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1 Introduction

During recent RAN4 meetings, there has been a discussion on introducing new types of requirement on BS beamforming. Some potential new requirements have been proposed, as captured in [1]. In addition, it was suggested in [2] to answer some fundamental questions about the purpose and scope of the requirements in order to make a proper decision on the usefulness and feasibility of each requirement.
The proposed possibilities for requirements are as follows:

· Guarantee of several fluctuation(Beam stability) 
· EIRP envelope curve 
· Beam steering speed 
· SLSR（Side lobe suppression ratio）
· FBR（Front-back-ratio）
· multi-beam signal quality and spatial selectivity for spatial requirements.
In this document, Ericsson views on the questions are provided; in some cases individually for each requirement proposal and in some cases more generally.

2 Discussion

1 Is the proposal aimed at systems below 6GHz or above 24GHz ?
The Way Forward in [3] suggested that the scope of the discussion is above 24GHz only. Our understanding is that some companies are also interested to consider at least some of the requirements for below 6GHz. In our view it is OK to extend the scope to consider both, but conclusions about new requirements should be made separately for each frequency range and may differ for below 6 and above 24GHz.

2 What is the underlying concern about system performance that the requirement is aiming to capture ?
This question is best to answer on a per proposal basis. Our understanding of the potential system concerns is outlined, as well as a view on whether the system concern is important and what further investigations may be needed.

· Guarantee of several fluctuation(Beam stability) 

The concern on system performance to which this requirement would relate is presumably that a BS may pass the EIRP accuracy requirement initially but later on compliance would be degraded due to phase calibration drifting, temperature changes etc. 
The ability of a BS to continue to meet 3GPP requirements over a longer timescale and in different conditions is in principle not new for NR, although clearly the need to achieve phase coherency implies that an NR/AAS BS is more complex with more factors that could change.
Referring to beam stability, the requirement does not seem necessary for ensuring co-existence, interoperability or correct interaction with the UE, but relates to the quality of the BS signal. Thus the motivation is basically to provide some means for setting a minimum requirement on BS signal quality.

RAN4 requirements are in general not specified as applicable within a limited timescale or limited range of conditions, and thus in principle this type of requirement exists by default, but is not by default tested under different conditions and for a longer time. The question for discussion is one of conformance testing rather than core requirements.

· EIRP envelope curve 

The concern on system performance addressed by this requirement would be fluctuation of achievable EIRP in between beams leading to reduced predictability of performance or even coverage blackspots. The requirement is only of use where beamforming is based on a static grid of beams. Of course, EIRP will anyhow in general increase with increasing beam steering and so such a requirement would only serve a purpose if the drop in EIRP between beams within the coverage area could exceed the EIRP drop at the edge of the coverage area. Furthermore, for NLOS environments any impact to performance may be averaged and diffuse due to multipath channel effects. 

Clearly, however a very large drop in EIRP in between beams could lead to patchy coverage.

Again, the requirement is not needed to ensuring co-existence, interoperability or correct interaction with the UE but is about BS signal quality.

· Beam steering speed 

The concern on system performance to which this requirement relates is not entirely clear to us and could be one or both of a couple of issues:
· Tracking of a fast moving user; the requirement would set an upper limit on the speed of user movement that the BS would be expected to accommodate

· Ability to rapidly schedule different users in different positions in space. Clearly, the BS must be able to switch beams fast enough to transmit independently to different users in different TTIs.

The BS functionality that is being tested will differ depending on the goal of the requirement. For switching beams to different users, it is RF switching speed. It is quite necessary in most cases that a BS should be able to serve multiple users. Tracking a fast moving user is more related to the speed of acquiring information sufficient for deciding on which beam is optimal. The latency for obtaining information on a users direction will depend on more than just BS implementation as uplink transmissions will be needed for measuring such information. A requirement for tracking a user is more like an RRM requirement than an RF one.

In either case, the requirement is not about co-existence, interoperability or predictable interaction with the UE, but about correct and high quality BS operation.

