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1. Introduction
At previous RAN1 meeting (RAN1#107-E) it was decided to send an LS to TSG RAN WG4 (RAN4) [1, 2] with some specific questions regarding how the beam properties of traffic and sensing beams can be related to each other. The background is related to the optional feature to support directional Listen Before Talk (LBT) functionally for operation within the frequency range 52600 to 71000 MHz. 
At last, RAN4 meeting (RAN4#101-bis-E) input from several companies was collected in a common draft response LS to RAN1. At the time RAN4 couldn’t agree to the contents.
The intension with the LS is to get the RAN4 expert view on how to characterize, specify and test specific beam properties related to specific signals (e.g., data beams and sensing beams). Minimum performance requirements including beam properties is embedded in RAN4 specifications for BS and UE. So far RAN4 have not seen the need to specify specific beam properties requirements for specific signals. 
In this contribution we present some technical background related to beam quality properties related to sensing beam previously discussed in RAN4 and our view on the need for beam quality requirements and corresponding test aspects relevant for BS and UE operating within the frequency band 52600 to 71000 MHz.
At the end of this contribution a draft response LS to RAN1 is prepared. The draft LS is based on discussions from last meeting. 

2. Discussion
For NR BS and UE operating within the frequency band 52600 to 71000 MHz procedures supporting operation with LBT and without LBT is specified. The LBT procedure is an optional feature, that can be used to verify that the channel is free to use before transmission. The intention with LBT is to mitigate co-channel interference situations occurring with non-synchronized multiple transmissions. So far, no simulation results have shown that directional LBT features is giving significantly better performance for cellular networks operating within the frequency range 52600 to 71000 MHz. For classical LBT functionality, the detection threshold is referred to as a conducted absolute power level. For AAS BS and UE operating within the frequency range 52600 to 71000 MHz multiple antenna panels with different orientations may be used. Another aspect to consider for system operating at high frequencies more antenna gain is essential to establish a communication link. This means that the concept with LBT needs to be adopted for operation with directive antennas. Unlike for systems with omni-directive antennas, the directivity will have direct impact on the detection level. Therefore, RAN1 have formulated a set of questions on how to specify and test the gain characteristics for the sensing beam used for the LBT procedure. 
In the LS from RAN1 the following questions to RAN4 is stated:

For the following situations:
· Selecting sensing beam at the gNB 
· Selecting sensing beam at the UE when UE does not indicate a capability for beam correspondence with beamCorrespondenceWithoutUL-BeamSweeping ={1}
· Selecting sensing beam at the UE when UE uses a different beam for sensing than the beam used for transmission, 
Specify necessary requirement/test procedure to guarantee sensing beam(s) “covers” the transmission beam(s)
· Some methods to define “cover” have been discussed in RAN1
· Alt-1A: the angle included in the [3] dB beamwidth of the transmission beam is included in the [X, FFS] dB beamwidth of the sensing beam.
· Alt-1B:  the sensing beam gain measured along the direction of peak transmission direction is at least X [FFS] dB of the transmission beam gain
· Alt-1C:  The sensing beam gain is measured in one or more directions where the transmission beam EIRP is within A [FFS] dB of the peak EIRP.  The sensing beam gain measured along the chosen directions is at least X [FFS] dB of the transmission beam gain in those directions.
· Alt-1D: The sensing beam gain is measured in one or more directions where the transmission beam EIRP is within A [FFS] dB of the peak EIRP and the sensing beam gain measured along the chosen directions is at least X [FFS] dB of the peak sensing beam gain 
· Alt-1E: Sensing beam has the minimum [3] dB beamwidth which at least contains all beam peak directions of transmission beams. 
· Alt-1F:
· Selecting sensing beam at the gNB is up to gNB’s implementation
· Sensing beam at the UE may use a wider beam for sensing than the beam used for transmission, when the UE does not indicate a capability for beam correspondence with beamCorrespondenceWithoutUL-BeamSweeping ={1}
· Sending LS to RAN4 and inform them the above and request them to make the final choice
· RAN4 choice may not be limited by the list above
· RAN4 can further decide for gNB or UE separately if such test or requirement is not needed or not practical and leave it to gNB or UE implementation

Please be noted that RAN1 would like to let RAN4 determine the values with FFS and/or square brackets included in the agreement above, if needed.

