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1
Introduction
In December 2010 the WI on uplink transmit diversity was approved in RP-101438, [1]. 

With the increased usage of HSUPA and demand for increased data rates, optimizing uplink throughput, coverage, and UE battery consumption becomes more and more important. Uplink transmit diversity is one potential means to achieve these goals by exploiting the spatial dimension when the terminal is equipped with multiple transmit antennas. 
The work item on uplink transmit diversity is divided into two parts: open loop transmit diversity and closed loop transmit diversity. In this contribution we analyze some of the RF core requirements for which initial discussion occurred during the last meeting.

In the previous meeting the following agreements were reached:

· Consider measurements per antenna and compare them either per port or in a combined way against the requirements.
· UE Relative Code Domain Power Accuracy: Use the existing requirements on each antenna port
· Frequency error: Per antenna requirement is agreed. But reusing existing requirements is subject to further study.
· Define the UE maximum output power per UE for UE with transmit diversity. For maximum output power tolerance, the upper limit shall be maintained and the lower limit is FFS.

· Define MOP per UE and keep the current requirement unchanged for the per UE requirements. 

· Apply the existing inner loop power control requirement per antenna port.
· Define the transmitter OFF power per antenna port for UE with transmit diversity. The OFF power requirement per antenna port is FFS.

· ON/OFF time mask is applicable only for PRACH. The common understanding is that this is not needed for CLTD.

· Apply current change of TFC requirements to each transmitter port for UE with transmit diversity. 

· Apply current power setting requirements to each transmitter port for UE with transmit diversity. 

· Apply current HS-DPCCH requirements to each transmitter port for UE with transmit diversity.
· It was agreed that CLTD won’t be considered with the DC-HSUPA feature for Rel-11 filter.  
· It was agreed to adopt “Per Antenna” requirement for EVM. The requirements for EVM should be evaluated.
In the following section we analyze some of the remaining requirements and we provide the mathematical model which can be considered in order to evaluate the performance impact.
2
Analysis of the requirements
2.1
CM and MPR impact

In principle the CM may be impacted by the following factors:

Non-constant precoding weights: However the precoding weights are at most updated on a slot basis and the impact may therefore be ignored.

Addition of the S-DPCCH: The precoding weights and the S-DPCCH are used in such a way that the Cubic metric will be the same on both antennas. The addition of one more physical channel, the S-DPCCH, will typically, increase the cubic metric, depending on the position on the channelization code and branch used. The cubic metric impact will be small as long as the power on the S-DPCCH is small compared to the total power. There is no impact on the terminal power amplifiers due to addition of the S-DPCCH as the terminal is allowed to further reduce the maximum output power if the cubic metric increases. 

RAN 1 has decided the following:

-          S-DPCCH is transmitted on the Q-branch: Code 31

The impact on the CM based on this choice has been analyzed in [2, 3, 4]. 
We may conclude that there is no need to modify the CM definition or the MPR definition due to the introduction of S-DPCCH. Moreover the impact on the power amplifiers in the terminal will be minor due to addition of the S-DPCCH.
Proposal: the same definition and requirements of CM and MPR can be reused for CLTD. 

2.1
Frequency Error

For frequency error we propose to apply the same legacy requirement. In fact, we can safely assume that the same local oscillator is used to generate the frequency for the 2 antennas. Hence, the frequency offset will be common to the 2 signals. Since this is common, it can be considered as a scaling factor which can be possibly recovered by the receiver. 

Proposal: the same legacy requirements per antenna port can be applied for CLTD
2.3
Minimum Output Power

In the last meeting it was shown that ULTD is less efficient from a UE perspective at low power (see current consumption curves of PAs). However, since the BS is not mandated to follow a possible UE advice, a possible requirement on minimum output power may be needed. 
We propose to apply the requirement per antenna port and to keep the same legacy requirements. This will lead to a reduced dynamic range for the CLTD operation (3 dB less than for legacy UEs with single branch). However, it has been recognized already that the CLTD feature is not efficient at low power. Hence this reduction in dynamic range is not considered to be the bottleneck. 
Proposal: Apply the requirement per antenna port and re-use the same legacy requirements for UE with CLTD 
2.4
Tx OFF power 
The Tx OFF power is FFS.
2.5 
Occupied Bandwidth

We support the proposal done in [5].
2.6 
Out of band emission

Resubmission from [6]

2.6.1
ACLR
Out of band emissions are unwanted emissions immediately outside the nominal channel resulting from the modulation process and non-linearity in the transmitter but excluding spurious emissions. This out of band emission limit is specified in terms of a spectrum emission mask and Adjacent Channel Leakage power Ratio.

In the case a single carrier is assigned on the uplink, Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the RRC filtered mean power centred on the assigned channel frequency to the RRC filtered mean power centered on an adjacent channel frequency. ACLR is a relative measure, Pwc / PAdj≤β.

If the maximum power in the wanted carrier is reduced by 3dB, the power emitted in the adjacent portion of the spectrum will be as well scaled accordingly, hence the same ACLR limit can be achieved per antenna connector.

Of course the composite signal should also satisfy the same legacy ACLR requirements. 

Pwc,tot = Pwc, ant 1+ Pwc, ant 2

PAdj, tot = PAdj 1+ PAdj 2

The ratio of the wanted signal and the adjacent

(Pwc, ant 1+ Pwc, ant 2)/ (PAdj 1+ PAdj 2) < β 
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This can be satisfied also in case there is a correlation between PAs.