· SLSR（Side lobe suppression ratio）
Again, the purpose of an SLSR requirement is not entirely clear to us, as there are a couple of possibilities:
· Sidelobes may create inter-cell interference towards neighbor cells at the same site. For a traditional passive antenna system with cell wide coverage, minimizing the sidelobes can directly reduce interference to a neighbor sectors of the same site. Interference towards other sites will be mostly dominated by main lobe interference. For a system with user specific beamforming, the size, magnitude and position of the sidelobes will vary depending on the beam pointing direction. Interference to the adjacent cell will be increased in certain directions, but reduced in other directions. The impact to adjacent cell performance will depend on the beam pointing direction in the adjacent cell.
· Sidelobes may create interference between beams transmitted within the same cell if MU-MIMO is used. The amount of interference will depend on the specific combination of beams that are scheduled.
[1] provides some further insights and simulation results on the impact of radiation pattern on sidelobe definition and size.
The requirement does not address anything connected with co-existence, interoperability or predictable interaction with UEs and relates to BS signal quality.

· FBR（Front-back-ratio)
In a traditional 3 sector passive system with a wide beam, front to back ratio can impact the interference experienced in other sectors. For a non sectorized BS, it is not clear whether FTB ratio has large significance.
For beamforming systems, any energy behind the antenna may be further suppressed by beamforming. Further study is required to determine whether FBR impact from beamforming systems is likely to be large enough to have an impact in practice.

The requirement does not address anything connected with co-existence, interoperability or predictable interaction with UEs and relates to BS signal quality.

· multi-beam signal quality and spatial selectivity for spatial requirements.

This requirement is specifically related to systems implementing a fixed grid of beams and MU-MIMO, and in effect sets a signal quality requirement relating to inter-beam interference to ensure acceptable in band performance. As discussed in [4], it will not be possible or even desirable to test all possible combinations of beams.
3 Why is it useful or necessary to capture this requirement/parameter in a 3GPP standard ? Can and should the requirement be tested in a standardized manner ?
· Guarantee of several fluctuation(Beam stability) 

As discussed in the response to question 2, by default requirements apply all of the time and in all operating conditions in general. Restricting the applicability of any requirement in time should be a deliberate and justified decision, if made. In regard to testing, it is not obvious what the timescale for testing should be, since in principle equipment is always able to be designed to meet requirements over the standardized test duration but not any longer.
The complexity in terms of cost and time for NR testing is already likely to be higher than previous generations. Increasing test cost and time further due to extended tests of coherency/beam stability etc. should be considered very carefully. Other non-standardized solutions, such as proprietary reporting of the stability of calibration loops etc. may prove to be more feasible solutions.

· EIRP envelope curve
The variation of achievable EIRP within the coverage area does not directly impact any aspects such as co-existence, interoperability, regulatory compliance etc. It may be considered as relating to transmission quality. Whether variation of EIRP should be considered as necessary for a compliance requirement is not obvious; potentially a decision could be made based on test complexity and an evaluation of whether RAN4 has sufficient time.
In regard to testing, without testing EIRP at every possible position within the coverage range it is never possible to guarantee that EIRP is achieved in all non-tested directions. The directions (in between beams) for which it may be relevant to test that EIRP is achieved are very implementation dependent and would probably need to be declared. Declaration of EIRP values within the EIRP accuracy directions specification is already possible with the release 13 specification, but robust verification of an envelope curve requirement in a generic standardized manner with a reasonable time and complexity may prove difficult.
· Beam steering speed 

As discussed in the section above, the system issue to be addressed by this requirement is not entirely clear to us. However it is worthwhile to consider that the ability to schedule users in a timely manner and to adapt transmit and receiver parameters for moving users is not captured in any RAN4 requirements today (apart from high speed demodulation requirements). This does not imply that proper scheduling and user tracking are not of importance, but that they are not seen as 3GPP compliance issues.
With regards to testing, testing of the ability to switch beams would require an OTA test setup with at least two spatially separated receivers, and testing of the ability to track a user would require a moving receiver within the test environment. Standardization of testing would require some assumptions to be made about the angular separation and/or movement speed.

