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Introduction

In previous meeting several agreements have been reached in the context of CLTD [1]. The list of agreements is provided here from [1]

	Section Number in 25.101
	UE Transmitter Characteristics
	Status
	Testing method
	Comment

	6.2.1
	UE maximum output power
	Open
	Per UE
	For maximum output power tolerance, the upper limit shall be maintained and the lower limit is FFS.

	6.2.2
	UE maximum output power with HS-DPCCH and E-DCH
	Open
	Per UE
	 MPR requirement is FFS.

	6.2.3
	UE Relative code domain power accuracy
	Completed
	Per antenna
	 

	6.3
	Frequency Error
	Completed
	Per antenna
	

	6.4.1
	Open loop power control
	Completed
	 
	Open loop PC is not needed for ULTD

	6.4.2
	Inner loop power control in the uplink
	Completed
	 Per antenna
	 

	6.4.3
	Minimum output power
	Completed
	 Per antenna
	 

	6.4.4
	Out-of-synchronization handling of output power
	 Open
	 
	This aspect will be discussed in RAN 1 first.

	6.5.1
	Transmit OFF power
	Completed
	 Per antenna
	 

	6.5.2
	Transmit ON/OFF Time Mask
	 Open
	 
	 

	6.5.3
	Change of TFC
	Completed
	Per antenna
	 

	6.5.4
	Power setting in uplink compressed mode
	Completed
	Per antenna
	 

	6.5.5
	HS-DPCCH
	Completed
	Per antenna
	 

	6.6.1
	Occupied bandwidth
	Open
	
	

	6.6.2.1
	Spectrum emission mask
	Completed
	Per antenna
	 

	6.6.2.2
	Adjacent Channel Leakage power Ratio (ACLR)
	Completed
	Per antenna
	 

	6.6.3
	Spurious emissions
	Completed
	Per antenna
	 

	6.7
	Transmit Intermodulation
	 Open
	 
	 

	6.8.1
	Transmit Pulse Shape Filter
	 Open
	 
	 

	6.8.2
	Error Vector Magnitude
	Open
	 Per antenna
	Use the existing requirements for each antenna connector for same transmit power configurations

	6.8.3
	Peak Code Domain Error
	 Open
	 Per antenna
	Use the existing requirements for each antenna connector for same transmit power configurations 

	6.8.3a
	Relative code domain error
	 Open
	 Per antenna
	Use the existing requirements for each antenna connector for same transmit power configurations 

	6.8.4
	Phase discontinuity for uplink DPCH
	 Open
	 
	 

	6.8.5
	Phase discontinuity for HS-DPCCH
	 Open
	 
	 

	6.8.6
	Phase discontinuity for E-DCH
	 Open
	 
	 


In this contribution we address the phase discontinuity and relative phase discontinuity.

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 of 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 number of transmit antennas where the beams are very wide.  
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In previous contributions [2-6] it was already mentioned that the quantity of interest is the relative phase discontinuity which can be written as:
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Where 
is δ((t) is the phase misalignment at time ‘t’.

The RPD can be modeled as a matrix 
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If we model the receive signal as 
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It is clear that the SNR will be related to 


[image: image4.wmf](

)

W

D

H

H

D

W

H

H

H

~

~

=

L


The matrix
[image: image5.wmf]D
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impacts the SNR computation and hence the performance.
In real network operation, the impact of a non perfect tx ports calibration maybe reduced thanks to follow PMI  (Precoding Matrix Indicator) type of behaviour. 
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.
Documents [2-6] presents a model for the definition of the requirements in the context of UL-MIMO in LTE which can be considered as sufficiently generic in order to be applicable also for the CLTD case. 

However, in order to start the analysis it is proposed to first re-use the phase discontinuity requirements which are currently defined 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. The proposal is to apply the same legacy requirements per branch and to require

|δ(1(Δt)|= |(1(t1)- (1(t2) | < γ  and  |δ(2(Δt)| = |(2(t1)- (2(t2) | < 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
Simulation results are needed in order to see the degradation of the performance when this maximum relative phase discontinuity is considered. The worst case could be considered when the phase discontinuity on each antenna achieves the maximum value but opposite w.r.t the second antenna.
Depending on the outcome of this analysis a new requirement on the RPD may need to be studied further, by considering a specific model as done in [2-6]. 
One aspect that needs to be taken into account is the definition of the EVM test and of the phase discontinuity test.

The phase discontinuity test is related to the computation of the phase which minimizes the EVM in the tester. If the transmitted signal seen by the tester can be modelled as follows
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It has been decided to define the EVM per branch. In order to make sure the tester can compare the detected signal with the correct constellation the EVM test should be performed with a fixed precoder. The same fixed precoder should be used also for phase discontinuity test.
In RAN 1 the following activation status have been agreed (reported here for convenience)
	CLTD activation status
	Uplink channels

	
	DPCCH
	HS-DPCCH
	E-DPCCH
	E-DPDCH
	S-DPCCH

	1
	Primary pre-coding vector
	Secondary pre-coding vector

	2
	Physical antenna 1
	Physical antenna 2

	3
	Physical antenna 2
	Physical antenna 1

	4
	Physical antenna 1
	Not transmitted

	5
	Physical antenna 2
	Not transmitted


 
For example activation status 1 with a fixed precoding matrix or activation status 2 or 3 with proper definition of power levels could be used for the definition of the tests. Test equipment vendors can provide feedbacks on this.
6
Conclusions

In summary the proposals are as follows:

Proposal: Start the analysis on relative phase discontinuityby applying the phase discontinuity requirements which are currently defined in the specification which infer a RPD.

Proposal: check the impact in the base station through link level simulation results.

Proposal: check the impact by considering closed loop performance (impact thanks to PMI reporting).  

Proposal: Define EVM (and phase discontinuity for CLTD) with fixed precoder to avoid impact on the phase due to the changing precoding. For example activation status 1 with a fixed precoding matrix or activation status 2 or 3 with proper definition of power levels could be used for the definition of the tests.
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