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1 Introduction
Co-existence simulations are being performed for IAB layouts which investigate the ACIR requirements for networks with IAB nodes. It was highlighted in the last meeting that the IAB-MT node may require a high wanted input power requirements similar to that of a UE. UE’s also have significantly higher in-band blocking requirements than BS so it also of value to investigate the blocking levels present at the IAB-MT.
This paper uses layout 2 from the co-existence study modified to carry out a blocking analysis.
2 Discussion
Layout 2 comprises of 2 homogeneous micro networks. For IAB simulations the networks are geographically unsynchronized and offset by a minimum distance.
The IAB-MT receiver will be potentially blocked by the DL from the aggressor network DL.
2.1 FR2 BS blocking level
Traditional (FR1) blocking simulations investigate the absolute power of the interferer only and the blocking requirement is set at the 99.99% point of the interferer level cdf, blocking levels for FR1 are the same for all RATs and are based on the UTRA levels. For FR2 OTA specification this method was not suitable as the beam forming architecture significantly affected the predicted power level. However for FR2 it was found that the wanted signal to blocker ratio was less prone to the impact of the architecture as such the blocking interferer level was specified as an offset from the sensitivity. In addition the 99% and 99.9% points were considered rather than 99.99%. The FR2 blocking requirement is as follows:
Table 10.5.2.3-1: General OTA blocking requirement for BS type 2-O
	BS channel bandwidth of the lowest/highest carrier received (MHz)
	OTA wanted signal mean power (dBm)
	OTA interfering signal mean power (dBm)
	OTA interfering signal centre frequency offset
from the lower/upper Base Station RF Bandwidth edge or sub-block edge inside a sub-block gap (MHz)
	Type of OTA interfering signal

	50, 100, 200, 400
	EISREFSENS + 6 dB
	EISREFSENS_50M + 33 + ΔFR2_REFSENS
	±75
	50 MHz DFT-s-OFDM NR signal,
60 kHz SCS, 64 RBs

	NOTE:	EISREFSENS and EISREFSENS_50M are given in subclause 10.3.3.



EISREFSENS_50M is the declared OTA sensitivity, the declaration is dependent upon the provided antenna beam forming gain and is bounded within a range for each BS class. For medium area BS (Micro) this is:
For medium range BS, EISREFSENS_50M is an integer value in the range -91 to -114 dBm. The specific value is declared by the vendor.
And
Table 10.3.3-1: FR2 OTA Reference sensitivity requirement
	BS channel Bandwidth
(MHz)
	Sub-carrier spacing (kHz)
	FRC
	EISREFSENS level
(dBm)

	50, 100, 200
	60
	G-FR2-A1-1
	EISREFSENS_50M + ΔFR2_REFSENS

	50
	120
	G-FR2-A1-2
	EISREFSENS_50M + ΔFR2_REFSENS

	100, 200, 400
	120
	G-FR2-A1-3
	EISREFSENS_50M + 3 + ΔFR2_REFSENS

	NOTE 1:	EISREFSENS is the power level of a single instance of the reference measurement channel. This requirement shall be met for each consecutive application of a single instance of the reference measurement channel mapped to disjoint frequency ranges with a width corresponding to the number of resource blocks of the reference measurement channel each, except for one instance that might overlap one other instance to cover the full BS channel bandwidth.
NOTE 2:	The declared EISREFSENS_50M shall be within the range specified above.



 ΔFR2_REFSENS is an offset used to offset the sensitivity level in the reference direction by 3dB (to ensure that the RoAoA specified are at least a 3dB contour). For the sake of blocking the worst case is to assume ΔFR2_REFSENS=0.
So for a micro scenario the FR2 BS requirement is between 
	-114 + 3+33 = -78 dBm
To
-91dBm + 3 + 33 = -55dBm
For medium range the antenna gain assumption was between 5 to 28dBi (TR 38.817-02), the IAB-MT in the co-existence simulation has a max gain of 24dBm so the expected FR2 sensitivity for this would be approx. -110dBm and hence the blocker level -74dBm.
2.2 FR2 UE blocking level
The UE in-band blocking requirement is 

Table 7.6.2-1: In band blocking requirements
	Rx parameter
	Units 
	Channel bandwidth

	
	
	50 MHz 
	100 MHz
	200 MHz
	400 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	REFSENS + 14 dB


	BWInterferer
	MHz
	50
	100
	200
	400

	PInterferer
for bands n257, n258, n261
	dBm
	REFSENS + 35.5 dB
	REFSENS + 35.5 dB
	REFSENS + 35.5 dB
	REFSENS + 35.5 dB

	PInterferer
for band n260
	dBm
	REFSENS + 34.5 dB
	REFSENS + 34.5 dB
	REFSENS + 34.5 dB
	REFSENS + 34.5 dB

	FIoffset
	MHz
	≤ -100 & ≥ 100
NOTE 5
	≤ -200 & ≥ 200
NOTE 5
	≤ -400 & ≥ 400
NOTE 5
	≤ -800 & ≥ 800
NOTE 5

	FInterferer
	MHz
	FDL_low + 25
to 
FDL_high - 25
	FDL_low + 50
to 
FDL_high - 50
	FDL_low + 100
to 
FDL_high - 100
	FDL_low + 200
to 
FDL_high - 200

	NOTE 1:	The interferer consists of the Reference measurement channel specified in Annex A.3.2 with one sided dynamic OCNG Pattern as described in Annex A and set-up according to Annex C.
NOTE2:	The REFSENS power level is specified in Section 7.3.2, which are applicable according to different UE power classes.
NOTE 3:	The wanted signal consists of the reference measurement channel specified in Annex A.3.2 QPSK, R = 1/3 with one sided dynamic OCNG pattern as described in Annex A and set-up according to Annex C.
NOTE 4:	FIoffset is the frequency separation between the center of the aggregated CA bandwidth and the center frequency of the Interferer signal.
NOTE 5:	The absolute value of the interferer offset FIoffset shall be further adjusted (CEIL(|FInterferer|/SCS) + 0.5)*SCS MHz with SCS the sub-carrier spacing of the wanted signal in MHz. Wanted and interferer signal have same SCS.
NOTE 6:	FInterferer range values for unwanted modulated interfering signals are interferer center frequencies.



