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1. Introduction

The UMTS Hetnet work item in RAN1 has been closed and a secondary pilot channel (DPCCH2) has been introduced at the UE. According to [1], the maximum value of cubic metric (CM) is needed to be evaluated with the introduction of DPCCH2. In this paper we provide the cubic metric (CM) analysis in the case with HS-DPCCH and E-DCH. The simulation results show that a maximum CM value of 4 can be reused.
2. Discussion
CM in [1], Section 6.2.2, is described as below:

“

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)

	When DPCCH2 is not configured: 

For all combinations of; DPDCH, DPCCH, HS-DPCCH, E-DPDCH and E-DPCCH
	0 ( CM ( 4
	MAX (CM-1, 0)

	When DPCCH2 is configured: 

For all combinations of; DPDCH, DPCCH, HS-DPCCH, E-DPDCH,  E-DPCCH and DPCCH2
	0 ( CM ( [4]
	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]

-
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

”

From Table 6.1A, it can be seen that the maximum CM value when DPCCH2 is configured is yet to be evaluated.
2.1 Simulation assumptions
Link level simulations are performed to evaluate the maximum CM value. In the simulation, Fixed Reference Channel 2 (FRC2) is used for the E-DCH traffic, and DPDCH with 12.2k is configured, expecting to generate large CM values. The key parameters for FRC2 are shown in Table 1, according to [2]:

Table 1. Parameters for FRC2
	Parameter
	Unit
	Value

	Maximum. Inf. Bit Rate 
	kbps
	2706.0

	TTI
	ms
	2

	Information Bit Payload (NINF)
	Bits
	5412

	Binary Channel Bits per TTI (NBIN)
(3840 / SF x TTI sum for all channels)
	Bits
	7680

	Coding Rate (NINF/ NBIN)
	
	0.705

	Physical Channel Codes
	SF for each physical channel
	{2,2}


As the number of DPDCH is 1, DPCCH2 is assigned to Q channel with channelization code Cch,256,3, and HS-DPCCH is assigned to Q channel with channelization code Cch,256,64. A summary of all the key parameters for the uplink channels are listed in Table 2:
Table 2 Key parameters for the uplink channels
	Channel
	(I/Q, SF, code number)
	Gain factor

	DPCCH
	(Q,256,0)
	βc = 15

	DPDCH
	(I,64,16)
	15*βd/βc=21

	E-DPCCH
	(I,256,1)
	15*βec/βc = {9, 15, 24}

	E-DPDCH
	(I,2,1),(Q,2,1)
	15*βed/βc = {17, 21,27,34,42,53,67}

	DPCCH2
	(3, Q)
	15*βc2 /βc= {15,19,24,30,38,48}

	HS-DPCCH
	(Q,256,64)
	15*βhs/βc2 = {0, 12, 15, 19, 24, 30, 38, 48, 60, 76}


Figure 1 shows the CDF of the CM values for all the combination of the beta factors listed in Table 2. It can be seen that the maximum CM value is around 3.5dB, if the CEIL function is not considered. When CEIL function is considered, the maximum CM value is 4dB.
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Figure 1 The CDF of CM when DPCCH2 is configured

According to the evaluation results, we propose:

Proposal: Adopt 4 as the maximum CM value in 25.101, Table 6.1A.
3. Conclusion
Link simulation results are provided to evaluate the maximum CM value when DPCCH2 is configured. It is proposed that:
Proposal: Adopt 4 as the maximum CM value in 25.101, Table 6.1A.
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