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1
Introduction
In [1], a work item was open on Dual-Cell HSUPA (DC-HSUPA). In this document, we perform an analysis and study the impact of DC-HSUPA on the core UE transmitter characteristics as defined in 25.101 [2].
2
Assumptions

In the impact analysis performed here for DC-HSUPA on adjacent frequencies, we assume a single RF transmitter front end as shown in Figure 1 below.
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Figure 1: Intra-band DC-HSUPA UE Transmitter: High Level Block Diagram

As seen in Figure 1, we assume the following for the purpose of analysis of impact to UE transmitter characteristics in the remainder of the document:

· Two Square Root Raised Cosine (SRRC) filters

· Two Digital Oscillators (+/- 2.5MHz)

· 1 Digital to Analog Converter (DAC)

· 1 Analog Low Pass Filter (LPF)

· 1 RF local oscillator tuned to the center of the two adjacent frequencies

· 1 Power Amplifier (PA)

· 1 Transmit Antenna
3
Analysis of UE Transmitter Characteristics
In this section we perform an analysis of UE transmitter characteristics due to the introduction of DC-HSUPA. In particular, we analyze each of the existing UE transmitter characteristics as specified in 25.101 as listed in Table 1.
Table 1: UE Transmitter Characteristics

	Section Number in 25.101
	UE Transmitter Characteristics

	6.2
	Transmit power

	6.2.1
	UE maximum output power

	6.2.2
	UE maximum output, power with HS-DPCCH and E-DCH

	6.2.3
	UE Relative code domain power accuracy

	6.3
	Frequency Error

	6.4
	Output power dynamics

	6.4.1
	Open loop power control

	6.4.2
	Inner loop power control in the uplink

	6.4.2.1
	Power control steps

	6.4.3
	Minimum output power

	6.4.4
	Out-of-synchronization handling of output power

	6.5
	Transmit ON/OFF power

	6.5.1
	Transmit OFF power

	6.5.2
	Transmit ON/OFF Time Mask

	6.5.3
	Change of TFC

	6.5.4
	Power setting in uplink compressed mode

	6.5.5
	HS-DPCCH

	6.6
	Output RF spectrum emissions

	6.6.1
	Occupied bandwidth

	6.6.2
	Out of band emission

	6.6.2.1
	Spectrum Emission Mask

	6.6.2.2
	Adjacent Channel Leakage power Ratio (ACLR)

	6.6.3
	Spurious emissions

	6.7
	Transmit Intermodulation

	6.8
	Transmit modulation

	6.8.1
	Transmit Pulse Shape Filter

	6.8.2
	Error Vector Magnitude

	6.8.3
	Peak Code Domain Error

	6.8.3a
	Relative code domain error

	6.8.4
	Phase discontinuity for uplink DPCH

	6.8.5
	Phase discontinuity for HS-DPCCH

	6.8.6
	Phase discontinuity for E-DCH


6.2
Transmit Power

6.2.1
UE maximum output power

In Section 6.2.1 of 25.101[2], the UE transmit power is defined as follows:

The nominal power defined is the broadband transmit power of the UE, i.e. the power in a bandwidth of at least (1+α) times the chip rate of the radio access mode. The period of measurement shall be at least one timeslot.

The definition will need to be modified for DC-HSUPA, but the requirement should remain same. For DC-HSUPA, we could define the nominal power as the sum of the transmit powers in each of the single carrier bandwidths as defined above.
6.2.2
UE maximum output, power with HS-DPCCH and E-DCH
In the current specification, MPR is defined in terms of cubic metric (CM). MPR can also be derived from first principles, in terms of the reduction in maximum output power for a given ACLR, relative to a reference waveform (12.2 kbps AMR Speech). For single carrier HSUPA, the cubic metric formula defined in Section 6.2.2 [1] correlates very well with MPR. For DC-HSUPA, the relationship between ACLR and the existing cubic metric formula needs further investigation. 

