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1. Scope:
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.

This contribution shall be a complement to R4-115034, emphasizing the nature of the global in channel test, leaving some difficulties to find minimum requirements unsolved. 
2. Definition of terms:
To discuss carrier aggregation in connection with the global in channel test adequately, we think the existing terms must be extended:

Carrier:

36.101 Clause 5.7.3:

The carrier frequency in the uplink and downlink is designated by the E-UTRA Absolute Radio Frequency Channel Number (EARFCN)

36.101 Clause 6.5.2.2

Carrier leakage (The IQ origin offset) is an additive sinusoid waveform that has the same frequency as the modulated waveform carrier frequency.
With respect to the global in channel test, carrier was simultaneously the frequency of the LO. (The LO, responsible to convert the baseband into the RF domain) When discussing carrier aggregation, it is necessary to separate carrier and LO.

Proposal: Remove the notion LO from notion carrier  (for Carrier Aggregation, carrier and LO need not to be same) LO is directly connected to the implementation. 

Hence some notions or their interpretation must be revised: Carrier leakage ( LO Leakage

IQ image: This is the image with respect to the LO, not with respect to the (former) carrier

3. Introduction of the problem

The current global in channel TX Test for 1 carrier is based on the following principle that a reference signal is compared against acquired data.

The reference uses the following parameters: 
· data content, 
· modulation scheme, 
· nominal carrier frequency (sub carrier spacing and sample clock 30.72MHz are considered as dependent sub parameters), 
· nominal amplitude and phase for each subcarrier, 
· nominal timing, 
· and no contribution from  LO leakage 

to generate a sequence of samples at a sampling rate of 30.72 Msps in the time domain. 
The sequence of aquired samples are used to model a signal with the  parameters: data content, modulation scheme, carrier frequency, amplitude, phase, timing, LO leakage.  

Each of the parameters in the model and in the refernce can be compared to create a measurement result.
Amplitude, phase and timing are also results but differences are not perceived as errors.
Modulation scheme and data content must correspond in the model and reference.

The remaining difference is EVM for the allocated RBs and inband emissions (severals subtypes) for the non allocated RBs.
It is important, that the model parameters represent the implementation. If this is not the case, the algorithm breaks down, or creates uncontrollable results.

More parameters could be introduced, e.g. Sample clock and IQ imbalance. Then more results would be returned and the remaining difference and/or errors from modelled parameters would decrease. 
For the current global in channel TX test, the frequency of the LO is in the centre of the band and this fact is exploited for modelling.
For continuous carrier Aggregation (ContCA) the frequency (frequencies) of the LO (LOs) is (are) unknown, hence cannot be used for modelling. LO frequency agnostic algorithm would then be problematic to handle.
3. Algorithm for global in channel Tx tests
In case of ContCA we recommend, to analyse the bands separate

i.e. analyse one band, while the other CC is

   a. switched off,

   b switched on but unallocated

   c switched on and allocated.
The 3 levels of activity in the UL would require different limits for the analysed CC.

Analysing both CC with 2 known LOs in parallel would not be reflected with the current algorithm definition and measurement both CC in parallel would result in high complexity. The performance of such an algorithm has not been investigated yet.
In case of ContCA, with one common LO for all CC, the algorithm could be extended to enable that all CC can be analysed in common. However it should be noted that in this case it may happen, that image emissions are not inband.
4. Necessity to know the frequency of the LO in advance
The nominal LO position must be known in advance, to run the algorithm properly. However it is not necessary that the LO is in the centre. The existing algorithm can be modified to cover single Carrier or ContCA with equal or unequal bandwidth, with LO in the centre or outside the centre.

Then all results, returned by the global in channel TX test, (EVM, Frequency, LO leakage, inband emissions....) keep their meaning.

 To estimate or to measure the LO frequency, and to use this result for the Global in channel TX test makes risky assumptions that influence the algorithm.

Without knowledge of the nominal LO position in advance, we must remove this parameter from the model. 

This has the following consequences:

the effects caused by LO leakage cannot be compensated and spread into the other parameters, returned by the global in channel TX test, especially into EVM.
5. Meaning of tests results depend on test method
Also other measurement parameters that are indirect part of the global in channel TX test would get a different interpretation and therefore different meaning of a minimum requirement.
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:
Identifying LO leakage and measure its frequency does not replace the frequency offset, returned by the global in channel test. The latter one captures additional frequency errors, e.g. when processing subcarriers.
 6. Summary
It is understood from R4- 115034 that an LO agnostic measurement for the Tx performance for ContCA is desired. However a measurement algorithm makes assumptions which impairments can be compensated or are subject to separate minimum requirement definition. As the LO leakage is one of the results from the global in channel Tx test an agnostic LO detection method is interfering with the overall concept. 
Realistic options are with the reuse of the existing measurement algorithm are:
1.  Develop requirements for the three cases to analyse the UL signal
Measure one carrier, while the other one is: 

   a. switched off (Release 8 complaint),

   b. switched on but unallocated

   c. switched on and allocated.
(The existing algorithm assumes the LO in the centre of the measured carrier.)
In additional to 1) 

2. measure two carriers in common with one “declared” LO frequency 

3.  Remove the LO leakage from the minimum requirements and relax the remaining minimum requirements accordingly. This excludes 1 and 2.
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