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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 the phase discontinuity and the phase misalignment aspects.
2
Analysis of the phase discontinuity and phase misalignment

In this section we discuss in more details the problem related to phase discontinuity and phase misalignment. Initially we consider an ideal definition and then we provide a proposal on how we can define the requirements. The actual value of the requirement will need to be further studied. 

Phase discontinuity is defined in time domain as the change of the phase when passing from time t1 to time t2. The phase alignment between the branches is defined in the spatial domain as the difference in phase between antenna port 1 and antenna port 2.
Phase alignment errors change the direction to which the beam is steered. In a dynamic system, the phase misalignment between the antenna ports introduces an additional rotation to the channel matrix; hence they may change the optimality of the chosen precoding weight. In general the effect of phase alignment error is more visible for high number of transmit antennas because the beam becomes highly directional, while it can be considered as less problematic for small amount of transmit antennas where the beams are very wide.  

The phase of each branch can be modelled as follows [2-3-4]:
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[image: image1.wmf]Where we denote the absolute phases of transmitter branch #1 and #2 by 
[image: image2.wmf](

)

1

t

f

 and
[image: image3.wmf](

)

2

t

f

,   
where δ((t) is the phase misalignment at time t. The relative Phase Discontinuity (RPD) is defined as follows:
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Which leads to

RPD: δ((t1)- δ((t2) = (1(t1)- (1(t2) – ((2(t1)- (2(t2)) = δ(1(Δt)- δ(2(Δt)
Where δ(j(Δt)= δ(j(t1-t2)= (j(t1)- (j(t2) is the per branch (branch ‘j’) phase discontinuity.

RPD indicates how the phase misalignment between the different branches changes with time and as it is shown it is linked to difference of the per branch phase discontinuity. 
In general, it is intuitive to understand that the performance will be related to how fast the phase-misalignment between the two antennas are changing.

In the following we consider a simple mathematical model to show this.
The received signal can be written in the following way:
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 is the phase matrix. In the following section and in [2-3-4] it is argued that the phase on each branch will depend on the time instant at which the measurement take place and the power level at that time instant, hence more generally we can write 
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A baseline MMSE receiver would be as follows:
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Where the exponential 
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does not have any effect on the SNR computation.

It can be seen that when the test is performed with fixed precoder W, the introduction of the matrix D will have an impact on the performance, i.e. the presence of the matrix D introduces a rotation of the channel which may imply a suboptimality of the chosen precoder. This impact can be highly reduced with the use of follow PMI requirements, because the NodeB will estimate the composite channel
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. Of course if the channel matrix is (artificially) orthogonal the matrix
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does not have any effect; in frequency selective fading conditions this instead has an impact.
However, even in follow PMI type of performance the presence of the phase discontinuity/misalignment can be mitigated only if the RPD changes slowly between the time instant at which the NodeB estimated 
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 (time t1) and the time at which the preferred PMI is applied by the UE (time t2).

Hence, it is clear that it is important to guarantee that 
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varies slowly compared to delay of application of the preferred precoding matrix at the UE.
Moreover, the changes in the matrix 
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 may create ping pong effects in the optimal precoder choice when the channel hits a boundary between 2 possible precoders. 

Documents [2-3-4] present the factor which can influence the phase on each branch. These documents discuss a model which can be used in the context of UL MIMO for LTE. However the model itself is sufficiently general to be valid also in this case.

In summary the phase can be modeled as follows:
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Where fj(Pj(t)) is a non linear function which depends on the power transmitted on branch ‘j’ at time instant ‘t’, i.e. the phase changes in time depend on the power level, 
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 is a time dependent component. Additionally there may a cabling effect which translates into a delay dj which introduces a frequency dependent effect. 

The relative phase can be written as
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It can be noticed that the frequency dependent part is small comapred to carrier frequency and the variation in frequency domain over 5MHz channel may be small. Hence this term may be approximated by a constant.  
Moreover it was shown in [2-3-4] that the power dependent component of the phase only depends on the power currently transmitted at time t, without any memory about the past history, hence

If P1(t) = P2(t)=P
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Results and discussion on the actual values which can be associated to each component has also been provided in [2-3-4].

It can be discussed whether a detailed model needs to be considered in order to perform simulations or whether a random process approach (i.e. autoregressive model applied to the RDP) could be used in order to simplify the model and make abstraction from the different possible PA implementations:
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Where 
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 the parameter which governs the correlation.
The possible parameterization needs more analysis and it is left as FFS. 
In the following section we consider how this can be introduced in the specification.

2.9.1 Relative Phase discontinuity in the specification
The phase discontinuity currently is defined as the difference between the absolute phase used to calculate EVM for the preceding timeslot, and the absolute phase used to calculate EVM for the succeeding timeslot. The EVM is defined as the normalized magnitude of the error vector between the measured waveform and the reference waveform.  

The phase discontinuity requirement requires the UE to control the rapidity of change of the phase in time domain. One option would be to apply the same legacy requirements per branch and to require

|δ(1(Δt)| < γ  and  |δ(2(Δt)| < γ 
This would imply a requirement on the RPD 

δ((t1)- δ((t2) = (1(t1)- (1(t2) – ((2(t1)- (2(t2)) = |δ(1(Δt)- δ(2(Δt)| < 2 γ
This (induced) requirement may need further analysis to understand whether a loss in performance can be expected.
Alternatively one could use a different approach for the CLTD UEs, i.e. a new requirement on the RPD should be defined, without imposing a more stringent requirement on the per branch phase discontinuity.

|δ(1(Δt)- δ(2(Δt)| < 2 γ’
One additional open issue which is left for further study is whether the phase which optimizes the EVM depends on the precoder, and hence whether the current definition of the phase discontinuity suffers from the changes in the precoding vectors. 

6
Conclusions

In summary the proposals are as follows:

Proposal. Consider the following model as representative of the phase discontinuity/misalignment: the relative phase can be written as
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Proposal . Decide between two options

· Option 1. Detailed phase model needs to be considered for the analysis of the impact of phase discontinuity on the receiver performance

· Option 2. General phase model (i.e. random varying phase) can be considered for the analysis of the impact of phase discontinuity on the receiver performance

Proposal. If a random variable approach is considered a viable solution, one option would be (not the only one) an AR(1), i.e.
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Proposal. Consider defining follow PMI requirements for demodulation which would limit the impact of the phase misalignment in the receive performance i.i.f the relative phase discontinuity is sufficiently slowly varying 

Proposal. Discuss whether the requirements should be induced by a requirement on phase discontinuity or whether a new requirement on relative phase misalignment is needed.
Proposal. Study further the effect of the precoder change in the computation of the phase which minimizes the EVM.  
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