The cubic metric is defined in Section 6.2.2 as follows:

Where Cubic Metric (CM) is based on the UE transmit channel configuration and is given by


CM = CEIL { [20 * log10 ((v_norm 3) rms) - 20 * log10 ((v_norm_ref 3) rms)] / k, 0.5 }

Where

-
CEIL { x, 0.5 } means rounding upwards to closest 0.5dB, i.e. CM = [0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5]

-
k is 1.85 for signals where all channelisations codes meet the following criteria CSF, N where N< SF/2

-
k is 1.56 for signals were any channelisations codes meet the following criteria CSF, N where N ≥ SF/2

-
v_norm is the normalized voltage waveform of the input signal

-
v_norm_ref is the normalized voltage waveform of the reference signal (12.2 kbps AMR Speech) and

-
20 * log10 ((v_norm_ref 3) rms) = 1.52 dB

For DC-HSUPA, the following questions arise:
· Do we apply the same rules to determine k, by testing for the channelisation code index of each channelisation code across both carriers?
· Can the k values (1.85, 1.56) remain the same?

· How do we account for the difference in power between each of the 2 carriers in the formula? In other words is there a need to explicitly reflect the imbalance in power between the carriers or can we compute the  CM for the waveforms for which the carrier powers are balanced and use the same CM for the same waveforms (beta factors) with an imbalance in carrier power?
Also due to the addition of a second carrier on the uplink, preliminary analysis in [4],[8] we expect the MPR requirement to increase compared to single carrier HSUPA. The amount of increase in MPR is FFS.
6.2.3
UE relative code domain power accuracy
In Section 6.2.3 of 25.101[2], the UE Relative code domain power accuracy is defined as follows:

The UE Relative Code Domain Accuracy is a measure of the ability of the UE to correctly set the level of individual code powers relative to the total power of all active codes. When the UE uses 16QAM modulation on any of the uplink code channels the IQ origin offset power shall be removed from the Measured CDP ratio; however, the removed relative IQ origin offset power (relative carrier leakage power) also has to satisfy the applicable requirement. The measure of accuracy is the difference between two dB ratios:


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 and is derived from beta factors. The sum of all nominal CDPs will equal 1 by definition.

For DC-HSUPA, we propose to reuse the above definition as exists above. However it is 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. Furthermore, depending on the power imbalance between the two carriers, there will be a need for relaxation of the requirement for the weaker carrier to account for noise spillage from the stronger carrier.
6.3
Frequency Error
Assuming that the UE shall use the same frequency source for both uplink carriers, the same requirement can be applied to both carriers.
6.4
Output Power Dynamics
6.4.1
Open Loop Power Control

In Section 6.2.1 of 25.101[2], the open loop power control is defined as follows:
Open loop power control is the ability of the UE transmitter to sets its output power to a specific value. The open loop power control tolerance is given in Table 6.3.

6.4.1.1
Minimum requirement

The UE open loop power is defined as the mean power in a timeslot or ON power duration, whichever is available.

Table 6.3: Open loop power control tolerance

	Conditions
	Tolerance

	Normal conditions
	± 9 dB

	Extreme conditions
	± 12 dB


Since we assume a single transmit chain and as single power amplifier, for DC-HSUPA, we can apply the same definition and requirement for open loop power control.
6.4.2
Inner loop power control in the uplink

In [6], during last RAN WG1 meeting, it has already been agreed for DC-HSUPA that there will be two independent power control loops:
There will be two independent uplink power control loops with two independent TPC streams transmitted in downlink.

In this case, since we assume a single power amplifier, the power control step is the change in the UE transmitter output power in response to two single TPC commands, TPC1_cmd, and TPC2_cmd derived at the UE. Hence for a given power control step size on each carrier, there will be 9 possible power control steps due to the independent power control operation. Hence tables equivalent to Tables 6.4 and 6.5 that incorporate all the possible combinations of TPC_cmd will need to be defined for DC-HSUPA.

