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1 Introduction

During the NR study item, the topic of ACLR levels and the appropriate spatial metric has been discussed in a few contributions. For the basestation, due to the nature of the distribution of UEs around the basestation TRP is an appropriate metric. [1] discusses further the reasons for this and [2] how measurement complexity kept reasonable.
For UEs, the interference conditions are somewhat different and the appropriate metric should be further considered in order to come to a decision. This paper captures some considerations and some key questions that should be explored in order to decide on an appropriate metric.
2 Discussion

The co-existence scenario for a UE differs from a BS. Furthermore, it is important to consider whether the co-located or non co-located coexistence scenario (or both) should drive the requirement.

In the co-located scenario, the UEs transmitted beam is pointed directly at both the serving and the victim basestation. Thus, if there is directivity in the adjacent channel emissions, then the interference towards the victim BS will increase. In the non co-located case on the other hand, in general the serving basestation is in a different direction to the victim basestations, and thus if the adjacent channel emissions are beamformed the energy towards the aggressor are actually reduced.
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Figure 1: Co-location scenario for co-existence
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Figure 2: Non co-location scenario for coexistence
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Figure 3: Probability of difference between serving and victim azimuth direction for non co-located scenatio
For downlink simulations, initial results shown at RAN4#80bis indicated that the co-located case dominates co-existence performance [3]. However in the uplink, the same conclusion might not apply. The reason is that in the downlink, there is no power control and thus only the difference in UE antenna directivity makes a difference, whereas in the uplink, power control is applied; thus if a UE has a good channel towards the serving & victim basestations and could cause interference, the TX power would anyhow be reduced.

Question 1: Does the co-located or non co-located scenario dominate uplink co-existence ?

A second issue is how beamformed the adjacent channel emissions are. Within a panel, this will in particular depend on whether emissions components are strongly correlated between transmitters. In the case that more than one spatial layer is transmitted, then the input signals to the PAs become decorrelated, and the distortion products from the input signals will also become decorrelated. Further sources of decorrelation can include increasing and potentially decorrelated phase noise further from the carrier, depending on the architecture. If panels are mounted facing in different directions (as in the example UE architecture for the WP5D simulations) then presumably only one panel is activated and the unwanted emissions will have some spatial directivity.
Question 2: To what extent can it be expected that adjacent channel emissions are directed in the same manner as the wanted signal ?

Question 3: To what extent does the directivity of adjacent channel emissions vary between implementations ?

Even if the adjacent channel emissions are fully correlated and directed in the same manner as the wanted channel, there still exists the possibility of different UEs creating different beamwidths and degrees of directivity. Different directivity levels will impact EIRP (and also adjacent channel emissions going in the opposite direction to the beam) but not TRP. 
Question 4: How to deal with the possibility of the EIRP-TRP relationship being implementation dependent.

If a requirement would be placed on EIRP for adjacent channel emissions, then consideration is needed as to the directions in which EIRP should be measured. In case the answer to question 1 is that the non co-located scenario dominates co-existence performance, then the EIRP should be measured or averaged in different directions to the main beam. Even if EIRP in the beam is of interest, if the UE (as is very likely) is made of multiple panels facing in different directions, then presumably an unwanted emissions test would be needed at least once for each panel. Potentially further testing may be needed for different beam steering directions.
Question 5: If an adjacent channel emissions metric would be directional, in which set of directions should it be defined ?  For which beam steering possibilities should it be measured ?

A further issue is measurement complexity. This is discussed more in a separate paper. For the basestation, it has been observed that TRP can be closely approximated by taking measurements over a sparse grid, and potentially reducing measurements to only being made over regions of space in which emissions are expected (e.g. around active panels). Normalization is then made with respect to the whole sphere. For UEs, a similar approach could be adopted, in which case the difference from a measurement point of view would be whether EIRP measurements are made at a number of positions with different beam steering, or EIRP measurements are made in a number of positions with all panels active and post-processed with an averaging to get to TRP [2].  As discussed in [2], for a UE the measurement facility could be quite small. An alternative for in band emissions such as ACLR is of course the reverberation chamber for TRP. Presumably, since in band measurement of EIS from multiple directions is proposed, an anechoic chamber with the facility to rotate a UE test object is feasible, as is a reverberation chamber.
Considering that in either case, in the end a set of measurements will need to be made in different directions, it is not at this stage clear whether there is any difference in measurement complexity between EIRP and TRP metrics. TRP also enables other measurement possibilities.

Question 6: Is there in reality any significant difference in measurement complexity between EIRP and TRP metrics ?
3 Conclusion

This paper raises a number of questions (with a few viewpoints) in regard to the metric for adjacent channel emissions (both TRP and EIRP).

It is recommended that questions 1-4 are addressed first as these relate to which metric is correct. If it is observed that one is correct and the other incorrect, then a means needs to be found to define and measure the correct one.

Question 1: Does the co-located or non co-located scenario dominate uplink co-existence ?

Question 2: To what extent can it be expected that adjacent channel emissions are directed in the same manner as the wanted signal ?

Question 3: To what extent does the directivity of adjacent channel emissions vary between implementations ?

Question 4: How to deal with the possibility of the EIRP-TRP relationship being implementation dependent.

Question 5: If an adjacent channel emissions metric would be directional, in which set of directions should it be defined ?  For which beam steering possibilities should it be measured ?

Question 6: Is there in reality any significant difference in measurement complexity between EIRP and TRP metrics ?
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