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1. Introduction
RAN4#80bis approved a NR BS RF WF to establish OTA NR BS RF requirements associated with some existing RF requirements (e.g., emission mask, spurious emission, ACLR and EVM) in [1]. On the other hand, the new requirements to reflect characteristics for beam(s) formed by antenna arrays, which have not been specified in the existing specifications were discussed in [2, 3].
In this contribution, we discuss other new requirements which may be required for NR BS.
2. Discussion of new requirements in RAN4#80bis
2.1. Side lobe suppression ratio and Null suppression discussed in [2, 3]
In [2], the necessity of introducing new requirement “side lobe suppression ratio” was discussed. In our understanding, the main motivation shown in the paper to newly introduce this requirement is to guarantee the maximum noise level from other beam(s) falling into a main beam by a common BS creating the multiple-beam. Even if a wanted signal level (S) becomes high thanks to beam forming, if a noise level (N) from side lobe of other beam(s) is also large, the obtained SNR may be always limited by the noise level. In other words, the noise level may limit the usage especially for high order data modulation like 256QAM.
In [3], it was proposed to specify the spatial domain power profiles by means of spatial emission masks (SpEM). In the existing BS RF specifications, time domain power characteristics and frequency domain power profiles are specified respectively. More specifically, the proposed spatial domain power profiles are to specify the 3 dB beam-width, the required minimum side lobe suppression and the required minimum Null suppression.
2.2. Scope of existing and NR BS specifications
At least in the existing BS specifications (UMTS, LTE and MSR), requirements associated with beam(s) formed by antenna array(s) such like requirements shown in sub-clause 2.1 are not specified. In our understanding, the reason behind this would be that antenna function part is out of RAN4 scope since the existing specifications specify RF characteristics at the antenna connector.
In the AAS specification [4] for UMTS, LTE and MSR, although the antenna function part becomes inside of RAN4 scope, there has not been no minimum requirement for the characteristics mentioned in section 2.1 for beam(s) formed by antenna array(s) yet. In our understanding, the reason is that the characteristics are a part of implementation matter since beam forming is not the main functionality for AAS (UTMS, LTE and MSR), and AAS which doesn’t have beam forming capability is inside of RAN4 AAS scope. 
On the other hand, as commonly understood, specifying requirements not at conducted antenna connector but rather in the form of OTA requirement would be reasonable since having conducted antenna connector would be unrealistic especially for high frequency like mm Wave. Moreover, the beam forming is one of the essential capabilities to compensate for the large pass loss due to the high frequency.
Observation 1: In the existing specifications, antenna characteristics are out of scope since beam forming is not required as a mandatory and requirements are specified at antenna connector.
Observation 2: Beam directivity (beam forming) is one of the essential capabilities to compensate for large pass loss for NR with at least high frequency.
Proposal 1: For NR with at least high frequency, beam directivity characteristics should be included in the scope of RAN4 specifications.
3. Potential new NR BS specific requirements 
In this clause, we elaborate the requirements relevant to the beam formed by antenna array(s), which can be new NR BS RF specific requirements. Note that we DON`T intend to specify these requirements shown in below sub-clauses at this moment. Our intention is to kick off the discussion of the necessity of potential new NR BS specific requirements.
3.1. Steering tracking capability
As we discussed previous clause, beam forming is one of the extremely important functionalities especially for high frequency. When it comes to considering a BS transmission to a target UE, the BS needs to configure the TX beam to the UE. If there is large direction difference (main direction) between actual beam by the BS and the designed (ideal) beam, the UE may not be able to receive DL signal from the BS. This issue becomes even more serious when it comes to considering mobility aspects. As can be inferred from the TR 38.913 [5], not only in the existing RAT network but also in the NR network, the UE mobility will be assumed to some extent. That says that it will be required that BS can change steering direction expeditiously (hereafter called “steering tracking capability”). In our understanding, the steering tracking capability cannot be guaranteed by output power accuracy or EVM requirements while the requirements relevant to beam forming such as output power accuracy, EVM etc., are specified by a form of the declared “Range“ by the manufacture.
Thus RAN4 needs to discuss the necessity to newly introduce “steering tracking capability” requirement for NR BS as shown in Figure 1. This BS steering tracking capability would be important aspect to consider UE RRM requirement in order to take good balance between BS and UE by understanding each capability.
Observation 3: It will be required that BS can change steering direction expeditiously to track UE movement.
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Figure 1. The necessity of “steering tracking capability” requirement

