3GPP TSG-RAN WG4 Meeting #62 
(
 R4-120425
Dresden, Germany, 6th – 10th February 2012

Title:
             

Discussion on EVM and global in channel test for CA
Source:


Rohde & Schwarz

Agenda Item:
      
5.1.3


Document for:


Discussion 

0:  Definition of terms:

Carrier: centre of the operating cannel bandwidth together with its channels bandwidth
            (1.4 to 20MHz) 

LO: unmodulated RF, responsible for up conversion. 
(may or may not be the centre of the operating channel bandwidth). 
For this reason and in this paper “Carrier Leakage” is replaced by the new term “LO Leakage”.

Carrier leakage: This term is used in 2 different places in 36.101:

In clause 6.5.2.2 it is used for the LO, cross talking into the TX signal. The tester measures it in the time domain.
In clause 6.5.2.3 it is used for the effect of this LO to the concerned and adjacent RBs after demodulation.  For this reason and in this paper we introduce the new term: “LO Leakage Spread”

Below we propose to identify carrier Leakage with the Spectrum analyser. Let us call this “LO leakage SA”

1. Introduction and history
R4-115034, titled “EVM and global in channel test for CA” discusses how to find minimum requirements in the view of the global in channel test. However the nature of the global in channel test is not always considered adequately.

R4-115672 is the complement to R4-115034, emphasizing the nature of the global in channel test, leaving some difficulties to find minimum requirements unsolved. 
Currently the Global in channel TX test is used to measure
· Carrier Frequency offset (for this test we used part-  and full RB allocation, only QPSK, low downlink level)

· EVM (for this test we used full-  and part RB allocation, QPSK and 16QAM)

· LO leakage (for this test we used part RB allocation, QPSK),

· In-band emissions (for this test we used part RB allocation, QPSK),

The global in channel test is based on a model described by the following model parameters:

data content, 

modulation scheme, 

nominal carrier frequency  

no contributon from  LO leakage

no power in the unallocated RBs,

against which the real signal is compared, leading to the following results:

· carrier frequency offset

· LO leakage

And as residuals:

· EVM for the allocated RBs,

· Imband emissions for the unallocated RBs (3 types: General, Image and LO Leakage Spread)
2. Proposal
For continuous carrier aggregation (equal or unequal BW per carrier) we propose to measure per carrier with the following 4 part tests:
	Carrier 1
	Carrier 2

	Allocated(full and part), measured with the global in channel TX test  (see 3.)
	Active , but not allocated. Measured with spectral measurement (see 4.)

	Active, but not allocated. Measured with spectral measurement (see 4.)
	Allocated (full and part), measured with the global in channel TX test (see 3.)


The goal is, to re-use the Global in channel test as far as possible.

For the global in channel test (Rel-8), the LO frequency is assumed to be in the centre of the carrier.
3. In  channel TX test
For continuous CA, the LO frequency or frequencies are unknown.  There can be 1 LO for both carriers, (equal or unequal BW per carrier), or 2 LOs, one for each carrier.
We propose to re-use the existing algorithm (Rel-8).
When the model assumptions are true, (LO in the centre of the carrier) all results keep their interpretation. The spurious of the other carrier, spreading into the carrier under test, will affect the results, especially EVM and in-band emissions.(example 3 and 7 below)
When the model assumptions are not true, this has the following consequences:

The result “LO leakage” will give a zero or almost zero result.
This is the only consequence, if the LO is in the other carrier or in between the carriers.
(Example 2,4,5,6 below. The in-band emissions in the carrier under test are all of the type “general”. LO Leakage and Image are in the other carrier.) 

When the LO is in the carrier under test, but not in the centre, this LO leakage will spread into all the other results. The main parameter, where the LO leakage spreads into, is LO Leakage Spread.  The spread into EVM is substantial for some RBs near the LO, if allocated there, but less substantial due to averaging. The spread into carrier frequency offset is assumed to be low. When measuring in-band emissions, the LO leakage will appear at an unknown frequency, and together with this, the image of the allocated RBs. (Example 1 below)
4. Spectral test 

The other carrier is measured in a second step, using a spectrum analyser with adequate BW. 
At this place we want to emphasize that the interpretation of equivalent measurement results stemming from the In Channel Test or from the SA have different interpretations. Here are three examples:
1. In-band emissions: The SA measures the power spectral density of inband emissions, while the Global in channel TX test measures the orthogonal components of those emissions, which are responsible for demodulation.