Table 6.4: Transmitter power control range

	TPC_ cmd
	Transmitter power control range

	
	1 dB step size
	2 dB step size
	3 dB step size

	
	Lower
	Upper
	Lower
	Upper
	Lower
	Upper

	+ 1
	+0.5 dB
	+1.5 dB
	+1 dB
	+3 dB
	+1.5 dB
	+4.5 dB

	0
	-0.5 dB
	+0.5 dB
	-0.5 dB
	+0.5 dB
	-0.5 dB
	+0.5 dB

	-1
	-0.5 dB
	-1.5 dB
	-1 dB
	-3 dB
	-1.5 dB
	-4.5 dB


Table 6.5: Transmitter aggregate power control range

	TPC_ cmd group
	Transmitter power control range after 10 equal TPC_ cmd groups
	Transmitter power control range after 7 equal TPC_ cmd groups

	
	1 dB step size
	2 dB step size
	3 dB step size

	
	Lower
	Upper
	Lower
	Upper
	Lower
	Upper

	+1
	+8 dB
	+12 dB
	+16 dB
	+24 dB
	+16 dB
	+26 dB

	0
	-1 dB
	+1 dB
	-1 dB
	+1 dB
	-1 dB
	+1 dB

	-1
	-8 dB
	-12 dB
	-16 dB
	-24 dB
	-16 dB
	-26 dB

	0,0,0,0,+1
	+6 dB
	+14 dB
	N/A
	N/A
	N/A
	N/A

	0,0,0,0,-1
	-6 dB
	-14 dB
	N/A
	N/A
	N/A
	N/A


6.4.3
Minimum Output Power

In Section 6.4.3 of 25.101[2], Minimum Output Power is defined as follows:
The minimum controlled output power of the UE is when the power is set to a minimum value.

6.4.3.1
Minimum requirement

The minimum output power is defined as the mean power in one time slot. The minimum output power shall be less than -50 dBm.

Since we assume a single transmit chain and as single power amplifier, for DC-HSUPA, we can apply the same definition and requirement for open loop power control.

6.4.4
Out of synchronization handling of output power

Since each carrier is independently power controlled, the single carrier test requirement as specified in Section 6.4.4 in 25.101[2] can be applied to each of the uplink carriers in DC-HSUPA, when the UE is out-of-sync. However, the level of output power that corresponds to when the transmitter is “off” (-56dBm) may not be achievable in DC-HSUPA, if one of the carriers is turned off due to the out-of-sync state and one of the carriers is still transmitting. In this case, there could be a residual noise spillage from the other carrier which may always be above the -56dBm floor.

Hence we propose that when testing for out of synchronization handling of output power, we ensure that the quality of the F-DPCH on each carrier drops below the required threshold Qout thereby ensuring that the UE completely turns off the transmitter in each carrier. If it is still desired that we test each carrier is turned off completely while the other carrier is on, we need to relax the transmitted power level corresponding to the “off” state due to the noise spillage issue mentioned above or ensure that the other carrier is transmitting at a level low enough that the residual noise is well below -56dBm.
6.5
Transmit ON/OFF power

6.5.1
Transmit OFF Power
In Section 6.5.1 of 25.101[2], Transmit OFF Power is defined as follows:
Transmit OFF power is defined as the RRC filtered mean power when the transmitter is off. The transmitter is considered to be off when the UE is not allowed to transmit or during periods when the UE is not transmitting DPCCH due to discontinuous uplink DPCCH transmission. During UL compressed mode gaps, the UE is not considered to be off.

6.5.1.1
Minimum requirement

The transmit OFF power is defined as the RRC filtered mean power in a duration of at least one timeslot excluding any transient periods. The requirement for the transmit OFF power shall be less than -56 dBm. 

As mentioned in Section 6.4.4, the transmitter “off” power level may be different for DC-HSUPA when compared to single carrier operation. If both carriers are turned off, then we could allow for the same requirement as specified above. However, if one of the carriers is ON and the other is OFF, depending on the transmit power level of the ON carrier, we may need to relax the -56dBm requirement.
6.5.2
Transmit ON/OFF Time Mask

We expect the single carrier Transmit ON/OFF Time Mask requirement to hold even for DC-HSUPA for the PRACH related transmissions. However, for the DPCCH related transmissions in CELL_DCH, since the test requirement as defined in Table 6.7A assumes a single power control command, we would need to modify this table to accommodate all 9 combinations of TPC1_cmd and TPC2_cmd for each step size. The transmit ON/OFF templates in Figures 6.2, 6.2A and 6.3 can apply here since both carriers are assumed to be synchronized [6]:
Timing

There is a single tau_dpch and a single uplink frame timing for both carriers (RAN2 agreement).

