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1. Introduction
Several contributions have discussed changes to the RF requirements needed for the introduction of Dual Cell HSUPA, see [1][2][3]. Details on the relation between cubic metric, MPR and out of band emission have been discussed e.g. in [4][5]. In this contribution, we present some more results and proposals related to this topic. 
2. Out of band emission requirements

A reasonable way forward, suggested e.g. in [1], would be to reuse the 10 MHz LTE requirements also for DC-HSUPA. In short, the ACLR definitions would relate the total transmitted power, RRC masked individually over each carrier, to the power leaked into the adjacent channels located 5 MHz away (ACLR1) or 10 MHz away (ACLR2). With this definition, we propose to re-use the LTE minimum requirements on 
· ACLR1 = 33 dB, 
· ACLR2 = 36 dB, and 
· Spectrum emission mask as defined in [6]. 
It is also proposed that the maximum allowed power reduction, MPR, is based on these requirements, with the intention to achieve similar PA power consumption as for a Rel. 8 UE. 
As observed in e.g. [4], there is a difference between the ACLR values depending on the relative power levels between the carriers, which gives rise to the discussion on positive and negative ACLR. The same also holds if the physical channel configuration differs between the carriers, even if they are transmitted with equal power. In the specification it is however not necessary to make the distinction between positive and negative ACLR, since one would rather formulate the requirement for the minimum ACLR value on either side. 
3. Cubic metric definition
Cubic metric (CM) is used in [7, 25.101] for the purpose of calculating the allowed backoff for UE TX signals up to Rel. 8. It is natural to investigate the possibility to use CM also for a DC-HSUPA signal, with necessary changes to the definition. The current definition of cubic metric in [7] is copied here for the reader’s convenience. 

-----

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
-----
Some changes may be required:
· The range of CM will most likely have to be increased, since more backoff is generally required for DC-HSUPA signals. 
· Some clarification and/or changes will be needed regarding how to define the normalization constant k, which is now 1.56 or 1.85 depending on the channelization code. 
· The power difference between the carriers may or may not be part of the CM definition.
Below, simulation results are presented in order to further illustrate some of the considerations to take into account when adjusting the CM definition to a DC-HSUPA.

3.1. MPR simulations for a DC-HSUPA signal

For the purpose of illustration, a DC-HSUPA signal with different power differences between the carriers has been simulated. The carrier configuration is given in the table below.
 

	Parameter
	Carrier 1
	Carrier 2

	# E-DPDCH
	2
	2

	SF
	2
	4

	Modulation
	QPSK
	QPSK

	edc
	60/15
	9/15

	ecc
	8/15
	8/15

	HS-DPCCH
	Off
	On

	hsc
	19/15
	–  

	DPDCH
	Off
	Off

	CM
	0.23
	2.5

	k
	1.56
	1.85


DC-HSUPA signals with these configurations for different power offsets have been simulated using a measured model of a PA, but otherwise a transmitter without further imperfections. The corresponding required MPR to achieve ACLR1 = 33 dB is shown in Figure 1. A few observations can be made:

· When either of the carriers are dominating, the MPR is approximately given by CM-1 for that carrier, as expected. When the powers are more balanced, the MPR is increased. 
· It’s shown that the maximum MPR does not always occur at equal powers if there is a large difference in CM between the carriers. In this case, MPR is approximately 0.5 larger at 5 dB power offset than the balanced case.
· In cases like this, where the CM of the two components varies significantly, the required backoff varies approximately 2 dB also for reasonable power differences, up to 10 dB. Based on this, we do not recommend to neglect the power difference when calculating the MPR. 
· CM calculated for the composite signal (the red line) is a fair indicator of the required MPR. However, when carrier 2 dominates (to the right in the figure), using k=1.56 overestimates the required MPR, since k=1.85 should be used here. The difference is approximately 0.5 dB for very large power differences. For moderate power differences that should be considered in practice, the discrepancy is much smaller. 
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Figure 1 MPR as a function of power difference between the carriers. Black markers indicate simulated required MPR, red line show calculated CM-1, with k=1.56.
3.2. Discussion
Cubic metric has been used as a viable measure of required MPR for HSUPA signals, and has been shown to have merits also for DC-HSUPA. It appears that the normalization constant 1.56 can be re-used, at least for reasonable power differences. This is indicated by the results above, results from [4], and other simulations not presented here. Should large power differences be allowed, MPR will be slightly overestimated, but this is probably overshadowed by other issues associated with large power imbalance, like EVM deterioration. It is thus suggested that k=1.56 be used. More simulations are needed to show that this is indeed viable for all possible configurations. 
One should still consider if other simplifications of the MPR calculations can be introduced. For LTE this has been done using modulation format and resource allocation as the only parameters in a MPR table. This is perhaps not feasible for (DC-)HSUPA, since the number of possible waveforms is much larger. However, one could consider other means of defining simple rules. How such a definition could be made is FFS. 
The reason cubic metric is a good measure of MPR for HSUPA is that 1) ACLR1 is the main dimensioning requirement and 2) spectral regrowth mainly comes from a third order PA non-linearity. If other criteria than ACLR1 are more important, CM may be of less interest. To confirm that ACLR1=33 dB actually is the dimensioning criterion, ACLR2 and spectrum emission mask (SEM) are also evaluated for the example above. 
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Figure 2  Spectrum emissions for DC-HSUPA signals with different power imbalance.
The spectrum emissions, with WCDMA
 and LTE spectrum emission masks included, are shown in Figure 2 for varying power differences using the configurations from Section 3.1. For each configuration, the MPR has been set according to Figure 1 to achieve ACLR1=33dB. This is the reason why e.g. the output power for the case P=-10 dB (blue curve) is approximately 2 dB higher than for P=10 dB (black curve). Furthermore, note that the WCDMA mask is defined in dBc and the LTE mask in dBm, which implies that the WCDMA mask moves in the figure depending on the applied MPR. It can be seen that the LTE mask is fulfilled in all cases, whereas the WCDMA mask is not. Significantly more MPR would be needed to ensure this.
Similarly, ACLR2 is shown for different power differences in Figure 3 when MPR is set to achieve ACLR1=33dB. ACLR2 = 36 dB is fulfilled in all cases, and significantly more MPR would be needed to achieve the Rel. 8 WCDMA requirement ACLR2 = 43 dB.
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Figure 3  ACLR2 for varying power difference with MPR set to achieve ACLR1=33dB.
4. Conclusions

This contribution has discussed out of band emission requirements and allowed MPR based on cubic metric. It is proposed that

1. ACLR is defined based on the total transmitted power.

2. ACLR1 = 33 dB is reused from [6] and [7].

3. ACLR2 = 36 dB is reused from [6].

4. The spectrum emission mask is reused from [6].

5. The calculation of the maximum power reduction is based on fulfilling the out of band requirements, in particular ACLR1.

6. As a working assumption, the cubic metric definition in [7] can be reused, with the normalization constant k=1.56 for all DC-HSUPA signals. The actual waveform, including power differences between the carriers, shall be used in the CM calculation. 
7. Simplifications that approximate the CM definition above could be considered. 

Although this contribution only uses one particular DC-HSUPA channel configuration for illustration purposes, other signals have been simulated in [4] and elsewhere, and the proposals presented here seem feasible. 
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� The configurations have been chosen to illustrate the mix of one small and one large CM with different k values, rather than being representative of configurations used in practice.


� The center gap in the Rel. 8 WCDMA mask has just been extended to make room for two carriers.