The IAB simulation is at 30GHz so the interferer level will be REFSENS + 35.5 dB
As with the BS the blocker level is dependent on the REFSENS level, in this case the REFSENS level is dependent on the UE class, hence as the UE class changes so does the interferer level. 
For the frequency and channel BW of interest the UE REFSENS is:
Power class 1 (Fixed wireless access (FWA) UE) REFSENS= -91.5 dBm
Power class 2 (Vehicular UE) REFSENS= -86 dBm
Power class 3 (Handheld UE) REFSENS= -82.3 dBm
Power class 2 (High power non-handheld UE) REFSENS= -91 dBm
So the blocker level is between -56dBm to -46.8dBm, an IAB_MT could perhaps be most closely associated with a FWA or a high power non-handheld UE as such the blocker levels equivalent may be closer to -56dBm.
2.3	IAB-MT blocking
The BS level for the scenario is approx. -74dBm and the UE level is approx. -56dBm, the difference in these levels however I mainly due to the difference in the reference sensitivity. The BS interferer is specified as OTA REFSESN + 33dB/36dB and the UE as REFSENS + 35.5dB. These are clearly very similar.
The IAB-MT node is similar is deployment and antenna characteristics to a BS, however the DL interference is from a BS which is similar to a UE. If the offset from the REFSENS value is maintained then it does not make much difference if the BS or UE requirement is used, however as the IAB-MT is different from both BS and UE it is worth checking hence some preliminary simulations have been carried out.
As with a BS the interferer level at the LAN input will be dependent on beam forming architecture, the 2 extremes are:
· BB beam forming 
· each receiver is subjected to the blocking level after the element antenna gain. 
· The input beam width is much wider so the probability of a larger interferer is increased.
· RF beam forming (prior to LNA) 
· each Rx is subject to blocking level after the full array gain.
· The input beam width is narrow so the probability of a large interferer is small
It was the inability to resolve a single requirement for these architectures that lead to the relative requirement used for FR2 BS.
2.3.2	IAB-MT blocking simulation results
Blocking levels were recorded under 3 conditions:
· RF beam forming – the full array gain is assumed prior to the recorded power, the OTA level is then estimated by subtracting the array gain
· BB beam forming – the element gain is assumed prior to the recorded power, the OTA level is then estimated by subtracting the element gain.
· OTA level only – no beam forming, the victim is assumed isotropic, the OAT and conducted power level s are assumed to be the same.

It is important to note that the recorded level is equivalent to the conducted level and for FR2 the levels are OTA. For the isotropic assumption these are the same thing, but for the antenna gain assumptions it is necessary to further translate the figure to an OTA level.
Resulst were recorded at both 40m and 60m BS to IAB-MT separation.
[image: ] [image: ]
Figure x. Blocker power level 40m grid shift
[image: ] [image: ]
Figure x. Blocker power level 60m grid shift
In summary the 99% points are given in table 1. The OTA levels have been extracted by subtracting the antenna gain from the conducted level (this assumes that requirements are in the reference direction):
Table 1. 99% blocker levels
	 
	 
	Array
	Element
	Isotropic

	 
	Unit
	Cond
	OTA
	Cond
	OTA
	Cond
	OTA

	40m
	dBm
	-62
	-86
	-61
	-64
	-64
	-64

	60m
	dBm
	-68
	-92
	-66
	-69
	-70
	-70



The conducted power levels are remarkably similar, however the requirement is OTA and hence it is necessary to translate the conducted levels back to an OTA level. When this is done the array architecture blocking level is much lower. 
To design a requirement which attempts to keep the conducted interference level constant, the blocker level should be related to the antenna gain. This is what we have in the BS requirement.
If the current BS requirement were applied to the IAB_MT simulated the blocker level would be -74dBm. This is considerably higher than the predicted level for the array case.
The current UE requirement of -56dBm is clearly much higher than even the worst case result in table 1.
Based on the early simulation results in table 1 it would seem an in-band blocking requirement similar to that used for the BS would be appropriate. Without first agreeing the methodology and values for the IAB-MT sensitivity requirements it is premature to agree a blocking requirement. However it would seem the existing BS requirements would be suitable.
3 Summary
This paper has reviewed the existing FR2 BS and UE blocking requirements and compared them to a blocking simulation of the homogeneous network layout (layout 2).
FR2 BS blocking requirements were based on the difference in power between the wanted signal and the interferer as this was the best methodology to remove the dependence on the BS architecture.
The IAB preliminary results show that the conducted interferer level is quite constant independent of the beam forming architecture. The blocking requirement therefore An OTA requirement therefore needs to take the antenna gain into account when specifying an OTA level, the existing FR2 BS blocking requirement achieved this by offsetting the blocker level from the OTA sensitivity. 
As such using the BS in-band blocking levels would seem to be a safe assumption and would result in a simple solution to the IAB-MT blocking requirements.
Proposal: Use the FR2 BS in-band blocking requirements for the IAB-MT.
Note as FR2 OTA blocking levels are related to the OTA reference sensitivity a final decision should not be taken until the IAB-MT OTA sensitivity requirement is also finalised.
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