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1 Introduction

During RAN4#79, there was some discussion on the spatial properties of unwanted emissions and the correct metric to use for capturing unwanted emissions [1]. Several contributions proposed the use of integrated emissions power around the whole sphere (i.e. total radiated power). We believe that this is the correct metric to use for unwanted emissions requirements, and using e.g. EIRP would lead to misleading results and potentially reduced protection for co-existing systems. This paper provides some simulation results that were submitted to RAN4#79 as part of the BS AAS Work Item, since they are also very relevant to the discussions on unwanted emissions for NR.
2 Unwanted emissions metric
[1] outlined how the spatial pattern of unwanted emissions is unlikely to align with the pattern of the wanted signal. The unwanted emissions may be beamformed differently to the wanted signal or may be smeared out in space, due to the phases of the unwanted emissions components being uncorrelated between different transmitters. Most likely is that unwanted emissions will be a combination of the two, but will be mostly spread out in space.

One way to measure emissions is to measure the total unwanted emissions power radiated from the basestation in all directions. This is often known as total radiated power (TRP). In theory, TRP implies making measurements around the whole sphere. In practice, as outlined in [2], measurements may be made on a more finite grid and potentially excluding some directions in which unwanted emissions will physically not radiate. Measurement procedures and accuracy can be discussed elsewhere, but for now it should be stressed that TRP does not necessarily need to be measured on a very fine grid around the whole sphere for capturing unwanted emissions.
The unwanted emissions power in a particular direction is referred to as EIRP (Equivalent Isotropic Radiated Power). EIRP will vary in different directions and potentially with time. Maximum EIRP is not necessarily the same as the direction of maximum EIRP for the wanted signal. Thus for measuring EIRP, measurements will need to be made around the whole sphere in order to determine which is the direction of maximum EIRP. Also, measurements may need to be made for different beamforming configurations.
The chances of unwanted emissions being correlated and beamformed is greatest for adjacent channel emissions and very low for out of band emissions. At this stage, it is not clear just how correlated adjacent channel emissions could be between transmitters. It is quite possible that the amount of correlation in unwanted emissions may be design dependent and differ for different implementations. 
Meeting an EIRP requirement with a beam that is generated from a correlated set of transmitters is quite different to meeting an EIRP requirement with a beam that is dispersed in space. Figure 1 illustrates an exaggerated example of the difference between a concentrated transmission and a dispersed one, with both meeting an EIRP requirement. The dispersed transmission will transmit a larger amount of overall power than the concentrated transmission and will cause a larger co-existence impact.

The example in figure 1 is exaggerated because it is likely that most unwanted emissions will be dispersed, so the concentrated emissions beam is not likely to exist. However the spatial width of dispersed beams could vary significantly enough that if the EIRP would be fixed, the total power would be variable.
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Figure 1: Exaggerated example showing dispersed and concentrated spatial radiation of unwanted emissions
3 Simulation results
In order to investigate the impact of using TRP and EIRP as a metric, some downlink co-existence simulations have been performed within the AAS Work Item using the assumptions of 36.941. The simulations are performed for E-UTRA with full buffer and a hexagonal grid deployment. Although for NR the RAT and deployment will differ, the trend depicted in the simulation results is nonetheless expected to be similar for NR.

In the simulations, the UE ACS has been fixed to 33dB. The ACLR at the basestation is varied. ACLR is fixed using one of 3 criteria:

· At the output of the radio transmitters (antenna connector), as in today’s E-UTRA specifications

· As TRP over the air

· As maximum EIRP over the air

Two extreme cases of correlation of unwanted emissions between different transmitters have been modelled; 0% correlation and 100% correlation. 100% correlation implies that the unwanted emissions have the same beam pattern as the wanted signal; this is the case for a traditional passive array but extremely unlikely for an active system, but is simulated as an example. 0% correlation leads to the unwanted emissions being smeared in space.

