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1. Introduction
In RAN#43, the work item on combination of DC-HSUPA was approved [1]. The work item should fulfill the following objectives:
· Specify Dual Cell HSUPA operation for the following scenarios:

a. The dual carrier transmission only applies to HSUPA UL physical channels and DPCCH.

b. The carriers belong to the same Node-B and are on adjacent carriers

c. Operation with at least 2 carriers configured simultaneously in downlink. In this case the duplex distance between uplink carrier n and downlink carrier n will respect single carrier rules.

· Introduce a Stage 2 level definition of the Dual Cell HSUPA to TS25.319

· Introduce the functionality for the relevant specifications of

a. UL and DL control channel structure.

b. L2/L3 protocols and procedures

c. UTRAN network interfaces

d. UE RF and performance requirements
e. BS RF and performance requirements 
f. RRM requirements

This contribution discusses how to determine the allowed maximum power reduction, MPR, for a DC-HSUPA signal. 
2. Discussion
The allowed MPR in Rel 8 is based on cubic metric, CM, and unless other suggestions are made, it’s reasonable to base MPR on CM also for DC-HSUPA signals. The current definition of cubic metric in [2] 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
-----
Preliminary results and discussions have been presented in [3],[4],[5],[6]. Both in [3] and [4] it was noted that the normalization constant k=1.56 seems to be feasible to use also for a DC-HSUPA signal, regardless of the use of channelization codes. If this is indeed so, the only necessary changes to the CM definition would be to clarify the value of k for a DC-HSUPA signal, and to extend the range. 
In this contribution, a larger set of signals have been constructed and the required MPR has been estimated through simulations using a realistic non-linear PA model. In the simulation setup, the PA non-linearity has been adjusted to achieve ACLR=33 dB, and the MPR required to sustain this level has been determined for each simulated waveform. 
3. Simulations
3.1. Simulation setup
The simulated DC-HSUPA signals are set up according to Table 1. Note that there are 9 different E-DPDCH settings, i.e for each setting i, the number of codes, spreading factor, modulation, and power of E-DPDCH are selected according to the ith element in the corresponding set. The E-DPDCH settings on carrier 1 and 2 are chosen independently, so that 81 combinations are possible. For each one of them, 4 E-DPCCH powers, 5 HS-DPCCH powers (for carrier 1), and 5 total power differences are simulated, in all 81*4*5*5=8100 waveforms. 
	Parameter
	Carrier 1
	Carrier 2

	# E-DPDCH
	{1,1,2,2,2,2,4,4,4}
	Same set as for carrier 1, varied independently

	SF
	{8,4,4,4,2,2,2,2,2}
	

	Modulation (PAM)
	{2,2,2,2,2,2,2,4,4}
	

	edc
	{27,42,9,75,60,84,95,95,168}/15
	

	ecc
	{8, 12, 19, 24}/15
	Same power as for carrier 1

	HS-DPCCH
	Off/On
	Off

	hsc
	{0, 12, 19, 24, 30}/15
	- 

	DPDCH
	Off
	Off

	Relative total carrier power
	{-10, -5, 0, 5, 10} dB
	0 dB


3.2. Simulation results

The required MPR versus the raw CM (without normalization constant) is plotted in Figure 1 where each marker correspond to one configuration. Two different lines are also shown; the solid one being a least-squares fit to the simulated points, and the dashed one being the legacy normalization constant k=1.56. Using the parameter k=1.62 from the least squares to calculate CM, the corresponding MPR=max(CM-m,0), where m=0.9. With the normalization constant k=1.56, m=1 is still appropriate. 
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As can be seen from the figure, the parameter k=1.62 obtained from a least-squares fit to data differs only marginally from the legacy value k=1. Especially when rounding upwards to a 0.5 dB spaced grid, the difference is negligible. For simplicity reasons, it is thus suggested that the legacy rule with k=1.56 is still used.
One observation that can be made, is that the different configurations are clustered around different straight lines depending on the power difference between the carriers
. For example, using either of the presented normalization constants, the MPR tends to be slightly overestimated when the power between the carriers is balanced, and slightly underestimated for large power imbalance. Thus, if some modification in terms of normalization constant should be considered, it would be more appropriate to choose the constants k and m depending on power differences. However, since the residual error seems to be within 0.2 dB, we propose to keep the requirement as simple as possible, and use k=1.56 throughout. 
The results presented here are dependent on the PA model being used in the simulations, and other PA models may lead to different conclusions. However, since the proposal is to make no change, the results using other PA models must differ substantially from the ones presented here in order to motivate a change. 
3.3. CM range
Since the CM of a DC-HSUPA signal is higher than the CMs of its components, one would assume that the range in the CM definition needs to be extended. No extensive search has been performed to find this new maximum CM, but a preliminary result can be obtained by selecting the worst case CM on each individual carrier. Since DPDCH is off, and HS-DPCCH is off on carrier 2, the worst case CM is found using the configurations in Table 2. The CM of the combined signal is found to be 3.68, with maximum for a 2 dB power difference. For the case that HS-DPCCH would be allowed also on the secondary carrier, combining 2 carriers according to carrier 1 below would yield a combined CM of 3.77.
	Parameter
	Carrier 1
	Carrier 2

	# E-DPDCH
	4
	4

	SF
	2
	2

	Modulation (PAM)
	4
	4

	edc
	9/15
	12/15

	ecc
	8/15
	8/15

	HS-DPCCH
	On
	Off

	hsc
	15/15
	-

	DPDCH
	Off
	Off

	Relative total carrier power
	2 dB
	0 dB

	CM per carrier
	3.40
	2.98

	CM combined
	3.68


From this example, it appears that extending the range of the rounded CM to 4.0 would be sufficient. Even if no full search has been made to find a global optimum, it appears reasonable to assume for now that no other configuration would exceed CM = 4.0. 

4. Text proposal

Given the results above, the following text proposal for inclusion in 25.101 can be used as a candidate definition for MPR based on CM. 

-------- Begin text proposal

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

The Maximum Power Reduction (MPR) for the nominal maximum output power defined in 6.2.1 is specified in table 6.1A for the values of (c, (d, (hs, (ec and (ed defined in [8] fully or partially transmitted during a DPCCH timeslot

Table 6.1A: UE maximum output power with HS-DPCCH and E-DCH

	UE transmit channel configuration 
	CM (dB)
	MPR (dB)

	For all combinations of; DPDCH, DPCCH, HS-DPCCH, E-DPDCH and E-DPCCH
	0 ( CM ( 4.0
	MAX (CM-1, 0)

	Note 1:
CM = 1 for (c/(d =12/15, hs/c=24/15. For all other combinations of DPDCH, DPCCH, HS-DPCCH, E-DPDCH and E-DPCCH the MPR is based on the relative CM difference. 


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, 4.0]

-
k is 1.85 for signals where all channelisation codes meet the following criteria CSF, N where N< SF/2, and the UE is not configured in DC-HSUPA mode.
-
k is 1.56 for signals where any channelisation codes meet the following criteria CSF, N where N ≥ SF/2, or whenever the UE is configured in DC-HSUPA mode.
-
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

-------- End text proposal

5. Conclusion

Simulations of the required MPR for a large number of DC-HSUPA waveforms have been performed. It is proposed to reuse the constant k=1.56 from the current CM definition, and to extend the range of possible CM values to 4.0. A text proposal of the necessary changes to [2] has been given.
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� Note that the power difference denotes the difference in total power, whereas the DPCCH power difference can be either higher or lower, depending on the actual configurations used. Should instead the DPCCH power difference be used as parameterization, the clustering in Figure 1 would not be as evident. 