In the LS different alternatives to specify beam characteristics for the sensing beam used during a LBT procedure is proposed to stimulate further discussion in RAN4. It also states that it’s up to RAN4 to decide on the relevance and need for defining such requirements for BS and UE. We see that multiple alternatives are over lapping. Also, adding requirements and corresponding conformance test requirements for new parameters such as beamwidth characteristics, sensing beam gain characteristics and traffic beam gain characteristics would significantly break previously defined requirement principles and add significant conformance test complexity and cost to the type-approval process for both BS and UE. 
Based on the information provided in this contribution we propose not to define new requirements for beam quality for traffic and sensing beam. Based on questions given in LS we strongly support to not defining beam quality parameter-based requirements on specific beams during reception. We also suggest keeping beamforming aspect for different signals to be implementation specific not captured by the specification. Hence, we support only alternative lF. 

2.1	Implementation aspects
For the frequency range 52600 to 71000 MHz, the antenna and radio will be highly integrated to minimize routing losses which will have a direct impact on sensitivity. Also, it is reasonable to believe that multiple receiver branches will be used, where polarization matching is achieved in the digital domain in the process using algorithms such as Maximum Ratio Combining (MRC). The MRC find the maximum SNR, which would correspond to a receiver beam. Since the receiver beam heavily depends on channel condition and the beamforming processing is adaptive, the concept of referring to beams is not used for the BS and UE receiver. 
To be able to differentiate between traffic and sensing beam in reception would require access to internal interfaces not defined in current specifications. 
Defining strict relations between sensing beam and traffic beams would significantly restrict implementation freedom, since it’s reasonable to assume that the array size both on BS and UE side will be different between different types of products. 
Isolation of parameters such as the antenna gain for specific signals would require access to the Antenna Reference Point (ARP) between the radio and antenna. For BS and UE such interface does not exists for equipment designed to operate within FR2 simply since RF connectors are not practical at such high frequencies. 

2.2	RF core specification considerations
For UE and BS operating at FR2-1 (24250 to 52600 MHz) and FR2-2 (52600 to 71000 MHz) no RF connecters will be available. The standard in for RF requirements in TS 38.101-2 [3] and TS 38.104 [4] is defined to support only OTA requirements. For OTA requirements parameters such as Equivalent Isotropic Radiated Power (EIRP) and Total Radiated Power (TRP) is essential for the transmitted signal and Equivalent Isotropic Sensitivity (EIS) for the received signal. In Table 2.2-1, RF requirements currently defined in TS 38.101-2 and TS 38.104 for FR2 is summarized.   
Table 2.2-1: FR2 requirement overview 
	Node
	Requirement
	Reference
	Requirement limits

	BS
	Radiated transmit power
	TS 38.104, subclause 9.2
	EIRP levels is declared. The requirement is set on the accuracy for the declared EIRP level.

	BS
	OTA base station output power
	TS 38.104, subclause 9.3
	TRP levels is declared. Maximum level defined for Medium range BS and Local Area BS. The requirement is set on the accuracy for the declared TRP level.

	BS
	OTA reference sensitivity
	TS 38.104, subclause 10.3
	EIS levels are declared. The requirement is set on the range in which the EIS can be declared for a specific BS class.

	UE
	UE maximum output power
	TS 38.101-2, subclause 6.2
	Minimum EIRP limit per power class.
Maximum TRP limit per power class and maximum EIRP limit per power class.
Minimum EIRP spherical coverage limit per power class.

	UE
	Reference sensitivity
	TS 38.101-2, subclause 7.3
	EIS reference sensitivity limit per band and power class.
Maximum EIS spherical coverage limit per band and power class.