Hence we propose the following:

Proposal: Use the same legacy ACLR requirements and apply them per antenna port for UE with CLTD
2.6.2
 Spurious Emissions
Spurious emissions are emissions which are caused by unwanted transmitter effects such as harmonics emission, parasitic emission, intermodulation products and frequency conversion products, but exclude out of band emissions.

The frequency boundary and the detailed transitions of the limits between the requirement for out band emissions and spectrum emissions are based on ITU-R Recommendations SM.329-10 [7].
It should be noted that spurious emissions are defined per antenna port by the regulator. 
We propose the following:

Proposal: use the same handling as for LTE uplink MIMO, i.e. to apply spurious emissions per antenna port. 

2.6.3
SEM
The spectrum emission mask of the UE applies to frequencies, which are between 2.5 MHz and 12.5 MHz away from the UE centre carrier frequency. The out of channel emission is specified relative to the RRC filtered mean power of the UE carrier.
For the SEM there is a relative requirement and an absolute requirement; the relative requirement is the one which is applicable for high transmit power ranges (ex at maximum power). When the relative requirement is applicable, the same reasoning as for ACLR is applicable and hence we can apply the same legacy requirements per antenna port.

For powers where the absolute value are applicable a maximum of >= 3dB reduction would be needed. However spurious emissions are defined per antenna port, and we think that the same type of handling should be used for SEM.

Hence we propose to apply SEM per antenna port.    

It should be kept in mind that the SEM level achieved by the UE depends on the transmit power. In line with the view of other companies, we are proposing to define the in-band power per UE. Hence, since the transmit power per antenna port is reduced (3dB less power), the actually achieved SEM per port will be reduced as well. 

Proposal: Apply SEM per antenna port for UE with CLTD 

2.7
EVM

The EVM is a measure of the difference between the reference waveform and the measured waveform. In LTE, the same EVM requirement has been applied per port. It should be noted however that the received signal can be modelled in the following way 
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Where 
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=[x1,x2] is the transmitted signal on antenna 1 and 2, W is the precoding matrix, 
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is the channel matrix and 
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=[n1,n2]T is the AWGN and 
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=[e1,e2]T is the EVM of each transmitted signal (the model is shown in Figure 1).
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Figure 1. EVM model

Note that, the precoding matrix is build such that <w1,w2> is orthogonal to <w3,w4> and ||<w1,w2>||2 = 1.

Each EVM component ei is modeled as a Gaussian random variable ~ N(0, EVMULTD2). Note that the EVM can be also modeled before the precoding matrix. Thanks to the orthonormality of the precoding matrix, the variance of the noise on each port will be the same (always equal to EVMULTD2). 
The received signal before equalization will be affected by an EVM equal to 
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Where the EVM value we are interested in, corresponds to the elements on the diagonal, we call this EVMrx, i.e. the composite EVM seen at the NodeB receiver.
Case 1. The 2 branches are fully correlated: e1=e2
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Where Rhh=E[HHH].
The worst case is when the channel is fully correlated, which means that each element on the diagonal is 
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If the channel is fully uncorrelated, Rhh is 2I2x2 and the second term in equation (1) is 0. Hence


[image: image13.wmf]ULTD

rx

EVM

P

EVM

2

2

2

2

=


Case 2. The EVM random variables on the two branches are totally uncorrelated, E[e1e2*]=0
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Independently from the characteristics of the channel, each element on the diagonal is 
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EVMrx represents the composite EVM which is seen by each receiver antenna. Hence we can conclude that
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Consider the case such that the EVM requirement is defined per antenna port and the same legacy requirements are reused, i.e EVMULTD< γ (defined in 25.101). Equation (3) shows that the overall EVM seen by each receive antennas may be increased (
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) compared with the EVM experienced in the single transmit antenna case when a certain amount of correlation is present. However note that full per branch EVM correlation and full channel correlation in highly unrealistic

It should be noted that the EVM value may depend on the transmitted power level depending on the PA implementation. Legacy UEs satisfy the current requirement in 25.101, i.e. the maximum EVM value should <= γ % for each transmit power level. It can be also assumed that the EVM at P-3dB can be slightly reduced. 

Because of the justifications above, we do expect a negligible impact on the base station due to the possible slight increase of the overall EVM.
Moreover it should be noted that thanks to the equalizer the effect of the EVM can be further mitigated. 
For the pure antenna switching, the definition of EVM per antenna port does not impact the requirements. 

Proposal: apply the legacy EVM requirements per antenna port.
6
Conclusions

In this contribution we have discussed osme of the remaining issues related to CLTD.
In the particular the following proposals have been made:

Proposal 1: the same definition and requirements of CM and MPR can be reused for CLTD. 

Proposal 2: For frequency error the same legacy requirements per antenna port can be applied for CLTD
Proposal 3: Apply the requirement per antenna port and re-use the same legacy requirements for UE with CLTD 
Proposal 4: Use the same legacy ACLR requirements and apply them per antenna port for UE with CLTD
Proposal 5: use the same handling as for LTE uplink MIMO, i.e. to apply spurious emissions per antenna port. 
Proposal 6: Apply SEM per antenna port for UE with CLTD 

Proposal 7: apply the legacy EVM requirements per antenna port.
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