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1 Introduction
This paper was submitted to the last meeting (RAN4#93) as R4-1914759 but was not treated. The issue of TX OFF power is still open so it has been resubmitted to this meeting.
Discussion on IAB parameters have been focused around the co-existence parameter at this point, however there are a number of other RF parameters which need some consideration.
In this paper TX OFF power for IAB nodes is discussed.
2 Discussion
TX OFF power for a BS is specified to protect UL receivers (i.e. BS receivers) from OFF transmitter emissions. For A UE TX OFF protects DL (i.e. UE’s) receivers from the OFF transmitter emissions.
2.1 BS/IAB-DU OFF level
2.1.1	Background
TX OFF requirement consists of both an OFF power level and a timing requirement. The following aspects need to be considered when looking at the OFF level requirements
· OTA transceivers cannot separate the Tx and Rx functions, if the OFF level is not sufficient the receiver sensitivity will be impacted.
· Receiver sensitivity is not as sensitive to time as a distant receivers as there is no propagation delay.
· Distant receivers require a faster transient time to allow for the propagation delay, but due to the distance the required power level is lower.

In reality there are 2 TX off requirements a co-located or self-blocking requirement which requires a low OFF level but more relaxed timing and a co-existence requirement which requires faster timing but a more relaxed OFF level.
For non-AAS systems there is the added complication that TX and RX can be separate hardware and the connector may be tested independently, therefore the correct operation of the receiver does not guarantee that eh TX OFF level is low.
For FR1 conducted BS the requirements therefore were derived based on co-location power levels and co-existence timing. This is not a realistic worst case but is achievable and avoids having multiple requirements.
For FR1 AAS requirements the antenna is an integral part of the system and hence Tx and Rx cannot be separated in the same was as a conducted system. As such the co-location aspect of the requirement can be provided by the receiver sensitivity requirements. However as the FR1 OTA work was scoped to provide the same levels of protection as the conducted requirements the conducted requirements were maintained.
For FR2 BS there is only the OTA option and no current solution for co-location measurements, the decision was therefore made that the receiver sensitivity could be relied upon to ensure the OFF level is low enough to avoid self-blocking and the radiated requirement was based on the co-existence levels and timing.
2.2.2	IAB-DU
For IAB-DU the deployment scenario for co-existence is similar to the normal BS-BS scenarios, however there is the possibility that high gain directional antennas are pointed directly at the victim BS receiver. This will of course depend on the beam forming capability of the node, but a hybrid beam forming architecture with fixed antenna gain could result in a high antenna gain even for the OFF power. In that scenario however the node the antenna were pointing at would be a IAB-MT and hence wold not have an UL receiver in it.
[image: ]
So whilst the antenna gain has the potential to be higher the path loss to the nearest victim receiver is double that for the BS to BS case.
As such it is safe to assume that the BS TX OFF requirements are acceptable for the IAB-DU.
For FR2 the requirement can be the same
For FR1 there is currently no non-AAS IAB requirement proposed as such it is possible that the co-location/self-blocking and the co-existence requirements could be separated as they are in FR2. This would save having to carry out the TX OFF testing as a co-location requirement, however if the IAB-DU were also being used as an NR BS then it would mean that the same HW would have 2 different TX OFF requirements applied. This is counterproductive and hence it make sense to retain the BS co-location requirement for the IAB-DU.
Proposal 1: Use the BS TX OFF requirements for the IAB-DU
2.2 AIB-MT/UE OFF level
The UE TX OFF requirement protects other UE’s from TX noise in DL receive timeslots.
The specification is different from the BS specification in that the level is the same as the BW changes. The levels for FR1 and FR2 are shown in the tables below:
Table 6.3.2-1: Transmit OFF power
	Channel bandwidth
(MHz)
	Transmit OFF power
(dBm)
	Measurement bandwidth
(MHz)