We assume that the timing for the secondary uplink carrier is the same as the timing for the primary uplink carrier.

6.5.3
Change of TFC

The Change of TFC test requirement in Section 6.5.3 in 25.101[2] was introduced to ensure that the output power level corresponding to different changes in transmitted power (DPCCH + DPDCH) is accurate enough. Since DC-HSUPA is intended to carry DPCCH, E-DPCCH and E-DPDCH on each carrier, and the HS-DPCCH channel on the anchor carrier a more suitable test requirement would be to take into account these new channel combinations. This test can then subsitute both 6.5.3 (Change of TFC) and 6.5.5 (HS-DPCCH). Such a requirement is FFS.
6.5.4
Power setting in uplink compressed mode
Since the uplink carriers are synchronized in DC-HSUPA the transmit template for compressed mode as defined in Figure 6.5 could even apply for DC-HSUPA. However the existing test requirement assumes transmission of DPDCH. Since DC-HSUPA is intended to carry enhanced uplink channels, a more suitable test requirement would be for the case when enhanced uplink channels are configured on each carrier and a common compression gap is applied to both carriers.
6.5.5
HS-DPCCH

As discussed in Section 6.5.3, it may be useful to design a single test requirement for varying output power for the following configuration in DC-HSUPA:
· Anchor Carrier

· DPCCH, E-DPCCH, E-DPDCH, HS-DPCCH

· Secondary Carrier

· DPCCH, E-DPCCH, E-DPDCH

Such a test requirement is FFS.
6.6
Output RF spectrum emissions

6.6.1
Occupied bandwidth

In Section 6.6.1 of 25.101[2], Occupied bandwidth is defined as follows:
Occupied bandwidth is a measure of the bandwidth containing 99 % of the total integrated power of the transmitted spectrum, centered on the assigned channel frequency. The occupied channel bandwidth shall be less than 5 MHz based on a chip rate of 3.84 Mcps.
For DC-HSUPA, we propose the following definition.
Occupied bandwidth is a measure of the bandwidth containing 99 % of the total integrated power of the transmitted spectrum, centered at the center of the assigned channel frequencies. The occupied channel bandwidth shall be less than 10 MHz.
6.6.2
Out of band emission
6.6.2.1
Spectrum Emission Mask

In principle, for DC-HSUPA on adjacent carriers (10MHz operation), we can potentially borrow the spectrum emission mask requirements from E-UTRA as specified in 36.101[5]. The details are FFS.
6.6.2.2
Adjacent Channel Leakage Ratio (ACLR)

For DC-HSUPA, due to a doubling of channel bandwidth, we propose to modify the definition of ACLR. Furthermore, since the power between the two carriers can be different, the ACLR definition now depends on the mean power measured in either adjacent channel frequency (left or right of the 10MHz spectrum) whichever is higher.
Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the sum of the RRC filtered mean power centered on each of the two assigned channel frequencies to the RRC filtered mean powers centered on an adjacent channel frequency.
With regard to the ACLR requirements for DC-HSUPA, we propose to reuse the existing ACLR requirements (UTRAACLR1/2) for 10 MHz LTE from 36.101 [5] as defined in Table 6.11a. In Table 6.11a, an adjacent channel frequency is defined relative to the center of the two assigned channel frequencies in DC-HSUPA.
We should note that, since the power between two carriers can be different in DC-HSUPA, the ACLR of positive and negative adjacent frequency can be quite different as shown in Figure 2. In this case, however both sides of ACLR should be within the ACLR limit in Table 1.