It can be noticed that current NR specification does not capture beam properties for UE and BS, instead all requirements are set on parameters including radio and antenna aspects, such as EIRP and EIS. It is worth to point out that TRP is equivalent to the spatial average EIRP value. For reception the TRS is equal to the spatial average of EIS values. Currently, no TRS parameters have been defined for BS and UE for operation within the frequency range 52600 to 71000 MHz. 
For the UE side a concept of defining spherical coverage requirements have been adopted. Spherical coverage means that requirement limits are defined for EIRP at a specific percentile at a Cumulative Distribution Function (CDF) curve and for EIS at specific percentile at a Complementary Cumulative Distribution Function (CCDF). Typically for EIS spherical coverage, percentiles values used are 60%, 50%, 20%, 85% for different power classes.
For integrated systems (such as FR2 AAS BS and UE) without access to conducted radio interface, e.g., antenna reference point via an RF connector, antenna gain as a parameter to described beam properties is not relevant. Instead, characteristics should be expressed in terms of directivity.
According to the definition of antenna gain, evaluation of antenna gain requires access to a RF interface is required. The general definition of antenna gain [5] is given by the ratio of the radiation intensity in a given direction to the radiation to the radiation intensity that would be produced if the power accepted by the antenna were isotopically radiated. The fact that the definition depends on the accepted power means that access to a conducted RF interface is required. Gain does not include losses arising from impedance and polarization mismatches and does not depend on the system to which the antenna is connected. If an antenna is without dissipative loss, then in any given direction its gain is equal to its directivity. If the direction is not specified, the direction of maximum radiation intensity is implied. For integrated systems such as AAS BS and UE operating within FR2, the parameter to use to described antenna gain without access to conducted interfaces is “directivity”.
Beamwidth is a term defined to characterize the ability for the antenna to direct power in a specific direction. Typically, beamwidth is defined as the angle for which the power has decreased to a certain level with respect to the peak power. Typically, beamwidth is referred to as Half Power Beam-Width (HPBW), which is the half angle for where the power half reduced 3 dB. Other definitions of beamwidth also exist, such as -6 dB beamwidth. A challenge defining beamwidth is that a beam typically is not symmetrical, which require the beamwidth for multiple cuts to be considered. Normally, beamwidth is referred to vertical beamwidth and horizontal beamwidth, where radiation pattern cuts related to vertical and horizontal radiation pattern cuts is considered. For an ideal symmetrical beam only one beam width value will be sufficient. But in reality, where non-symmetrical beam shapes are considered, and beam shape distortions is expected at least two orthogonal beamwidths should be considered. 
When beamwidth is considered for a beam typically the -3 dB contour of the beam is evaluated. For a pattern the major lobe of which has a half-power contour that is essentially elliptical, the half-power beamwidths in the two pattern cuts that respectively contain the major and minor axes of the ellipse. When the beam is steered the shape of the contour will change, which means that the beamwidth will change. Another aspect to consider is the fact that wide beams typically have and radiation pattern with a distortion creating a ripple. Depending on the ripple magnitude the basic definition of beam pointing direction break down. For beams with ripple the beam pointing direction may not necessarily be equal to the beam peak direction. Therefore, RAN4 have for BS a concept where both the beam peak direction and beam centre direction is declared as a beam direction pair. This concept was specially defined for the case where EIRP for wide beams are considered (e.g., patterns related induvial array elements)
Considering all aspects mentioned, RAN4 decided not to define minimum requirement on gain or directivity for any transmitted signals or received signals and associated beams. 

2.3	Conformance test considerations
In addition to RF core specifications, conformance test specifications specify test requirement limits, test object configuration, test procedures relevant to test RF requirements. The conformance test specification relevant for FR2 UE is TS 38.521-2 [6] and the specification relevant for FR2 BS is TS 38.141-2 [7]. 
A measurement of beamwidth would require radiation power patterns to be measured, even though radiation patterns is not part of the conformance scope for UE and BS. Traditionally, beamwidth is measured by measuring two orthogonal cuts though the beam peak direction. From the -3 dB (half power) contour at the main beam, the half power beamwidths can be determined. The positive side is that no absolute calibration of the test range is required, but it is essential to cut the patterns through the main beam correctly to get proper beamwidth values. Typically, beamwidth is referred to half power level, but other power levels can also be considered depending on the intended usage.
A gain measurement would require the test range to be calibrated using a calibration or reference antenna with known antenna gain. The reference antenna is then used to calibrate the test range to minimize the measurement uncertainty, which his required for absolute gain measurement. As mentioned before measuring gain for the receiver would require an interface to access receiver power level measure by the BS or UE. This interface does not exist in current NR specifications. Also, a new interface is required to switch or differentiate between reception of traffic and sensing.
Since the gain and beamwidth characteristics will change due to frequency and beam steering angle the measurement should be repeated for low, mid, high channels within a supported band and for at least 5 steering angles including reference direction and maximum horizontal and vertical steering directions in the same fashion as specified for directional requirements for BS in TS 38.141-2. 
If test related to beamwidth or gain for specific beams in receive mode operation is added further consideration is required to define test configuration, test procedures for BS and UE. For each test procedure per test parameter a measurement uncertainty (MU) evaluation is required. The MU evaluation is essential for the conformance test specification. The MU evaluation is a crucial part of the description of a test method. Also, the MU evaluation determines the measurement uncertainty for a specific test method. For some requirements the MU is used to determine the test tolerance (TT). The test tolerance is the relation between RF core requirement and the conformance test requirement.  
Defining gain/directivity or beamwidth requirements would significantly increase the complexity for OTA conformance testing. 