Another example is frequency error:

2. Frequency error: Identifying LO leakage with the SA and measure its frequency is different compared to the frequency measurement, returned by the global in channel test. The latter one captures additional frequency errors, e.g. when processing subcarriers.
3. LO leakage, measured with a SA has approx a dirac shape. After test specific signal processing (subcarrier /2 shift and FFT) it re-appears as LO Leakage Spread, with a totally different shape. (Approx. up(down staircases covering several RBs). LO leakage, measured with the Global TX as result of compensation test in the time domain, may capture additional spectral components, compared to the SA measurement.  However note, roughly there are 3 different appearances of the same phenomenon. 
The measurement results in this carrier are
· In-band emissions (general),

· image. (If at all, then at unknown frequency)
· LO leakage: (If at all, then at unknown frequency)

Note: LO Leakage Spread can not occur, since there is no specific signalprocessing (subcarrier /2 shift and FFT)
5. Exotic cases
5.1 It may happen that the image of the allocated RBs are outside of both bands, making it easier for the UE to pass in-band emissions (image). But in this case an additional interferer will be added on top of the out of band emissions.
5.2 To formulate the minimum requirements for in-band emissions “LO leakage spread” and “Image”

with respect to

level limit

“generic” position in frequency

number of exceptions 

we need a common understanding for realistic and unrealistic LO configurations.

3 examples, R&S perceives as realistic (unequal BW per carrier)
	carrier 1,   BW 20MHz,                                                               
	carrier 2, BW 10MHz.

	LO1 in the centre of 20MHz                                                     
	LO2 in the centre of 10MHz


	carrier 1,   BW 20MHz,                                                               
	carrier 2, BW 10MHz.

	1LO in the centre of 20 +10MHz


	carrier 1,   BW 20MHz,                                                               
	carrier 2, BW 10MHz.

	1LO in between of 20 and 10MHz


R&S perceives as unrealistic (Example):

Carrier 1,   BW 20MHz,                                                                           
Carrier 2, BW 10MHz.

LO 1: serves for 15 MHz in Carrier1, LO2 serves for 5 MHz in Carrier1  + the entire Carier2.

6. Measurement approach:
	Carrier 1
	Carrier 2

	Allocated(full and part), measured with the global in channel TX test  (see 3.)
	Active , but not allocated. Measured with spectral measurement (see 4.)

	
	


To use the test method below, it is necessary that RAN5 is able to discriminate the effects (LO leakage, Image in the different measurement methods) in spite of unknown LO frequency.
· Test EVM of carrier 1 against the test requirements.
· Test Frequency Error of carrier 1 against the test requirements.

· Test

     - LO leakage from Carrier 1 as the result of the compensation.

            -LO Leakage Spread from Carrier 1 (triangular stair case)
      -LO leakage from Carrier 2 (dirac shape)
In case of 1LO in between the carriers, none of the three measurements will have a substantial contribution.

In case of 1LO in 1carriers, only 1 of the three measurements will have a substantial contribution. Which one is unknown in advance.
In case of 2LOs, only 2 of the three measurements will have a substantial contribution.

· Test
      Image from Carrier 1 (using global in channel test)
      Image from Carrier 2 (using SA with adequate  BW)
      Only one of the two measurements will have a substantial contribution.

· Test in-band emissions “general” from both carriers.

	Carrier 1
	Carrier 2

	
	

	Active, but not allocated. Measured with spectral measurement (see 4.)
	Allocated (full and part), measured with the global in channel TX test (see 3.)


Logically the same measurements are done for the other carrier configuration.
The tests of both configurations must pass, even if some effects (e.g.LO leakage) are tested twice, with different methods.)
7. Examples
Unequal BW e.g. 20, 10MHz

GIT=global in channel test,  SA Spectrum analyser test,
Black: Position of allocated RBs and LO 
Colour: Measurement
2 examples: 1  LO in the centre of both carriers

1 example: 2 LOs, 1 per carrier , the other example is symmetric
2examples: 1 LO between the carriers 

[image: image1]
Equal BW:
1 examples: 1  LO in the centre of both carriers, the other example is symmetric

1 example: 2 LOs, 1 per carrier, the other example is symmetric

[image: image2]
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