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1 Introduction

During RAN4#81, a desired was expressed by some companies to consider development of a spatial beam quality requirement for mm wave systems. A WF was agreed in [1], in which companies were encouraged to provide their views on what kind of spatial requirement could be useful.
In this document, the rationale behind introduction of a spatial requirement is considered, together with other considerations on ensuring that the requirement is generic and does not constrain implementations.
2 Discussion
2.1 General intention with spatial requirements
Operating wireless communications in the mm wave bands over any reasonable distance will require beamforming in order to provide sufficient link budget in order to reach users. The link budget dimensioning will require a large number of antenna elements and narrow beamwidths. In addition, to provide large amounts of capacity, it may be desirable for mm wave basestations to support single-user and multi-user MIMO in both downlink and uplink.
Since beamforming will be a key to successful mm wave operation, consideration should be given as to whether standardized radio performance requirements that set a minimum scope for spatial operation of mm wave systems. Particular attention should be paid to what is appropriate to address in 3GPP in terms of standardized minimum requirements, as compared to data about performance of individual products that is measured and provided by manufacturers but is not subject to 3GPP requirements.
Whilst considering spatial requirements, it is important to consider that 5G basestations may be designed with quite differing architectures and different approaches to beamforming. As always in RAN4 work, it is important to ensure that requirements do not unreasonably prevent good and valid hardware architectures or beamforming.

In general, beamforming approaches may include spatial beamforming (i.e. sending a beam in a known direction given knowledge of the position of a UE), beamforming based on explicit feedback from the UE (often based on precoding based on a codebook of finite precoding vectors), reciprocity beamforming for TDD (in which a DL beamforming pattern is derived based on measured UL signals) and other approaches. For mm wave, in particular where propagation conditions necessitate LOS transmission and hardware implementations include an element of analogue beamforming, a fixed grid of beams is a common approach for beamforming. Potentially, a spatial beam quality requirement for mm wave could consider that beamforming is based on GoB as a baseline assumption, although care should be taken that other beamforming approaches are not precluded.
Directing radiated energy in a different direction to that of the intended UE can impact system performance in one or both of two manners. In the downlink, an unwanted beam may cause inter-cell interference to an adjacent cell. Of course, the wanted beam will also cause inter-cell interference, and thus unwanted energy is only a problem in a system in which interference is coordinated between cells. Alternatively, (or in addition), if multiple users are scheduled in the downlink in different directions, then leakage between the beams would cause inter-user interference. Conversely, in the uplink a non-ideal beam pattern could increase sensitivity to inter-cell interference, or cause inter-user interference if side-lobes of the UL beam for one user are directed towards another user.
2.2 Traditional antenna related parameters as candidates for spatial requirements

A number of parameters relating to beam pattern are well known (at least in the context of passive antenna systems)

· Gain
· 3dB Beamwidths for azimuth and vertical
· Sidelobe suppression (SLS)

· Cardinal cuts (horizontal/vertical) through the main beam
· Full radiation pattern

· Steering range

· Cross polarization radio (XPR)
· Front to back ratio

· Polarizations

· Tracking

· Squint

· Port isolation

· IM3 (Passive Intermodulation)
No formal definition of any of these parameters has been made in 3GPP at this stage.
It is important to note that for active antenna systems that perform beam steering, each of these parameters is not static, but will change dependent on the degree of steering.

For active systems that steer beams, a number of other aspects of antenna performance may become important such as 
· grating lobe sizes, 
· EIRP drop with steering angle, 
· scan loss, 

· scan blindness etc.

In terms of requirements, several of these parameters have been discussed, for example SLS. What has not been the subject of discussion up to now is how each of these parameters relates to end user performance and throughput, whether requirements could be set on spatial parameters individually or should be set in combination and whether a single set of minimum requirements would enable innovation in hardware architecture and design. For example, a requirement could be set on SLS with the intention of setting a worst case level of inter-beam interference. However with no requirement on beamwidth, there would not be a guarantee that a basestation would not create overly wide beams that would interfere with one another. This is an example of the need to set requirements on a number of parameters in combination.
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Figure 2: Two examples of beam patterns. The right hand pattern has better SLS but wider beamwidth, and as a result the red and blue beams interfere with each other more for the right hand pattern than the left one.
Another example could be a situation in which a requirement is set on sidelobe suppression. A particular basestation type might create a large sidelobe in a particular direction that the scheduler is aware of. Thus interference between beams could be avoided by means of smart scheduling and the sidelobe would not necessarily impact performance. This could be an example of reducing the possibility for innovation; in this case smart use of the beam space.

2.3 Traditional radio requirements as candidates for spatial requirements

The end purpose of a 5G basestation is to transmit and receive information to/from end users. In this context, the spatial parameters of the antenna array are of secondary importance to the efficiency in transferring information. In principle, spatial requirements could be set based on known and understood radio parameters. In this way, all aspects of spatial antenna performance that relate to end user experience would be captured.
In the transmitter direction, one obvious candidate for a spatial radio requirement would be multi-beam SINR degradation. Such a metric could be specified similarly to EVM. To differentiate from EVM, the term MBSQ (Multi-Beam Signal Quality) is employed in this document An measured beam would be transmitted alongside one or more other beams (intended for other users). MBSQ would be measured in the target beam, with a minimum requirement on the acceptable degradation due to the other beams.
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Figure 3: Multi-beam EVM requirement
As an alternative to MBSQ, throughput in the target beam (based on a defined test model) could be measured.

