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1 Introduction
In RAN4#80 a way forward on NR BS RF parameters [1] was approved in which the following agreement on EVM was captured:
Further investigate options:

· ACLR based on  TRP 
· ACLR based on EIRP (in centre of main beam)
Investigations in the AAS WI have been presented [2]

 REF _Ref462661157 \r \h 
[3]which indicate that the impact on networks on the adjacent channel is affected by the total radiated adjacent channel power (with respect to the wanted power) rather than the level of ACLR in the main lobe. However there has been discussion if for NR the ALCR will be so called ‘flat’ (i.e. the same in all directions) or if it will vary. Whilst this issue was also investigated in AAS, it may be that different assumptions and architectures in NR will result in a different answer. This is further investigated in this paper.
2 Discussion

2.1 Background (AAS)

It is well known that if the shape of the unwanted signal (in this case adjacent channel noise) is coherent then it will be subjected to the same beam forming and the wanted signal and hence the ACLR is ‘flat’ over the spatial domain.
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Figure 1. Coherent  (flat) ACLR

The simplest example of an architecture which generates this response is a non-AAS architecture with a passive antenna where all the beam forming is done after the active electronics in the antenna array. It can be noted that such an architecture can also be regarded as a simple AAS and hence is an acceptable implementation of an AAS and is considered in the requirements.
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Figure 2. Simple passive beam forming AAS architecture
At the other extreme if the unwanted signal is non-coherent then the unwanted signal will not be beam formed and will tend towards the element pattern. In such case the ACLR ratio varies depending on the direction.
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Figure 3. non-coherent  ACLR

Note it is also feasible that the unwanted signal could be non-coherent to the wanted signal but some form of coherence between branches exists which causes the unwanted signal to form a beam but not the same beam as the wanted signal. This will also causes a varying ACLR pattern. In the co-existence analysis done in 3GPP however as the location of UE’s is random on each drop the beam forming is also random and hence such scenarios tend to average out to be the same as the fully non-coherent scenario shown in Figure 3. Such scenarios will hence not be further discussed.
An example of a system where the adjacent channel noise is non-coherent is a BB beam forming system where an active transceiver drives a single antenna element. 
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Figure 4. Simple base band beam forming AAS architecture

The adjacent channel power in such as system may come from a many sources which may or may not demonstrate different levels of coherence.

· PA distortion – generally the largest contributor to adjacent channel power. Whilst a simple assumption may be that all PA’s are identical then the distortion from each is the same. Whilst this may be the case it requires a number of additional assumptions to be true

· The signal in each PA is the same.

· this is not true when beam forming (although 3rd order distortion mathematically will steer in the same way as the wanted signal).

· Not true if multiple UE’s are being addressed through the PA’s – either by multi-carrier transmission, MU MIMO or any other means.

· The PA’s are all biased at the same point – array tapering can be used to reduce side lobes resulting in lower powers at the edges of the array – in such cases PA’s may be operating at different set ups to maintain efficiency.

· Linearization artefacts - most PA’s use adaptive linearization (generally DAPD) to maintain good linearity and efficiency. In such cases the adjacent channel noise is the resultant of the PA distortion and the linearization pre-distortion. Clearly there are many means of doing this, however the linearizers are designed to maintain the wanted signal coherence and the level of the adjacent channel noise. There is no guarantee that the linearizer effect on the coherence of the adjacent channel signal will be identical in each case.
· LO Phase noise – this is probably not a dominant contributor in a wide area system at today’s cellular frequencies but for lower power systems as frequency increases it may become an issue. The impact of LO phase noise depends on architecture. If a common LO is shared then it will be coherent however if the LO is generated separately for each TRX unit the noise may not be coherent. 

· Converter noise – again in today’s high power systems this is perhaps not a contributor to ALCR however as BW’s increase it is possible that it may start to contribute. It is unlikely such a noise source would be coherent and form a beam.
The specification is intended to allow all reasonable implementations of AAS architecture, it is clear that within the scope of the AAS architecture it is possible that adjacent channel noise may be coherent, non-coherent or anywhere in between. 

For AAS the requirements are designed to offer the same level of protection to adjacent networks whatever the architecture, the specification is made suitable for coherent and non-coherent systems hence the requirement is based on the ratio of the total wanted power and the total adjacent channel power.
2.2 OTA requirement

If it is accepted that TRP or total integrated power is the important parameter or the ACLR requirement (this is the case in AAS). Then the purpose in using an EIRP in the beam centre requirement would be to minimize the test and measurement complexity.  

Looking at the ACLR of a non-coherent and a coherent system.
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Figure 5. Coherent and non-coherent  ACLR both 45dBc TRP / integrated power
Once again this result is well known, however it highlights the difficultly in specifying the ACLR over the air. Both curves in Figure 5 represent the same total adjacent channel power (and result in acceptable adjacent channel performance in a coexistence simulation). 

