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Discussions and Decision
1 Introduction
Current RAN4 discussions focus on deriving the new applicable RF requirements for BS with AAS. In RAN4#62bis, the uplink receiver blocking and the transmitter ACLR have been decided to be the initial focus of the simulation studies. In [1], the following has been agreed:

· The following approaches have been identified for studying the ACLR requirement for BS with AAS: 

1. 
Model spatial ACLR due to partially correlated unwanted emissions from array elements of the AAS. 

· Considerations of composite ACLR vs. per-element ACLR 

2. 
Fully correlated unwanted emissions from array elements of the AAS i.e. the energy that falls in the adjacent channel are in phase with respect to the array elements. 

· Agree on the antenna model and the baseline coexistence and application scenario for further analysis and/or simulations by interested companies. 

· Simulations of possible worst case conditions are not precluded in later phase of SI or during the WI  

· Conclude on whether there is a need for new AAS ACLR requirements in the next RAN4 meeting (RAN4#64).  

As listed above in the first bullet, two alternatives have been proposed for further study on the ACLR requirements for BS with AAS: first by modeling of the partially correlated unwanted emission or alternatively by assuming full correlated unwanted emissions. In this contribution, we provide analysis on the option of fully correlated unwanted emission (Option 2). It is important to be highlighted that Option 2 also corresponds to the FCC “measure-and-sum” approach as described in Section 4.3.4 of the Technical Report [3]. 
2 Discussions
ACLR is the Adjacent Channel Leakage power ratio of the mean power centred on the assigned channel frequency to the mean power centred on an adjacent channel frequency. The ACLR requirement is derived by system simulation of the co-existence between two E-UTRA systems where it is assumed that the capacity or throughput loss of the victim system shall not exceed 5%. 
During this study phase, one of the main considerations is to understand how the existing ACLR requirement in Release 10 is affected by AAS and defining the methodology to compute and text any new ACLR requirement. This section continues to address these issues. 
Figure 1 show the test output port based on the AAS Radio Architecture from Figure 4.5.7.1-1 of the TR. 


Figure 1: Transmitter Test Set-Up

The Output port is at the output of the Radio Distribution Network (RDN). This output port location supports both form of testing: OTA or Conducted test.  
In a passive array system, the signal of interest and the IMD energy all comes from a single radio and a single amplifier.  At the EAC, all the energy is in phase (with itself) for both the signal and the IMD products. The IMDs that fall in the band and at the adjacent channel also are all in phase with respect to the antenna elements. 
For an active antenna array system, the multiple transceivers could results in spatial properties that need to be taken into considerations.  

Wanted Signal in Assigned Channel:

· The signal of interest represents a number of channels on one element of the AAA array. Based upon the element position within the N element array, the various carriers will have differential phases (differential with respect to other elements) in order to create the downtilt (RET downtilt). 

· In the far field, the signal of interest (intended) will sum appropriately due to the impressed phases to accomplish the downtilt.
Unwanted Signal in Adjacent Channel:

· The unintended IMD energies (and also the ACLR experienced in the adjacent channel) will be related to the IMD products.  The IMD products, unlike the signal of interest, will not necessarily sum in phase at the downtilt angle of interest, as the IMD products will not all be in phase, as they are generated as multiples (m +/- n IMD products) of the multiple carriers, and the carriers have differing phases from element-to-element due to the impressed 
· To assume the worse case total level for the undesired non-linear signals in the adjacent channel, the unwanted signals can be are assumed to combine coherently.
3 Fully Correlated Unwanted Signals
One approach being proposed in [1] is to assume that both the wanted signal and unwanted out of band signals sum in a correlated manner, respectively. This would result in the worst case scenario for the ACLR and also equals the ACLR requirement for the passive antenna array. 
For the fully correlated case, at the EAC, all the energy is in phase (with itself) for both the signal and the IMD products. The IMDs that fall in the band and at the adjacent channel also are all in phase with respect to the antenna elements. This scenario is equivalent with the ACLR requirement for BS with passive antenna array where the signal of interest and the IMD energy all comes from a single radio and a single amplifier.

· Observation: The existing ACLR requirements in Release 10 is equivalent to ACLR requirement for BS with AAS when there is fully correlated unwanted emissions. 
A simple analysis is shown next. The following assumptions are made in the following analysis: 

· The unwanted signal in adjacent signal is modelled as uncorrelated signals in the assigned frequency. In other words, the different frequency band is not being considered. 

· The elements are identical and the weighting vector associated with each element is also assumed to be identical. This assumption therefore assumed a 1:1 mapping of the transceiver to the antenna element by the Radio Distribution Network (RDN).

· Only second order IMD is considered.

With the above assumptions and similar to the formulation in [2], the array pattern 
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where 
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 is the element antenna pattern and W is the weighting vector. R is the N x N array correlation matrix given by 
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Therefore, for fully correlated element resulting in in-phase combining at the far field, the mean antenna gain is given by 
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Where U is the all-1 matrix and I is the identity matrix. Similarly, for zero correlated elements, the mean antenna gain is  
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Hence, it is clear that the mean antenna gain for uncorrelated unwanted signals is upper bounded by the full correlation antenna gain, where the latter resulting in larger ACLR requirement.
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3.1 Example: 8 x 1 Column Array
From the above simplified analysis, it can be assume for the ease of explanation that signals of interest add in phase with power summation that can be modelled by the 20 Log N (summation related to N2) and IMD products add ‘out-of-phase’ resulting in power summation modelled by a 10 Log N variation.

The unwanted signals in the adjacent band would sum according to 20 log N and 10 log N for fully correlated and the uncorrelated case, respectively. This would result in 10 log N dB lower unwanted signal in the uncorrelated case. Using the example of N = 8, the unwanted signal in the adjacent band would result in 10 log (8) = 9 dB lower than in the fully correlated case. 

Note that even when measurements at a certain angle away from the main beam are considered, the desired signal will goes down by the array roll-off of the pattern and it is possible that the undesired signal may become more coherent at this certain offset angle. However, even when the undesired signal becomes fully coherent the ACLR will at worse become the fully correlated case since the antenna roll-off would apply to both desired and undesired signals.

· Observation: With the same ACLR requirement (in Release 10), the ACLR performance for BS with AAS is 9 dB less stringent in uncorrelated case compared to the fully correlated case.

4 Conclusions

In view of the above observations, we propose the following text proposal for Section 6.2 (Transmitter Spatial Characteristics) of the Technical Report. 

<start of text proposal>

6.2 Transmitter spatial characteristics 

6.2.1 Adjacent Channel Leakage Ratio

ACLR is the Adjacent Channel Leakage power ratio of the mean power centred on the assigned channel frequency to the mean power centred on an adjacent channel frequency. For BS with AAS, the ACLR requirement can be applied at either the output of the individual transceivers (B) or at the output of the Radio Distribution Network (A). Test ports different from A or B are not precluded and further studies and revisions can be applied where necessary. 

For BS with AAS, the ACLR possesses a spatial characteristic where different ACLR values may apply due to beamforming properties and use of multiple transceivers of the AAS. Note: Maximum ACLR requirement for the BS with AAS corresponds to when the unwanted emissions in adjacent channel are fully correlated. 

<end of text proposal>
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