· SLSR（Side lobe suppression ratio）
It is not immediately obvious that SLSR would impact co-existence, interoperability or UE operation. If the intention is to regulate inter-cell interference, then capturing SLSR in the 3GPP specification to regulate inter-cell interference would represent an extension of the scope of RAN4 requirements into a new domain (since this kind of inter-cell interference is not captured today). If the intention is to capture inter-beam interference, then the requirement would represent an extension of the signal quality measurements. Since a lot of the parameters of any requirement would need to be based on declarations, there would probably not be a single minimum requirement and thus the underlying question is whether RAN4 scope should include standardizing test methodologies.
In regard to testing, an SLSR test tolerance and approach could potentially be standardized. Some extensive work may be needed though, since the link budget for measurements would be quite different to EIRP accuracy.

· FBR（Front-back-ratio）
Similar considerations apply for FBR to SLSR; the “requirement” will involve several declarations any may not be a minimum requirement. In any case, it would involve an extension of the scope and purpose of RAN4 requirements. Testing would need some more investigation due to potentially challenging link budgets.

· multi-beam signal quality and spatial selectivity for spatial requirements.

This kind of requirement would represent a more advanced spatial signal quality requirement. It would require a large amount of declarations and may as such actually be a standardized test methodlogy rather than a minimum requirement. The need for advanced in-band signal quality requirements in compliance specifications is not obvious today, and more discussion is needed on whether the scope of standardized requirements should include this.
Testing would probably be straightforward to standardize, although the amount of test combinations could become very large.

4 Are we aiming at general requirements that can be applied to any kind of BS or at requirements relating to particular types ?
In our view, due to the potentially large and diverse range of architectures, beamforming approaches and site constructions the proposed requirements relating to spatial and beamforming performance are very difficult to make general for any BS type. Also the beam tracking speed requirement may need to be applicable to certain environment/architecture types and not others.
Thus discussion and agreement would be needed on the types of architecture and/or environment in which each requirement should be applicable and how to define and capture the applicability in the specifications.

5 Is it really a requirement that is targeted or rather a standardized method of declaration and testing ?
In our view, the SLSR, FBR and multi-beam signal quality “requirements” would be likely to be based on a large set of declarations and thus become more of a standardized declaration/testing approach than a minimum requirement.

The other requirements on EIRP envelope, beam tracking speed and fluctuation of beam may be possible to define as a minimum requirement, although at least the beam tracking speed requirement may need to be restricted to certain types of declared architecture and deployment scenario.

6 Does the proposed requirement represent an RF, an RRM, a demod or some new category ?
The SLSR, FBR and multi-beam signal quality will be mostly declaration based. Furthermore, they relate to beamforming which may be distributed across RF and baseband. They should be treated as a new category of requirement.

The beam tracking speed requirement should be further clarified as it could be conceived of as RRM or RF.

The beam stability is probably an RF requirement.

The EIRP envelope requirement could be thought of as RF, or as a new type of “spatial” requirement.

3 Conclusion

This document has presented some views on the questions raised in the last meeting. In general, most of the proposed requirements do not relate to co-existence, interoperability or ensuring proper UE-BS requirement split and are an attempt to standardize requirements on product performance extending into domains such as beamforming/spatial, RF stability etc. 
Several of the proposed “requirements” are likely not to be minimum requirements but rather standardized approaches to declaration and testing.

As highlighted, developing test approaches for some of the requirements may be time consuming and complex.

Product performance is an important aspect to take into account when selecting and rolling out network equipment. However we believe that given the scale and timescales for the existing RAN4 work and considering the need for a wider debate about what is useful to standardize, RAN4 should be extremely cautious about introducing new requirements at this stage, in particular ones that extend the scope of what is covered by 3GPP compliance requirements. It is important to take into account that requirements that are based on declaration of performance and meeting declarations can be introduced at a later stage without backward compatibility issues.
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