3. Conclusion
Based on the current status of NR specification and aspects highlighted in this contribution we propose to follow the principle to define black box requirements for BS and UE. 
For an adaptive array antenna system to be used for both BS and UE operating within the frequency range 52600 to 71000 MHz the following issues have been identified if requirements related to gain or beamwidth on the receive side is defined:
1. The need for directional LBT and associated relations between sensing beam and traffic beams has not been motivated and is not mandated by regulation.
2. The antenna gain as parameter for possible definition of directional LBT and sensing beams by default will require access to a conducted RF interface which is not specified neither for FR2-1 and FR2-2. 
3. There are no beam quality requirements for gNB and UE (such as antenna gain or beamwidth) defined in NR RF specifications to ensure no implementation to be mandated or prohibited.
4. In reality, defining beam quality parameters such as antenna gain and beamwidth looks simple at first glance but finding relevant conditions and test cases it is much more complicated. In addition, such parameters will directly restrict the implementation flexibility both for gNB and UE. 
5. Testing beam quality parameters if even possible to define will significantly add to the OTA testing complexity.
Based on the information provided in this contribution we propose not to define new requirements for beam quality for traffic and sensing beam. Based on questions given in LS we strongly support to not defining beam quality parameter-based requirements on specific beams during reception. We also suggest keeping beamforming aspect for different signals to be implementation specific not captured by the specification. Hence, we support only alternative lF. 
Proposal: RAN4 should not define new requirements for directional LBT characteristics related to beam quality for traffic and sensing beam for gNB and UE operating within FR2-2 based on reasons mentioned above. 
At last meeting input from [9, 10, 11, 12] was captured in a merged LS to RAN1 [8]. Unfortunately, RAN4 was not ready to approve the LS. 
The merged LS from last meeting is attached at the end of this contribution with some additions.  
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1 Overall description
It can be noticed that current NR specifications does not specific requirements related to beam properties for UE and BS, instead all requirements are set on parameters including radio and antenna aspects, such as TRP, EIRP and EIS. 
The RF requirements are defined with the intention to give freedom to allow for different types of implementations including different beamforming schemes: analog, digital and hybrid beam forming. 
For an adaptive array antenna system to be used for both BS and UE operating within the frequency range 52600 to 71000 MHz the following issues have been identified if requirements related to gain or beamwidth on the receive side is defined:
1. The need for directional LBT and associated relations between sensing beam and traffic beams has not been motivated and is not mandated by regulation.
2. There are no beam quality requirement limits (such as antenna gain or beamwidth) defined in NR RF specifications.
3. Defining parameters such antenna gain (directivity) and beamwidth looks simple at first glance but finding relevant conditions and test cases is much more difficult. 
4. Testing beamwidth or antenna gain will significantly add to the conformance test specification complexity.
RAN4 discussed the issue of sensing beam “covers” transmission beam and have the following understanding. 
1) Selecting sensing beam at the gNB is up to gNB’s implementation.
2) Selecting sensing beam at UE is up to UE’s implementation.
It’s not decided whether requirement/test procedure to guarantee sensing beam(s) “covers” the transmission beam(s)’ is necessary/feasible or not for BS and UE in RAN4 group. Thus, RAN4 will not define new requirements for directional LBT characteristics related to beam quality for traffic and sensing beam for gNB and UE operating within FR2-2. 
2	Actions
To TSG RAN WG1
ACTION: 	3GPP TSG WG4 asks 3GPP TSG WG1 to take into account the above information concerning beam properties for specific beams during reception. 

3	Dates of next TSG RAN WG 4 meetings
TSG RAN4 Meeting #102-E		21 February – 3 March 2022	Online
TSG RAN4 Meeting #103-E		15 – 27 May 2022				Online
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