3.2. Steering angle step size
At least for AAS and eAAS, a minimum steering angle step size (how small step size BS can take to a certain direction) is not specified in the spec due to the concept that it is an implementation matter. Beam forming is, however, one of the extremely important functionalities for NR. Thus, the steering angle step size parameter may affect NR network performance.
Hereafter in this sub-clause we assume the UE is at the cell edge where the maximum BF gains are used for both a serving BS and the UE. In this case, BS may perform single-beam with high beam forming gain and narrow beam-width.
As shown in Figure 2, if steering angle step size (X in the left figure) is large, BS may not be able to adjust the beam direction to the target UE even if the BS selects the best possible beam direction. On the other hand, if the step size (Y in the right figure) is small enough, the BS can adjust the beam direction even more accurately by selecting the best possible beam, which is significantly close to the best direction to the target UE.
Here we consider the impact of steering angle step size (X) and distance between BS and UE (d) as shown in Figure 3.  is the alignment error between ideal beam and selected beam at the UE side.  can be obtained from below equation.
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Where d is the distance between BS and UE, and  is beam-width.
As you can see from equation (A), alignment error  becomes larger if d or (X  becomes larger. Generally, to support the UE at the cell edge (d is large), then higher beam forming gain would be required, and as a result beam-width  would become small. Namely, to support the UE at the cell edge, steering angle step size (X) should be equal with  or close to  as much as possible.
Observation 4: It is required that BS can change the steering direction with small angle step to shoot beam to the desired UE, especially when distance between BS and UE is large and beam-width is narrow (steering angle step equal to or close to beam-width would be required).
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Figure 2. The impact of steering angle step
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Figure 3. Relationship between d (distance),  (beam-width) and  (alignment error)
3.3. Steering angle range
In this sub-clause, hereafter, we assume the UE is close enough to the BS where the BS may perform multiple-beam with low beam forming gain and wide beam-width.

At least for AAS and eAAS, steering angle range (how wide BS can change the steering direction) is implementation matter and not specified in the spec. However, this steering angle range aspect may affect NR network performance.
For example, we consider to deploy NR BSs to cover the street lined with buildings on either side as illustrated in Figure 4. If steering angle range is small (a in the Figure 4) operator needs to deploy a number of BSs. On the other hand, if steering angle range is large (b in the Figure 4), the required number of BSs becomes small.
Observation 5: It is required that BS has wide steering angle range to cover wider area, especially when distance between BS and UE is small and beam-width is wide.
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Figure 4. The difference of steering range of angle to cover the street
4. WF on how to address the new requirements which may be required for NR BS
In previous clause, we elaborated the requirements relevant to the beam formed by antenna array(s), which can be new NR BS RF specific requirements.

Not only existing requirements but also necessity of NR specific new requirements should be discussed in RAN4. If there is other aspect(s) than shown in clause 2 and 3, it would be beneficial to discuss the necessity of these in NR SI phase.
Proposal 2: RAN4 should discuss the necessity of the requirements relevant to the beam formed antenna array(s), which can be new NR BS RF requirements.
5. Conclusion

In this contribution, we discussed the other new requirements which may be required for NR BS and obtained following observations and proposals.
Observation 1: In the existing specifications, antenna characteristics are out of scope since beam forming is not required as a mandatory and requirements are specified at antenna connector.

Observation 2: Beam directivity (beam forming) is one of the essential capabilities to compensate for large pass loss for NR with at least high frequency.

Proposal 1: For NR with at least high frequency, beam directivity characteristics should be included in the scope of RAN4 specifications.
Observation 3: It will be required that BS can change steering direction expeditiously to track UE movement.

Observation 4: It is required that BS can change the steering direction with small angle step to shoot beam to the desired UE, especially when distance between BS and UE is large and beam-width is narrow (steering angle step equal to or close to beam-width would be required).

Observation 5: It is required that BS has wide steering angle range to cover wider area, especially when distance between BS and UE is small and beam-width is wide.

Proposal 2: RAN4 should discuss the necessity of the requirements relevant to the beam formed antenna array(s), which can be new NR BS RF requirements.
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