	5
	-50
	4.515

	10
	-50
	9.375

	15
	-50
	14.235

	20
	-50
	19.095

	25
	-50
	23.955

	30
	-50
	28.815

	40
	-50
	38.895

	50
	-50
	48.615

	60
	-50
	58.35

	80
	-50
	78.15

	90
	-50
	88.23

	100
	-50
	98.31



Table 6.3.2-1: Transmit OFF power
	Operating band
	Channel bandwidth / Transmit OFF power (dBm) / measurement bandwidth

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	n257, n258, n260, n261
	-35
	-35
	-35
	-35

	
	47.52 MHz
	95.04 MHz
	190.08 MHz
	380.16 MHz



It’s not quite clear why it’s necessary for the PSD of the noise reduces as the BW increases, the same is true for the wanted signal (assuming the BS power is fixed) but the noise figure of the UE will not change with BW (I assume) and hence the noise flor will increase with BW.
UE’s do not co-locate as such but as with the BS it can be assumed that protection of the UEs own receiver mean that TX OFF levels must be sufficiently low that the UE’s own receiver will not be desensitized however once again timing is important so when the transient mask is considered it is interference with other UE’s which should be considered.
In TR 25.942 UE to UE interference is considered and min distance is 1m, using this as a reference:
At 2GHz
	
	/MBW
Assuming the largest BW (98.31MHz) and hence minimum PSD, in 1MHz this is -108.5 dBm/MHz
Assuming a UE NF of 10dB this increases the UE NF by:
At 24GHz
	
	/MBW
Assuming the largest BW (380.16 MHz) and hence minimum PSD, in 1MHz this is -108dBm/MHz
Assuming a UE NF of 10dB this increases the UE NF by:

The potential FR2 interference is clearly much lower than the FR1 due to the higher PL.
For an IAB-MT node there are some differences to the scenarios, the minimum distance for a medium range BS is 5m along the ground and the height is assumed to be 10m, (l3d=11.2m) and the FR1 BS antenna has gain resulting in:
At 2GHz
	
	/MHz
At 24GHz
	
	/MHz
The FR1 value is clearly much lower (>30dB) than the UE value, the FR2 value is 3dB higher however this only increases the potential desensitization from 0.2dB to 0.4dB, which is still significantly lower than the desensitization in the FR1 case. 
As the BS OFF levels applied to a IAB-MT node offer the same level of (or greater) protection to a victim UE as the UE OFF levels, it is acceptable to use the BS TX OFF levels for the IAB-MT.
Proposal 2: Use the BS TX OFF levels for the IAB-MT
2.3	Transient profile
The transient mask for BS and UE are vert similarL
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Figure 2.3-1. BS transient mask
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Figure 2.3-2. UE transient mask (FR1)
The descriptions of the ON and OFF periods may need some aligning to be suitable for both IAB-MT and IAB-DU but it is possible to use the same for both.
The timing values for UE and BS are shown in table 2.3-1:
Table 2.3-1. BS and UE transient times
	　
	FR1
	FR2

	BS
	10us
	3us

	UE
	10us
	5us



For FR1 the values are the same so it is safe to assume this is acceptable for both IAB-DU and IAB-MT.
For FR2 the BS value is lower than the UE value, as the timing is derived based on the effect on distant victims and the IAB-MT is deployed in the same scenarios as a BS the timing should be derived in the same way, hence the BS timing should be used.
Proposal 3: Use the BS timing values for both IAB-DU and IAB-MT.
3.	Summary
The TX OFF requirements have been studied looking at the commonality between the BS scenarios and requirements and the IAB-DU and the interference to BS receivers. Interference to UE receivers has been studied based on the existing UE TX OFF levels and compared to the BS levels applied to the IAB-MT. Whilst the IAB-MT interference is to the UE receivers in the same way as the UE, its deployment is more similar to the BS. As such the following proposals are made.
Proposal 1: Use the BS TX OFF requirements for the IAB-DU
Proposal 2: Use the BS TX OFF levels for the IAB-MT
Proposal 3: Use the BS timing values for both IAB-DU and IAB-MT.
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