Clearly measuring the total radiated adjacent channel power is equivalent to the current per TAB connector (conducted interface) approach used in REL13 AAS.

If the requirement was specified as EIRP in the centre of the main beam, at the same level as the existing specification (45dBc) then the following result would be acceptable
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Figure 6. Coherent and non-coherent  ACLR 45dBc EIRP in centre of main beam

In this case the total integrated noise of the non-coherent system is 35dBc not 45dBc. 

This is because measuring the adjacent channel power in the centre of the main beam when the noise is non-coherent gives an ALCR which is 10log(NTRXU) (in this case 10dB)  better than that the TRP ACLR. Hence in this case the system performance can be degraded by 10dB and the requirement still met. This would result in a degradation in co-existence performance so is not acceptable.

To prevent this the requirement would need to be offset by the number of transceivers i.e. 45dB + 10log(NTRXU). However in this case if the noise is non-coherent then the system performance would have to be 10dB better in order to meet this requirement. Whilst this may not impact system performance it would place significant restrictions on the implementation and  efficiency of the hardware, and is hence also not acceptable.

So if the requirement is to be specified in the centre of the main beam then additional information is required:

· The coherence of the adjacent channel signal

· The number of TRX units

This also only deals with the extreme conditions, partial coherence would be even harder to define a requirement.

The only method to determine the coherence of the adjacent channel signal over the air would be to measure its beam pattern and compare it to the wanted signal. However if you need to measure the beam pattern of the adjacent channel power in order to determine its coherence then you have effectively measured the TRP (or integrated total power) anyway.
Clearly if it is necessary to measure the adjacent channel noise beam pattern then there is no measurement advantage in specifying the ALCR requirement as EIRP in the main beam.
2.3 NR Architecture

The NR architectures being discussed are slightly different from the AAS architecture. The NR ‘hybrid’ beam forming architecture uses a combination of some BB beam forming as well as RF beam forming.
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Figure 7. Possible Hybrid NR architecture

With such an architecture it is possible that the requirements apply per panel? Or for the whole system. In AAS the approach has been taken to treat the whole system as a black box. 

Requirement per system?
If the requirements are per system (i.e. multiple panels)  then it can be considered that BB beam forming is used, as such the multiple beams can be generated through the same PA’s and the signals in each PA are not the same. The wanted beam pattern and the adjacent channel beam pattern will be non-coherent whatever the similarity between PA’s. As such the same arguments used for AAS can be made which lead to a TRP/integrated power type ALCR requirements.
Requirements per panel?
If the requirements are per panel and only analogue beam forming is done then the same BB signal is applied to each PA (with the exception of the beam forming phase and amplitude). The analogue amplitude and phase shifters cannot select different beam forming for different channels, sub-blocks are MIMO users, they can only select in time.

The signals are therefore coherent up until the split and the analogue beam forming network. The only significant source of non-coherence is the PA. The PA is likely to be the largest contributor to adjacent channel however so in such a scenario it could be argued that if the PA’s were identical then the adjacent channel noise is likely to be coherent and an EIRP requirement in the main beam is sufficient.
Although it is possible for one implementation of NR the ALCR is likely to be flat, and hence an EIRP in the main beam requirement is sufficient to characterise the adjacent channel performance, there are many assumptions and restrictions on architecture which need to be imposed.
In reality all PA’s are of course not identical, even if the designs are identical, they operate at different temperatures (even within a single mechanical enclosure) which may change their distortion response. Component tolerances are another source of variation, and of course care must be taken that the distortion responses are not deliberately altered in order to de-correlate the 3rd order products and hence reduce the adjacent channel noise in the main beam without reducing the total adjacent channel power.
Once again it seems likely that in order to verify that any design does indeed generate coherent adjacent channel beam patterns then it would need to be verified and hence any advantage in having an EIRP in main beam requirement would be lost.
3 Summary
Based on the co-existence findings from AAS the and the assumption that co-existence performance is based on the total radiated adjacent power rather than the power in a specific direction the NR system has been disused to see if possible difference in the architecture would allow for an EIRP (in main beam) ACLR requirement rather than a TRP / integrated power type requirement as is being recommended for AAS.
Whilst some differences in possible NR architectures could lead to a scenario where the ACLR can be assumed flat. It seems that the architectural assumption (and hence implementation restrictions) required to guarantee such a system are very restrictive. Furthermore there are sufficient sources of variation even if such restrictions were used that it would still be prudent to check that the adjacent channel noise actually is coherent.
Using a TRP / integrated power ratio for ACLR hence offers the correct level of co-existence protection whilst offering a black box requirement which does not limit the NR BS architecture.

It is therefore proposed that the ACLR requirement is based on TRP / integrated power.
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