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1 Introduction
Some companies have expressed a desire to have a maximum carrier power imbalance for uplink dual-carrier HSUPA [4]: 
· The implementation of a maximum carrier power imbalance has potential impact on the E-TFC selection procedure which is currently being discussed in RAN2 [5].  If there is a need for a maximum carrier power imbalance RAN2 should be informed.
· The implementation of a maximum carrier power imbalance also has potential impact on power reduction and power scaling procedures.
In this paper we discuss the potential impacts of carrier power imbalance.
2 Discussion
There are potential sources of nonlinearity in the RF transmitter front end including the power amplifier (PA), mixer, etc., depending on the implementation. Compared to single carrier HSUPA, carrier power imbalance may increase the weaker carrier’s EVM and degrade the modulation accuracy because the signal-to-noise ratio (SNR) of the carrier with the smaller power degrades due to the unwanted noise leakage from the stronger carrier. Since dual carriers share the total power of PA, they modulate each other and contribute to ACLR. For these reasons, maintaining the same ACLR requirement between the adjacent dual carriers may be more difficult than in the single-carrier case.  
However, if the same ACLR requirements as in the single-carrier case are applied to the adjacent carriers in the dual-carrier case, the carrier power imbalance issue is the same as can be observed in Release 6 when two UEs transmit simultaneously on two adjacent carriers. The analysis below shows the impact of the carrier power imbalance assuming the same ACLR requirement is adopted.  

For DC-HSUPA, any impairment leading to carrier leakage would decrease the SNR at the transmitter output. One possible outcome of such output signal degradation consists of a potentially significant degradation of the DPCCH SNR on the victim carrier measured at the NodeB.  Assuming that:
· Only DPCCH is transmitted on the victim carrier without considering the impact of HS-DPCCH and;

· E-DPDCH, E-DPCCH, HS-DPCCH and DPCCH are transmitted on the aggressor carrier. 
Then, the signal degradation can be modeled as follows.  Let the power of the transmitted DPCCH on the victim carrier be denoted as PDPCCH, the adjacent carrier interference ratio as GACLR, the path gain to the NodeB as GPath, the interference power plus noise level at the NodeB as PIN, the DPCCH SIR target at the NodeB as SIRD,T, and the total power transmitted on the aggressor carrier as Ptot,a.  The total adjacent carrier interference power is thus 


PACLR = Ptot,a × GACLR.
(1)

The DPCCH SIR as measured at the NodeB, SIRDPCCH, may be expressed as:


SIRDPCCH = (PDPCCH× GPath× GSF)/(PACLR× GPath+ PIN).
(2)

This shows that when a victim carrier suffers from adjacent carrier interference (due for example to a power imbalance) the SIR measured at the NodeB is reduced due to the reduction of SIR at the transmitter. 

From equation (2), the transmitted DPCCH power can be obtained as:
                                      PDPCCH = SIRDPCCH × (PACLR× GPath+ PIN) / (GPath× GSF).
                                    (3)
The ratio of DPCCH power to reach the same SIR target at a NodeB in the presence of inter-carrier interference and in the absence of inter-carrier interference may be expressed as:

                                          ∆PDPCCH = (PACLR× GPath+ PIN)/ PIN = 1+ (PACLR× GPath)/ PIN.                              (4)
As the total power transmitted on the aggressor carrier can be expressed as:
                                                                Ptot,a = PDPCCH,a × Gtot,a                                                                    (5)
Where PDPCCH,a is the power of the transmitted DPCCH one the aggressor carrier, which can be represented as: 
       PDPCCH,a = SIRDPCCH,a × PIN,a / (GPath,a × GSF)= SIRDPCCH,a,chip × ∆PIN,a ×PIN / ∆GPath,a ×GPath                 (6)
Here, ∆PIN,a = PIN,a / PIN, denoting the difference in noise rise for aggressor carrier due to different loading, and  ∆GPath,a = GPath,a / GPath, denoting the difference in path gain for aggressor carrier due to different radio conditions. SIRDPCCH,a,chip denotes the transmitted chip-level SIR of aggressor carrier.
Gtot,a is the total power offset with respect to DPCCH power of the aggressor carrier and can be represented as:
                                                Gtot,a = (1+ (ed /c)2 + (ec /c)2 + (hs /c)2)                                          (7)
Substituting equation (5), (6) and (7) into equation (1), which is further substituted into equation (4) and the ratio of DPCCH power to reach the same SIR target at a NodeB in the presence of inter-carrier interference and in the absence of inter-carrier interference may be represented as:

    ∆PDPCCH = 1+ [( SIRDPCCH,a,chip × ∆PIN,a ×PIN / ∆GPath,a ×GPath) × Gtot,a × GACLR × GPath] / PIN                 (8)
Using a number of typical values for link budget analysis listed in Table 1 and a worst case scenario where power boosting is applied to the aggressor carrier, given the limitation of UE maximum output power where the maximum power reduction (MPR) is not taken into account, the resulting DPCCH power adjustment, ∆PDPCCH, due to carrier leakage is shown in Figure 1 for three different values of GACLR. 
	SIRDPCCH,a,chip
	-21dB

	GACLR
	-33dB, -23 dB and -13 dB

	Gtot,a,boost = (1+ (ed,max /c)2 + (ec,max /c)2 + (hs,max /c)2)
	34dB

	∆PIN,a
	2dB

	∆GPath,a
	-8dB

	UE maximum output power
	21dBm

	PIN
	-97dBm


Table 1 Link budget
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Figure 1 DPCCH power adjustment due to carrier leakage
As expected, the impact of carrier leakage on DPCCH power due to power imbalance depends on the ACLR requirement.  If the same ACLR requirement is specified by RAN4 for adjacent carriers with Dual Cell HSUPA, then the performance degradation is at most 0.4 dB. As the ACLR requirements are relaxed, the carrier leakage can have a significant impact on the victim carrier due to carrier power imbalance, which can be seen from the curve with GACLR = -13 dB  where the degradation reach 10dB. As a result, the need to specify a max power difference between the two carriers greatly depends on the ACLR requirements that would be specified by RAN4 for adjacent carriers within dual cell HSUPA.
As can also be seen from the figure, the total amount of power leaked from one carrier to the other becomes independent of the path loss as even with the entire grant, the UE does not transmit at full power except below 96dB of path loss. This results in a constant adjustment in DPCCH power except at low geometry where the UE maximum power must be taken into account.  

3 Conclusion

In this paper, we discussed carrier power imbalance related issues for DC-HSUPA. Based on the analysis and assuming the current 33dB requirement for ACLR is maintained for DC-HSUPA, the impact of carrier leakage on DPCCH power due to power imbalance is at most 0.4dB. This level of impact is not anticipated to have a significant impact especially when compared to the relative impact of other sources of interference. Note however that, if the same ACLR definition and requirements cannot be applied to the adjacent carriers used for DC-HSUPA, a maximum carrier power imbalance may be desirable. Moreover, this would have an impact of the E-TFC selection, Cubic Metric (CM) or MPR and power scaling algorithms.  

As a result, we propose the following:

· Discuss the need to specify a maximum carrier power imbalance for DC-HSUPA. 
· Inform RAN2 of the decision so that RAN2 can consider this when design E-TFC selection.
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