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1 Background

In this follow-up to [1] we discuss the specification of the ACS performance and its verification. The performance metric used should reflect the spatial behaviour of the adjacent channel interference (ACI) affecting the wanted channel. The UE receiver can be be subject to adjacent channel interferers from any direction; the weights of the UE receiver paths in the wanted channel may in fact not be relevant for the adjacent channel even though the wanted and interfering signals arrive from the same direction. This suggests an average metric measured in terms of the TRS integrated over the entire angular domain. Yet the UE should have a minimum rejection capability in the main beam direction for the case in which the ACI is correlated across the receiver paths and the directions of the arrival of the wanted and interfering signals are within the main beam.
The existing conductive ACS requirement for E-UTRA is verified with the UE (DUT) subject to an identical wanted signal and adjacent channel interferer at each receiver port. Furthermore, the ACS requirement is relative and has to be met for all power levels of the interferer level up to the maximum input level of the receiver (-25 dBm for E-UTRA). In the actual test case, the ACS is verified with the wanted signal and interferer at minimum power levels (Case 1) and with the wanted and interferer levels shifted such that the interferer power is at the maximum input level (Case 2): 
Table 7.5.1-2: Test parameters for Adjacent channel selectivity, Case 1

	Rx Parameter
	Units 
	Channel bandwidth

	
	
	1.4 MHz 
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	REFSENS + 14 dB

	PInterferer
	dBm
	REFSENS +45.5dB
	REFSENS +45.5dB
	REFSENS +45.5dB
	REFSENS +45.5dB
	REFSENS +42.5dB
	REFSENS +39.5dB

	BWInterferer 
	MHz
	1.4
	3
	5
	5
	5
	5

	FInterferer (offset)
	MHz
	1.4+0.0025

/

-1.4-0.0025
	3+0.0075

/

-3-0.0075
	5+0.0025

/

-5-0.0025
	7.5+0.0075

/

-7.5-0.0075
	10+0.0125

/

-10-0.0125
	12.5+0.0025

/

-12.5-0.0025

	NOTE 1:
The transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.1-2 with PCMAX_L as defined in subclause 6.2.5.

NOTE 2:
The interferer consists of the Reference measurement channel specified in Annex A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1 and set-up according to Annex C.3.1 


Table 7.5.1-3: Test parameters for Adjacent channel selectivity, Case 2

	Rx Parameter
	Units 
	Channel bandwidth

	
	
	1.4 MHz 
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	-56.5
	-56.5
	-56.5
	-56.5
	-53.5
	-50.5

	PInterferer
	dBm
	-25

	BWInterferer 
	MHz
	1.4
	3
	5
	5
	5
	5

	FInterferer (offset)
	MHz
	1.4+0.0025

/

-1.4-0.0025
	 3+0.0075

/

-3-0.0075
	5+0.0025

/

-5-0.0025
	7.5+0.0075

/

-7.5-0.0075
	10+0.0125

/

-10-0.0125
	12.5+0.0025

/

-12.5-0.0025

	NOTE 1:
The transmitter shall be set to 24dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.1-2 with PCMAX_L as defined in subclause 6.2.5.

NOTE 2:
The interferer consists of the Reference measurement channel specified in Annex 3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1 and set-up according to Annex C.3.1.


The antennas are disabled, but this does not necessarily mean that the ACI is (completely) correlated across the receiver paths, which would correpond to the interference signal arriving from a specific direction with regard to the wanted signal. The level of correlation between contributions to the ACI is different for Case 1 and Case 2, hence the correlation also depends on the input level as we shall see next.
2 Contributions to the ACI falling into multiple receiver chains
First we consider the “beamforming” of the adjacent interferer in conductive measurements. The correlation between contributions to the ACI falling into different receiver branches depends on the imperfection that will dominate and how the receiver paths are implemented. Some examples of imperfections that generate ACI and determines the ACS and their correlation:
· if the same PLL is used for all receivers, then the phase noise will be correlated; 

· the distortion due to a noise rise (lowering of the gain due to the strong adjacent interferer) will be uncorrelated;

· the folding of the interferer into the wanted channel will be correlated;

· the IM3 of the blocking signal and the Xmod may be correlated
Hence the total ACI is not fully correlated between the receiver branches. The input level of the interferer and wanted signal will also determine which of the imperfection that dominates and determine the level of correlation. Hence for Case 1 and Case 2 in the existing ACS test one gets different correlations. In case a common PLL is used for all receivers, it is likely that the ACI is more correlated at higher input levels (Case 2) at which the influence of a noise rise is less.
Another consequence is that the existing conductive measurement procedure does not necessarily correspond to a case in which the wanted and interfering signals arrive from the same direction in an OTA measurement. The same conclusion holds, perhaps even more decisively, for conductive measurements of in-band and out-of band blocking for which the frequency separation between the wanted and interfering signals is larger.  



3 Spatially averaged ACS and its verification
For the NR coexistence DL simulation, it is assumed that both the BS ACLR and the victim UE ACS are spatially flat. According to 38.803, spatially flat means the following (quoted)
“With this observation, it was concluded that it is not the spatial direction of ACLR, but the total amount of adjacent channel power radiated that matters in the coexistence performance. Also, it is noted that the current discussion in AAS for ACLR OTA requirement seems to indicate that TRP is the choice due to practical difficulties in implementation and testing [22].
For the UE antenna model, if UE has some kind of beamforming capacity, i.e. the omni-directional antenna model is no longer valid, in general the victim UE will experience less interference. This is because the inference will most likely come from a different direction than the wanted signal thus may experience less beamforming gain. 

Therefore, for DL it seems reasonable from the perspective of simulating worst case scenarios that we assume either BS ACLR or the adjacent channel interference can is modeled as flat in space, and the UE ACS can be modeled flat in space. 

