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1 Introduction
This contribution proposes to include a discussion on the interaction of the cubic metric and pre-coding vector design for rank-2 transmissions of uplink MIMO in [1].
2 References

[1] R1-111850, “Draft TR for uplink MIMO”.
3 Appendix: Text proposal to [1]

------------- Start of Text Proposal -------------------
9
Cubic Metric Evaluation

Depending on the UE power amplifier (PA) architecture and the ACLR requirements specified for UL MIMO the impact on the cubic metric is one factor that could be considered when designing the pre-coders. For this purpose this section evaluates the impact on the cubic metric associated with the following two pre-coding codebooks:

Alternative 1: Each stream is transmitted from an individual physical antenna. I.e. for each pre-coding vectors there is only one non-zero antenna weight (see Figure x1x).
Alternative 2: Each stream is pre-coded with a vector such that each stream is transmitted from both physical antennas (see Figure x2x). 


[image: image1]
Figure x1x: A physical channel layout where the identity matrix is used as pre-coder.

[image: image2]
Figure x2x: A physical channel layout where all the E-DPDCH and E-DPCCH associated with the first stream and the DPCCH as well as HS-DPCCH are pre-coded with one pre-coding vector.  The S-DPCCH and the E-DPDCH and E-DPCCH associated with the second stream are pre-coded with another orthogonal pre-coding vector.
9.1 
Studied codebook

In the evaluations the input signals are pre-coded with the pre-coding matrix 
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where 
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 denotes the pre-coding vector used for the signals associated with the first stream and 
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 is the pre-coding vector applied to the signals associated with the second stream. For alternative 1  - where each stream is transmitted from separate physical antennas - the pre-coding matrix is given by
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(x2x).
For alternative 2 it is assumed that
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, and that the applied pre-coding vectors are orthogonal. Notice that the used codebook has a size of 4 and that it is identical to the codebook used for downlink MIMO. 

9.2 
Simulation methodology

The cubic metric is defined as (in dB) [5]
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 (x3x)
where  
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is the so-called raw cubic metric, 
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dB is the raw cubic metric of a reference WCDMA speech signal, 
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, rms denotes the root-mean-square, and K is an empirical constant that for SC-HSUPA transmission is 1.85.

Once the cubic metric has been computed for a signal it is rounded up to so that it belongs to the set 
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 (note that the maximum cubic metric is 3.5 dB). Given a quantized cubic metric value 
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 (x4x)

When evaluating the cubic metric for the two different alternatives the following is assumed:

1. Random waveforms are generated for stream 1 and stream 2 (note that the random generated waveforms for the two streams are independent).

2. Given the random waveforms: 
· For alternative 1 the cubic metric is computed at each of the two antennas.

· For alternative 2 the cubic metric for the combined waveform for each physical antenna is computed.
3. The average cubic metric (average of different seeds, streams and pre-coding vectors) is computed for the two alternatives.

9.3
Studied simulation cases 

The studied scenarios are summarized in Table 1. It is assumed that the DPCCH and S-DPCCH are transmitted with the same power, that the power offset used for the E-DPCCH(s) is 1 dB, and that the power offset used for HS-DPCCH is 4.1 dB. In the simulations a RRC filter is used and the sampling rate is 16 samples per chip.

Table 1: Summary of the studied simulation cases.

	Simulation case
	Description
	E-DPDCH power offset [dB]

	1
	1 SF4 (BPSK) + 0/1 HS-DPCCH
	12

	2
	2 SF4 (QPSK) + 0/1 HS-DPCCH
	15

	3
	2 SF2 (QPSK) + 0/1 HS-DPCCH
	18

	4
	2 SF2 + 2 SF4 (QPSK) + 0/1 HS-DPCCH
	19.76

	5
	SF4 (16QAM) + 0/1 HS-DPCCH
	18

	6
	2 SF2 (16QAM) + 0/1 HS-DPCCH
	21

	7
	2 SF2 + 2 SF4 (16QAM) + 0/1 HS-DPCCH
	22.76


9.4
Results

9.4.1
Simulation case 1 to case 4

Figure x3x and Figure x4x show the CM for scenario 1 - 4 for the cases where HS-DPCCH is and is not transmitted. It can be observed:
· There is a difference in CM that ranges between 0.9 and 2.0 dB depending on the simulation case.

· The difference in CM reduces with increasing data rate. 
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Figure x3x: Cubic metric for simulation case 1 to case 4 with HS-DPCCH. 
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Figure x4x: Cubic metric for simulation case 1 to case 4 without HS-DPCCH.
3.1 Simulation case 5-7

Figure x5x and Figure x6x show the CM for scenario 5-7 for the case where HS-DPCCH is and is not transmitted. It may be observed:
· Alternative 1 results in a 0.6-1 dB higher cubic metric when compared to Alternative 2.

· The CM is higher when 16 QAM is used than when QPSK is used.

· The difference between alternative 1 and alternative 2 reduces as the data rate increases.
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Figure x5x: Cubic metric for simulation case 5 to case 7 with HS-DPCCH.
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Figure x6x: Cubic metric for simulation case 5 to case 7 without HS-DPCCH.

------------- End of Text Proposal -------------------
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