A key issue for this kind of requirement would be to determine the combinations of beams for which the requirement would be applicable. This could depend on the number of supported simultaneous users, and also potentially on restrictions on scheduling combinations of beams that are known to mutually interfere. Attention would need to be paid to the amount of testing combinations, since the likelihood of being able to test all beam combinations would be small.

In the receiver direction, a “beam selectivity requirement” could be defined. A wanted user would transmit to the basestation from one direction whilst interference would be provide from other directions. Similarly to ACS and blocking, a throughput degradation compared to reference sensitivity would be defined. To differentiate from existing ACS, the term MBRSS (Multi-Beam Receiver selectivity) is used
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Figure 4: Multi direction RX selectivity requirement.
Similarly to MBSQ, the number and positions of interferers during testig would need to be decided. The feasibility of a test setup for this type of requirement would need further consideration, since transmission to the basestation from a number of directions would be necessary.

Radio related requirements set on an individual basestation would not directly capture interferences that would impact neighbor basestations. However if inter-beam interference requirements would be defined sufficiently robustly, then unwanted energy would not contribute to inter-cell interference (since if the interference intra-cell is managed, then inter-cell will also be managed).

2.4 Fixed requirements and declarations

With either of the approaches described above, it is likely to be necessary to include some aspect of declaration, due to the potential for variations between beamforming approaches and architectures. Some examples of aspects that may need to be subject to declaration include:
Support for fixed grid beamforming

As discussed in section 2.1, an underlying assumption is made that the mm wave system performs beamforming using a fixed grid of beams. Should this not be the case, then an alternative spatial requirement may be needed. It may be preferable for the specification not to assume and limit BS implementations to using GoB.

Number of beams in each dimension

The number of beams in each dimension may vary between basestations and is likely to need to be declared

Beam directions

The directions of beams may vary between basestations and is likely to need to be declared. 

Note that in the release 13 AAS specification, the number of supported beams and their directions is captured in a set of declarations known as the “EIRP accuracy directions set”.

Number of simultaneous beams

The maximum number of beams that may be transmitted simultaneously to different users may differ between basestations. Depending on the intended deployment scenario and architecture, this relates to the ability of the BS to support MU-MIMO and the maximum number of users supported.

Supported beam combinations

It may be the case that not all combinations of beams are supported, in which case the set of supported beam combinations might be a declarable parameter. A suitable format for declaration would be needed, however since potentially the set of all possible beam combinations can be very large.

Applicability zones/combinations for any antenna parameter related requirements
As discussed in section 2.1, it may be that sidelobes from one beam appear in a region of space in which scheduling a simultaneous beam is not supported. To cover this case, potentially applicability zones / combinations for spatial requirements may be declared. The need for such zones depends on whether restrictions to beam combinations should be supported or not. Potentially exclusion zones for other antenna parameters may be needed too.
The above list is an example list for discussion, and is not at this stage intended to be exhaustive.

2.5 Testing considerations

For testing of requirements relating to antenna parameters, consideration would need to be given to the fact that the antenna parameters would vary depending on the beam (since e.g. EIRP, beamwidth, side and grating lobe sizes etc. depend on beam steering). Testing of all parameters on every beam is likely to be overly complex; thus a means to identify worst case beams for testing would be needed.

Another consideration for antenna parameter testing would be link budget in the test chamber; measurement of sidelobe levels would imply signals significantly below the level of the main lobe, which would impact measurement uncertainty.

For radio parameter related testing (MBSQ or MBRSS), means of restricting the number of tested beam combinations would need to be considered. As indicated in earlier sections, the potential number of beam combinations may be very large and thus testing of all possible beam combinations may not be possible. As an example, with 64 beam possibilities, the number of potential combinations of 2 beams would be 2016, and the number of potential combinations of 3 beams would be 41664; thus clearly a means of identifying worst case combinations for testing would be required.
For testing spatial selectivity, a test setup involving signal sources from 2 or more directions would need to be investigated.
3 Conclusion

This paper has considered potential spatial requirements for mm wave systems. Antenna pattern requirements are one possibility, however antenna pattern requirements do not relate directly to end user performance. Thus a generic means for setting minimum requirement would potentially be required.

Defining requirements on multi-beam MBSQ in the TX direction and MBRSS (or similar) in the RX direction would provide requirements that directly compare with known requirements for existing systems and directly capture end user performance. For this reason, we tentatively propose to consider multi-beam signal quality and spatial selectivity for spatial requirements.

Further work is needed to consider the necessity and scope for declarations relating to spatial parameters and also means for ensuring that testing has good coverage whilst being manageable in test time and complexity.
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