When 16QAM is used on any of the UL code channels in a carrier, the Nominal CDP Ratio-weighted average of the Relative Code Domain Errors measured individually on each of the codes using 16QAM in that carrier shall meet the requirements in Table 6.15D for the parameters specified in Table 6.15. The Nominal CDP Ratio-weighted average of the Relative Code Domain Errors means the sum  
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 over all code k that uses 16QAM.  

For the purposes of evaluating the requirements specified in Table 6.15D, the ECDP value is determined as the minimum of the individual ECDP values corresponding to the codes using 16QAM. 

Table 6.15D: Relative Code Domain Error minimum requirement

	ECDP dB
	Average Relative Code Domain Error dB

	-25.5 < ECDP
	≤ -18

	-30 ≤ ECDP ≤ -25.5
	≤ -43.5 - ECDP

	ECDP < -30
	No requirement


9
Conclusions
In this contribution, we have discussed the need to specify a test requirement in the presence of carrier power imbalance as well as the need for a LO leakage requirement in the case of DC-HSUPA. Furthermore, a common set of proposals were made for UE RCDPA, EVM and RCDE when a UE is configured in DC-HSUPA mode:
Proposal 1: The transmitter power is balanced across the two carriers

Proposal 2: Requirements should be made applicable for each UL carrier individually
Proposal 3: The measurement involved in each of these transmitter characteristics is a per‐carrier measurement
Proposal 4: Reuse existing single carrier core test requirement as specified in 25.101 for each UL carrier
These proposals ensure that a UE can be tested against existing core specification requirements on a per-carrier basis, thereby ensuring that the UE’s transmit waveform in each of the dual adjacent carriers meets the same requirements as defined for the case when the UE is configured on a single carrier in the uplink. In addition, in order to address the impact caused by carrier power imbalance, we propose that a new test requirement similar to the in-band emissions test in [3] be defined since such a test requirement would represent a direct measure of the effect of the residual side band image due to I/Q imbalance. Furthermore, we concluded that there is no need to introduce an LO leakage requirement for DC-HSUPA. Finally, text proposals were provided for 25.101 on UE RCDPA, EVM and RCDE that applies to both single cell and dual cell operation on the uplink.
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