If this assumption is for DL, then the similar assumption could be made for the UL because:

•
UE has a much small number of antennas, thus the effect of directivity should be smaller for ACLR (or the adjacent channel interference). It can also be reasonably assumed that the UE ACLR will play a dominant role than the BS ACS in the adjacent channel interference.

•
Again, BS ACS flat in space mightwould mean worse coexistence performance than actual performance because BS has better capability of steering its receive antennas to suppress interference. 

It should be noted that flat ACLR assumption implies the spatial pattern of the adjacent channel emissions is exactly the same as the spatial pattern of the wanted signal, such that their ratio is the same. Similarly flat ACS assumption implies that the receiver directivity pattern is the same for both the wanted signal and the adjacent channel signal.

The assumption was made for ITU WP 5D was based on consideration of the likely impact of the assumption on spatial pattern to co-existence performance and not on consideration of whether the spatial pattern of unwanted emissions is really aligned to the wanted signal. This will depend on the correlation between unwanted emissions signals from different transmitters, which has not as yet been investigated.”
The assumptions are not completely clear. For ACLR this (presumably) means that the ACLR is the same in any direction and described by an “average” value (the ratio of TRP in the wanted- and adjacent/alternative adjacent channel), and that the antenna/spatial pattern in the out-of-band domain is the same as that in the wanted channel. 
For ACS this (presumably means that the ACI suppression is the same “average” as given by “a flat ACS”, and hence that the ACI suppression is independent of the angle of incidence of the adjacent interferer (the same rejection of an adjacent interferer arriving from the same direction as the wanted signal regardless of the receive antenna boresight direction). 

Hence the ACIR (the rejection) is the same regardless of the direction of departure of the aggressor BS and the direction of arrival at the victim UE.

In the simulations, the victim UE receives adjacent channel interference from the base station in the serving cell and BS stations in other cells, all operating in the adjacent channel. Should the value of the ACIR resulting from the coexistence simulation be used for setting a 3GPP requirement, then this suggest an “averaging” procedure where the ACS is specified in terms of a e.g. the desensitization of the TRS in the presence of an adjacent interference.
An “average” ACS could possibly be verified using a procedure based on a TRS measurements; one of the two options listed for ACS verification in the UE way-forward [2]. The TRS (Total Radiated Sensitivity) is defined as:
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and will be specified for the wanted channel for in-channel performance (since antenna ports may not be available for conductive measurements). One way to verify a “flat ACS” would be measure, for each direction, the degradation of the EIS of the wanted channel in the presence of an adjacent channel interferer aligned in direction but offset in power by a fixed value (the flat ACS to be verified) with respect to radiation intensity of the wanted signal used to obtain the EIS in the absence of any interference. Hence a single measurement of TRS but with a wanted- and interfering channel configured. Now, from the discussion above, it is known that the ACI is not fully correlated between the receiver chains so the ACS measured will not be spatially flat even though the wanted and inteferer arrive from the same direction. However, the average value over all angles should reflect the result of the coexistence simulations. The TRS (of the wanted channel) measured should not be degraded more than an allowed desensitization in the presence of an adacent interferer at the said offset from the wanted signal in each direction.
In practice the degradation due to an adjacent-channel interferer depends on the angular separation of the wanted signal and the interferer and the operating SINR (the present conductive requirements do not account for the impact of the antenna discrimiation). Verification of such a requirement would require a test configuration with the wanted- and interfering signal from different directions (it may be sufficient to determine an ACS accounting for spatial averaging and then verify it in a single direction).
4 Other selectivity metrics of adjacent interferers 
An assumption of a spatially flat ACS is relevant for the purpose of conducting sharing studies with other services. However, there may be special cases that may have to be considered for the 3GPP specifications.

The ACI suppression with the inteferer in the main lobe of the wanted signal may be paricularly relevant in some scenarios. Figure 1 depicts that case in which two carriers are deployed at the same site, possibly with different numerologies. In this case the ACS should be large enough to allow operation at a sufficiently large SNIR for the case in which the beams for the two carriers point to the same direction (no BS antenna disctimiation of the ACI); the ACS must be larger than the maximum SNIR assuming the BS transmitter PSD is similar across the two carriers. Now, at least for below 6 GHz operation, the actual ACS performance is usually order of magnitudes better than the minimum requirements with the interferer off the FFT grid, but the impact of the different numerologies may nevertheless require attention. 
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Figure 1: two carriers of different numerologies deployed at the same site.
Another special case worth consideration is that in which two different numerologies are used within the same carrier as shown in Figure 2. Then there may be interference between the two blocks of PRBs of different numerology even though the basic FFT raster is the same; a UE is only expected to receive one numerology at a time. In this case the in-channel ACI suppression of the UE should be considered as discussed in [3]; a guard band may have to be used between the blocks of PRBs to allow operation at a sufficiently high SNIR. The interference would decrease should the beamforming weigths of the two blocks be different (then there will be antenna discrimination).
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Figure 2: operation using two different numerologies in the same carrier.

The likelyhood for these “worst-case” scenarios should be considered before deciding if dimensioning, see [4], and there are also other factors limiting the maximum SNIR in the RX chain.
5 Conclusion
The ACI falling inot receiver branches is not fully correlated, the correlation depends on UE RX implementation and the input power level (and own TX power). This means that the ACS is not spatially flat even though the wanted and inteferer signals arrive from the same direction. 

For the ITU-R coexistence studies, the ACS can be assumed to be spatially flat, but there may be additional cases that must be considered for the 3GPP specifications; the ACS needed for supporting the maximum SNIR of the MCS should be considered. A TRS metric can possibly be used for ACS verification of a “spatially flat ACS” 
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