Table 6.11a: UE ACLR for DC-HSUPA

	Power Class
	Adjacent channel frequency relative to the center of two assigned channel frequencies
	ACLR limit

	3
	+ 7.5 MHz or – 7.5 MHz
	33 dB

	3
	+ 12.5 MHz or – 12.5 MHz
	36 dB

	4
	+ 7.5 MHz or – 7.5 MHz
	33 dB

	4
	+ 12.5 MHz or -12.5 MHz 
	36 dB
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Figure 2: Illustration of ACLR in case of imbalanced DC-HSUPA

6.6.3
Spurious emissions

In principle, for DC-HSUPA on adjacent carriers (10MHz operation), we can potentially borrow the spurious emission requirements from E-UTRA as specified in 36.101[5]. Further details on frequency spacing (co-existence requirements), the actual band frequencies of the victim receiver, and corresponding spurious emission requirements are FFS.

6.7
Transmit Intermodulation

For DC-HSUPA, we propose to reuse the E-UTRA Transmit Intermodulation requirement as specified in 36.101[6] as shown in Table 6.14. The interference signal frequency offset is defined relative to the center of the two assigned channel frequencies in DC-HSUPA.
Table 6.14: Transmit Intermodulation for DC-HSUPA

	Interference Signal Frequency Offset
	10MHz
	20MHz

	Interference CW Signal Level
	-40dBc

	Intermodulation Product 
	-29dBc 
	-35dBc 


6.8
Transmit modulation

6.8.1
Transmit Pulse Shape Filter
For DC-HSUPA, we propose to reuse the same transmit pulse shape filters in each of the carriers.
6.8.2
Error Vector Magnitude

For DC-HSUPA, we propose to reuse the same definition of EVM as defined for the single carrier case. Depending on the power imbalance between the two carriers, a further relaxation in EVM requirement for the weaker carrier will be needed to account for noise spillage from the stronger carrier.
6.8.3
Peak Code Domain Error

Peak code domain error was introduced for multi-code DPDCH in single carrier. In the case of DC-HSUPA, it has been decided that enhanced dedicated channels will be configured on both channels. As of now, it has yet to be decided in the RAN WG1/2 groups on the need to transmit DPDCH when the UE is configured in dual-carrier mode. Even if it were decided to allow for DPDCH transmission in one of the carriers, given that enhanced dedicated channels will be transmitted, the number of DPDCH will be limited to a single code. Hence we propose that the peak code domain error requirement not apply to DC-HSUPA.
6.8.3
Relative Code Domain Error

In principle, specification of the RCDE test requirement will follow the same methodology as UE relative code domain power accuracy.

The existing definition of RCDE (below) can be also applied to DC-HSUPA. However it is FFS whether the composite waveform corresponds to the waveform due to all active codes per carrier or due to all active codes across both carriers.
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.
Furthermore, in the case of DC-HSUPA, depending on the power imbalance between the two carriers, there will be a need for relaxation of the RCDE requirement for the weaker carrier to account for noise spillage from the stronger carrier.
6.8.4
Phase Discontinuity for uplink DCH

6.8.5
Phase Discontinuity for HS-DPCCH

Given that a phase discontinuity test was recently defined in Release-8 for E-DCH, and the fact that DC-HSUPA is primarily intended for high rate E-DCH transmissions, we propose that in the case of DC-HSUPA, a phase discontinuity test requirement is introduced assuming the following configuration:
· Anchor Carrier

· DPCCH, E-DPCCH, E-DPDCH, HS-DPCCH

· Secondary Carrier

· DPCCH, E-DPCCH, E-DPDCH

If the above configuration were agreed upon, then we will need to determine a suitable power profile of all these channels across both carriers and arrive at a new phase discontinuity requirement as per this profile.
4
Impact on Rx Sensitivity
As is well known, any FDD band with duplex spacing relative to assigned channel frequency less than ~ 70.7 MHz (occupied b/w * 8) can experience a degradation in reference sensitivity due to spectral re-growth. Similar to the analysis performed in [7], a further study is needed to evaluate the impact to REFSENS (Rx sensitivity) when DC-HSUPA is deployed in these bands. 

