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1 Introduction
In the last meeting (RAN4#93) the beam correspondence requirement was discussed at length this paper further discusses the issue and our view on beam correspondence for IAB.
2 Discussion
It was captured in the minute of the last meeting that 
Ability of MT to pick the right UL direction based on the DL signal arrival direction is mandatory
This is of course true as it is a requirement of any system which uses beam steering, it is equally true for the BS (in reverse) as it must pick the right DL direction based on the UL signal. If this does not happen then the system will not function. Yet the BS does not have a beam correspondence requirement and it was agreed that no beam correspondence requirement is needed for the IAB-DU.
Beam correspondence is defined (TS 38.101-2) as:
Beam correspondence is the ability of the UE to select a suitable beam for UL transmission based on DL measurements with or without relying on UL beam sweeping.  The beam correspondence requirement is satisfied assuming the presence of both SSB and CSI-RS signals and Type D QCL is maintained between SSB and CSI-RS.
It’s further described as:
The beam correspondence requirement for power class 3 UEs consists of three components: UE minimum peak EIRP (as defined in Clause 6.2.1.3), UE spherical coverage (as defined in Clause 6.2.1.3), and beam correspondence tolerance (as defined in Clause 6.6.4.2).
Where beam correspondence tolerance is:
The beam correspondence tolerance requirement ∆EIRPBC for power class 3 UEs is defined based on a percentile of the distribution of ∆EIRPBC, defined as ∆EIRPBC = EIRP2 - EIRP1 over the link angles spanning a subset of the spherical coverage grid points, such that
-	EIRP1 is the total EIRP in dBm calculated based on the beam the UE chooses autonomously (corresponding beam) to transmit in the direction of the incoming DL signal, which is based on beam correspondence without relying on UL beam sweeping.
-	EIRP2 is the best total EIRP (beam yielding highest EIRP in a given direction) in dBm which is based on beam correspondence with relying on UL beam sweeping.
With an acceptable limit of around 3dB (varies slightly depending on band)
For example for operating band n257
Minimum peak EIRP: 22.4dBm (max allowed is 43dMb)
Spherical coverage: min EIRP at 50%-tile = 11.5dBm
Beam correspondence:  Max ∆EIRPBC at 85th %-tile ∆EIRPBC CDF =3.0dB
It’s not clear (to me) how the minimum peak EIRP and the spherical coverage requirements impact the beam correspondence requirement (other than it may be possible to merge some measurements – but that’s a conformance issue).
The IAB-MT node is expected to have a directional antenna as such will have no spherical coverage requirement, so both the spherical coverage aspect and the beam correspondence metric are not suitable (in current form for IAB_MT
Observation 1: The IAB-MT node has directional antenna as such will have no spherical coverage requirement, so both the spherical coverage aspect and the beam correspondence metric are not suitable (in current form) for IAB_MT
The beam correspondence requirement itself seems to specify the ability of the UE to select an appropriate beam direction and compare that to the peak beam based on beam sweeping.
This relies on 2 things:
· The ability of the UE to generate a beam to the required accuracy in a specified direction
· The ability of the UE to identify the direction of the incoming signal
2.1 EIRP direction accuracy
The BS already has an EIRP accuracy requirement (TS 38.104)
For each declared beam, in normal conditions, for any specific beam peak direction associated with a beam direction pair within the OTA peak directions set, a manufacturer claimed EIRP level in the corresponding beam peak direction shall be achievable to within ± 3.4 dB of the claimed value.
This value is larger than the beam correspondence value but also contains more errors:


	[dB]
where:

	 - is the maximum conducted output power error at the transceiver unit output.

	 - is the variation in main beam EIRP due to beamforming errors caused by phase error at the transceiver unit output.

	  - is the variation due to the error in the passive elements, the RDN, the antenna array gain errors, mismatch errors and insertion losses variations.

As the bema correspondence value is the difference between the peak and the measured direction only the steering (and possibly) array error are included. For FR2 the separate error contributions were not agreed but for FR1 they are approximately



 = 2dB, 	 = 0.5dB, 	  = 1dB	(Huawei values)
Whilst the separate contributions for FR2 were not agreed, and there is no conducted output power value, it can be assume for FR2 it will be at least 2dB, hence the steering error worst case can be 
				
The BS EIRP accuracy requirement therefore offers a better level of beam power accuracy in a specified direction than the UE beam correspondence specification.
Observation 2: BS EIRP accuracy requirement therefore offers a better level of beam power accuracy in a specified direction than the UE beam correspondence specification. 
2.2 Direction finding
The BS already has an EIS minimum sensitivity requirement (TS 38.104) which is declared based on the best sensitivity of the system with a narrow beam. As such the BS much be capable of finding the Angle of Arrival (AoA) of the incoming signal so that the beam can be optimised. The method used to do this is not specified, and compliance is shown by the fact the signal can be received at (or below) the specified power level.
The ability to receive at the specified level indicate that eh BS is capable of “finding” the direction of the incoming signal.
Observation 3: the directional EIS minimum sensitivity requirement demonstrate the BS is capable of finding the direction of the incoming signal.
What remains is to specify that the BB is capable of passing the direction of the incoming signal from the receiver processing to the transmitter processing. This is not an RF requirement.
Observation 4: The ability to set the transmitter direction based on the RX direction is not an RF requirement.
It is of course important that all nodes using beam forming are capable of sending a TX beam back in the direction of the received signal, this is important for the BS and the UE however the 2 nodes have a different approach on how this is specified possibly because the BS as a piece of infrastructure equipment has greater scope when testing. 
The BS RF specifications test the directional capability of the TX and the RX separately and do not test the BB interaction between them.
The UE specifications incorporate a number of RF requirements and rely upon the UE BB functionality to test them at the same time.
It seems both methods offer coverage of the core RF capabilities required however.
AS the IAB_MT node has a BS antenna and is likely to be a piece of network equipment rather than consumer equipment, the BS approach seems the better one to take.
As such we believe no beam correspondence requirement is necessary for the IAB-MT
Proposal 1: No beam correspondence requirement is needed for IAB_MT the BS RF requirements are sufficient.
3.	Summary
The paper looks at the UE beam correspondence requirement and its suitability for the IAB_MT node. The following observations are made:
Observation 1: The IAB-MT node has directional antenna as such will have no spherical coverage requirement, so both the spherical coverage aspect and the beam correspondence metric are not suitable (in current form) for IAB_MT
Observation 2: BS EIRP accuracy requirement therefore offers a better level of beam power accuracy in a specified direction than the UE beam correspondence specification. 
Observation 3: the directional EIS minimum sensitivity requirement demonstrate the BS is capable of finding the direction of the incoming signal.
Observation 4: The ability to set the transmitter direction based on the RX direction is not an RF requirement.
It is a fundamental requirement of a beam steering system that the RX and the TX can steer the beams to achieve optimal performance, in non-fading channels where the UL and DL are reciprocal (assumed for FR2 TDD) then this leads to a requirement the TX can point a beam in the direction of the AoA of the received signal. This applies to both BS and UE but the specifications have different solutions to specify the RF requirements of this feature.
As the IAB-MT has a directional antenna like a BS (or IAB_DU) and is a network node the BS method is both more accurate and does not rely on any BB or demod functionality which is out of scope for an RF requirement. Hence we make the following proposal:
Proposal 1: No beam correspondence requirement is needed for IAB_MT the BS RF requirements are sufficient.
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