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1 Introduction
RAN#50 initiated a study item (SI) on uplink multiple input multiple output (MIMO) transmission. The SI is planned for completion at RAN#53 (September, 2011) and it is associated with the following objectives:

Study the feasibility and merits of UL MIMO (including improvements in terms of average throughput in a cell, while taking into account the impact on the other aspects such as fairness, cell edge user throughput, etc) taking the closed loop transmit diversity into account for the following configuration

· Up to 2 streams can be transmitted by the UE

· UL MIMO transmission only applies to E-DCH physical channels

· UL MIMO cannot be configured with DC-HSUPA

· UL MIMO is applicable in CELL_DCH only

· Both 2x2 and 2x4 configurations should be considered with 2x2 as the baseline scenario

Furthermore, the following should be investigated:

· Impact on infrastructure implementation

· Impact on UE implementation
· Impact on performance of UEs not supporting UL MIMO (including legacy UEs)
One of the aspects that needs to be evaluated in a study item is which pre-coding codebook that should be used for dual-stream transmissions. In this contribution we present initial cubic metric results for a codebook in which both streams are transmitted from both physical antennas and compare this to an approach where each individual stream is transmitted from a separate physical antenna.

2 Studied setting 
For single-stream transmissions utilizing a pre-coding vector w=[w1 w2] characterized by that |w1|>0 and |w2|>0 results in that the same signal is transmitted from both physical antennas. By selecting the pre-coding vector appropriately the relative phase of the two transmitted signals can be adapted so that they add coherently at the receiver. This results in the so-called pre-coding gain. For dual-stream transmissions there are two streams that are transmitted. In principle there are two approaches for how the streams can be transmitted:

Alternative 1: Each of the streams is pre-coded with a vector with non-zero antenna weights then both of the streams are transmitted from both physical antennas (see Figure 1). 

Alternative 2: Each of the streams is transmitted from an individual physical antenna. I.e. for each of the pre-coding vectors there is only on non-zero antenna weight (see Figure 2).

The difference between alternative 1 and alternative 2 is that the both signals are transmitted from both physical antennas in the first alternative. This will result in that: 

· Some pre-coding gain is achieved for the primary stream (with a similar reasoning as for closed loop beam forming). However, when considering the aggregate pre-coding gain across both streams it is not unlikely that the “aggregate” pre-coding gain is insignificant when a unitary transformation is used at the transmitter.
· The peak to average power ratio (cubic metric) is increased since both signals are transmitted from both antennas. An increased cubic metric will require a higher back off, which will reduce the coverage for UEs transmitting at maximum power.

In the following we determine the cubic metric associated with the two alternatives mentioned above. 


[image: image1]
Figure 1: A physical channel layout where all the E-DPDCH and E-DPCCH associated with the first stream and the P-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 (e.g., orthogonal) pre-coding vector. 

[image: image2]
Figure 2: A physical channel layout where all channels except the DPCCH(s) are pre-coded with the same pre-coding vector.
2.1 Studied codebook
In the evaluations we assume that 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 a separate physical antenna the pre-coding matrix is given as
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whereas we for alternative 2 assume that 
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, and that the applied two 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. 
2.2 Simulation methodology

The cubic metric is defined as (in dB) [5]
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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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When evaluating the cubic metric for the two different alternatives:

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 the cubic metric is computed for alternative 1 where the signals are not pre-coded.

3. For alternative 2 the two waveforms are pre-coded and the combined waveform for each of the two physical antenna ports is computed.

4. The cubic metric is computed for both combined signal waveforms.

5. The average cubic metric (average of different seeds, streams and pre-coding vectors) is computed for the two alternatives.

2.3 Studied simulation cases 

The studied scenarios are summarized in Table 1. Throughout the simulations it is assumed that the P-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


3 Results

3.1 Simulation case 1 to case 4

Figure 3 and Figure 4 show the CM for simulation scenario 1 - 4 for the case where HS-DPCCH is transmitted and the case where HS-DPCCH is not transmitted. From Figure 3 which is the most relevant figure it is apparent that 
· 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 3: Cubic metric for simulation case 1 to case 4 with HS-DPCCH. 
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Figure 4: Cubic metric for simulation case 1 to case 4 without HS-DPCCH.
3.2 Simulation case 5-7

Figure 5 and Figure 6 show the CM for simulation scenario 5-7 for the case where HS-DPCCH is transmitted and the case where it is not transmitted. From Figure 5 it is apparent that 
· 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 5: Cubic metric for simulation case 5 to case 7 with HS-DPCCH.
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Figure 6: Cubic metric for simulation case 5 to case 7 without HS-DPCCH.

4 Conclusions
This contribution has evaluated the impact on cubic metric (CM) associated with the cases where

· The dual stream transmissions are pre-coded and transmitted from both physical antennas.

· Each stream is transmitted from a separate physical antenna. 

From the simulation studies we observe that the alternative in which the channels are pre-coded will increase the CM with up to 2 dB compared to the case where each stream is transmitted from each physical antenna. The increase is particularly high for low data rates (1xSF4 QPSK). For higher data rates, which is more likely for uplink MIMO dual-stream transmissions the difference in CM between the two approaches is 0.5-1 dB.
From a CM perspective it may seem motivated to only support the case where the streams are not pre-coded. However, this may potentially result in a small reduction in the pre-coding gain (in case of dual stream transmissions) as well as in a jump in required transmitted power when the Node-B changes from single to dual stream transmissions (due to the difference in pre-coding gain associated with the primary stream).

Notice also that the actual definition of CM for uplink MIMO will be discussed later in RAN4. Hence the actual maximum power reduction may differ slightly compared to the numbers presented in this contribution. Yet, the numbers presented here give an indication of what backoff numbers to expect.
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