Table 2: UTRA FDD frequency bands

	Operating Band
	UL Frequencies

UE transmit, Node B receive
	DL frequencies

UE receive, Node B transmit

	I
	1920 - 1980 MHz
	2110 -2170 MHz

	II
	1850 -1910 MHz
	1930 -1990 MHz

	III
	1710-1785 MHz
	1805-1880 MHz

	IV
	1710-1755 MHz
	2110-2155 MHz

	V
	824 - 849 MHz
	869-894 MHz

	VI
	830-840 MHz
	875-885 MHz

	VII
	2500-2570 MHz
	2620-2690 MHz

	VIII
	880 - 915 MHz
	925 - 960 MHz

	IX
	1749.9-1784.9 MHz
	1844.9-1879.9 MHz

	X
	1710-1770 MHz
	2110-2170 MHz

	XI
	1427.9 - 1452.9 MHz
	1475.9 - 1500.9 MHz

	XII
	698 – 716 MHz
	728 – 746 MHz

	XIII
	777 - 787 MHz
	746 - 756 MHz

	XIV
	788 – 798 MHz
	758 – 768 MHz


Table 3: Duplex Spacing relative to passband and relative to carrier frequency 

	Operating Band
	Duplex spacing relative to passband [MHz]
	Duplex spacing relative to carrier frequency [MHz]

	I
	130
	190

	II
	20
	80

	III
	20
	95

	IV
	355
	400

	V
	20
	45

	VI
	35
	45

	VII
	50
	120

	VIII
	10
	45

	IX
	60
	95

	X
	40
	400

	XI
	23
	48

	XII
	12
	30

	XIII
	21
	31

	XIV
	20
	30


As seen in Table 2 and Table 3:
· Bands 12, 13, 14 have a duplex spacing (relative to assigned carrier frequency) of 30MHz and 31 MHz.

· Bands 5, 6 and 8 have a duplex spacing of 45 MHz
· Band 11 has a duplex spacing of 48 MHz 
5
Conclusions
In this contribution, we have addressed at a high level the impact to UE RF transmitter characteristics (Section 6 of 25.101) as well as potential impact to receiver sensitivity due to DC-HSUPA operation on adjacent carriers in a single band (10MHz operation). For each characteristic, we have indicated possible modifications needed and whether existing E-UTRA requirements (10MHz) operation can be applied. Further analysis is needed to understand how well the E-UTRA requirements apply here. It is proposed that all the interested companies meet in an Ad-Hoc session and discuss further a way forward on specification of test requirements for each of these characteristics.
6
References

[1] RP-090014, “Dual-Cell HSUPA”, Nokia Siemens Networks, Nokia, Telefonica, Orange, Ericsson, Qualcomm Europe, Alcatel-Lucent, Softbank Mobile, Telecom Italia, Huawei, Samsung
[2] 3GPP TS 25.101, v8.6.0, “User Equipment (UE) radio transmission and reception (FDD)”
[3] 3GPP TS 34.121-1, “User Equipment (UE) conformance specification (FDD)”
[4] R4-091679, “Suitable definition of ACLR for DC-HSUPA”, Qualcomm Europe
[5] 3GPP TS 36.101, v8.5.1, “E-UTRA User Equipment (UE) radio transmission and reception”

[6] R1-091642, “Minutes from RAN1 adhoc session on DC-HSDPA MIMO, DC-HSUPA and TxAA extension for non-MIMO UEs, Seoul, Korea, March 26, 2009”, Ericsson
[7] R4-090630, “Further discussion on the sensitivity of Tx noise floor to TX-RX frequency separation”, Qualcomm Europe
[8] R4-091453, “Uplink Cubic Metric Analysis for DC-HSUPA”, Qualcomm Europe














































































































































































































































































































































PAGE  
4

_1302247631.vsd
Positive
ACLR1


Positive
ACLR2


DC-HSUPA channel


Negative
ACLR1


Negative
ACLR2


ACLR1 Limit


ACLR2 Limit


0 MHz


5 MHz


10 MHz


15 MHz


-15 MHz


-10 MHz


-5 MHz