A 4x8 dual polarized multicolumn array performing optimal user beamforming is modelled. The annex to this document indicates further simulation assumptions.
Figure 2 shows BS ACLR vs throughput loss in a victim system with the assumption of 100% correlation in adjacent channel unwanted emissions. Three curves are depicted; “Connector ACLR” indicates the ACLR at the antenna connector position in the array (i.e. where the ACLR requirement applies today). “TRP ACLR” and “EIRP ACLR” indicate the co-existence performance when the ACLR requirement is applied as EIRP or TRP. The curves all coincide indicating that with 100% correlation, the metrics are equivalent.
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Figure 2: Coexistence performance when unwanted emissions are 100% correlated and the emissions are modelled as spatially beamformed
Figure 3 shows the ACLR vs throughput performance for the case that the adjacent channel unwanted emissions are uncorrelated between different receiver branches. The results when ACLR is set at the antenna connector or as TRP coincide. However if ACLR is set based on EIRP, then coexistence performance degrades significantly. This arises due to the effect described in section 2; when the emissions are spread out, the maximum EIRP is met whilst a significant amount of power is radiated in other spatial directions.
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Figure 2: Coexistence performance when unwanted emissions are 0% correlated and the emissions are modelled as not beamformed
The fact that a requirement based on TRP is equivalent to a requirement based on connector ACLR is intuitive; the power at the connector is the same as the power that will be radiated (assuming no significant losses). Should the requirement be based on EIRP, then the impact of the unwanted emissions on co-existence would depend on the level of correlation of unwanted emissions between transmitters, which is unknown and may be implementation dependent.

4 Conclusion

This contribution provides coexistence simulation results that indicate that, if the OTA unwanted emissions is based on total radiated emissions around the basestation, then the co-existence performance provided by the OTA unwanted emissions requirement will be the same as with the requirements of today. If the requirement would be based on directional emissions power on the other hand (EIRP), then the level of co-existence protection would be variable depending on the spatial pattern of the unwanted emissions and the amount of correlation in unwanted emissions between transmitters, which would be variable and probably implementation dependent.

It is therefore suggested that TRP be applied as a metric for unwanted emissions. Measurement of TRP does not need to be carried out in a very fine grid in the entire sphere around the basestation; a sufficient number of sample measurements in directions in which it is possible for the basestation could radiated are likely to be sufficient. Methods for measuring total unwanted emissions radiated power for BS are under discussion in more detail as part of the AAS Work Item. 
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6 Annex

This annex captures some of the more significant simulation parameters. The simulation parameters are in fact the same as in the AAS TR 37.842; thus further details can be found in that TR.
	Parameters
	Values

	Cellular layout
	Hexagonal, 3 sectors/cell (19 cell wrap-around), uncoordinated

	UE distribution
	Average 10 UEs per sector.

	Carrier frequency
	2GHz

	System bandwidth
	10MHz

	Inter Site Distance (ISD)
	750m

	Minimum distance UE<->BS
	35m

	Log normal shadowing
	Standard Deviation of 10 dB

	Shadow correlation coefficient
	0.5 (inter site) / 1.0 (intra site)

	Scheduling algorithm
	Round Robin, Full buffer

	RB number per active UEs
	DL: 12RBs

	Number of active UEs
	DL: 4UEs

	UE max Tx power
	23 dBm

	UE min Tx power
	- 40 dBm

	Active array loss
	1 dB

	Losses of legacy system
	2 dB

	Legacy BS max Tx power
	46dBm

	AAS BS max Tx power
	46dBm 

	Antenna configuration at UE
	Omni-directional

	The height of BS
	30 m

	The height of UE
	1.5 m

	Antenna array configuration (Row×Column)
	10×4

	ACS of LTE UE
	33 dB

	Performance evaluation
	Throughput loss criteria, as derived from the truncated Shannon bound approach of 3GPP TR36.942. 
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