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1 Introduction

During RAN4#83, it was agreed to work on a description of a potential beam switching requirement [1]. In this contribution, some considerations on aspects of such a requirement are presented.

Since the requirement relates to a spatial aspect of BS performance and in general test setup for spatial requirements are not straightforward, it is essential to consider testability when designing any requirement. Thus testability considerations are also taken into account in this document.
2 Discussion

2.1 Purpose and applicability of the requirement

Beam steering is created by adjusting phase and/or amplitude at each of the transmitters in an array. The impact of RF on the speed of beam switching/tracking basically relates to the ability of the analogue front end to adjust phase and/or transmit power without causing transients and without excessive low pass filtering of the adjustment characteristic such that the amplitude/phase change becomes delayed or spread over time.

For a digital beamforming system, amplitude and phase changes are implemented in baseband. The individual RF transmitters need to respond to the baseband changes. However, in order to meet existing requirements the RF capability will anyhow be needed and tested:
· In regard to amplitude changes, TDD systems are subject to the TX ON/OFF time requirement. This tests the time needed to switch completely on or off, which is the largest possible amplitude change.

· Both FDD and TDD systems do not utilize every TTI, and thus the transmit power shifts from 100% in some TTI to RX/control only (with much lower than 100% TX power) in other TTI, whilst EVM etc requirements continue to be met.
· OFDM symbol boundaries will give rise to phase changes that are just as large as those due to transmitter phase adjustments and the RF must process these without causing transients and whilst meeting unwanted emissions & EVM.
For analogue beamforming systems, phase changes are implemented by analogue phase shifters and a beam switching requirement would capture the speed of response of these shifters.
Thus, the requirement captures aspects of the behavior of analogue beamforming systems. It is not needed for digital beamforming systems since the relevant RF behavior of those systems is already covered by other requirements. Since analogue beamforming systems are relevant to mm wave, it is suggested that a beam switching requirement is defined for mm wave only. Furthermore, since not all BS at mm wave use analogue beamforming, it might also be considered whether the applicability of the requirement may be based on a declaration.

Proposal 1: Any new beam switching requirement is only applicable for range 2.

Proposal 2: Further consideration is needed as to whether the requirement would be optional and applicable only for some BS architecture.
2.2 Definition and declaration of the beams

Any test of a beam switching requirement by definition needs a description of the beams that are to be switched between. Since a large variety of beamforming implementations are possible, direct specification of the beams that should be switched is not possible. 
Definition and declaration of beams is part of the EIRP accuracy requirement and is captured in the E-UTRA specification 37.145. It is very likely that the same definitions framework will be employed for the NR beam declarations. The beams declared for conformance testing can be directly re-used for a beam switching requirement.
Proposal 3: The existing beam declarations used for the EIRP accuracy compliance testing would be suitable for any beam switching requirement.
2.3 Requirement metric

As with any requirement, a measurable metric is needed to establish compliance. Several possibilities exist for assessing compliance. It is assumed that the BS points a beam in an intended direction for a specified amount of time. Beam switching occurs just before and just after the time during which the beam is pointed in the intended direction.
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Whether the beam is pointed in the intended direction once or multiple times is FFS.

Metrics could include:

· Power metric: Verification could take the form of measuring EIRP before, during and after the time at which the beam is pointed. The power should be low before and after the beam pointing time, and achieve the EIRP for the whole of the beam pointing time. A power metric establishes that the beam is pointed in the right direction within a reasonable time, but does not measure the switching time directly and also does not measure whether the beam is properly established such that it can be demodulated.

· Time metric: Verification could take the form of measuring the time for the beam power in the intended direction to ramp up and ramp down. The metric would presumably look similar to the TDD ON/OFF power metric, however in this case the transmitter would not be switched on or off but rather the beam direction would be changed. An investigation of a suitable value for a transition time would be needed.
· Throughput metric: Throughput or EVM could be measured when the beam is pointing in the wanted direction. Provided the test model and transmission duration would be set suitable, the throughput metric would establish that the beam switching time would be sufficient to avoid significant throughput degradation, whilst not requiring a detailed investigation in RAN4 of what the transition time would need to be.

Proposal 4: At least power, time or throughput could be considered as metrics (only one should be selected).
2.4 Requirement value

Suitable values would be needed for the metric. For the power metric (and also for the time metric), values for the expected power level during the time in which the beam is pointed in the wanted direction and the time in which the beam is pointed in another direction would be needed. When the beam is pointed in the wanted direction, the expected power level would obviously be the declared EIRP (assuming the EIRP accuracy compliance directions would be used for defining the beam). The power level expected in the intended direction prior to the beam being pointed (whilst the beam is pointed in another direction) is not obvious as it would depend on the characteristics of the equipment. Potentially the expected power level during this time period could be declared.
For the time metric, a suitable transient time period would need to be established. Unlike the TDD ON/OFF transient time, the transient period would not relate to the supportable cell size. A suitable method for determining what would be a reasonable minimum requirement for a transient time would be needed.

For the throughput metric, a test model that would sufficiently stress the throughput based on transient time would be needed (The test model could, e.g. switch the beam in the intended direction every other subframe, such that each useful subframe would be impacted by the transient time). Furthermore an acceptable throughput degradation would need to be agreed, taking into account what is achievable for transient switching time.
2.5 Testability considerations

If the beam is switched in multiple directions, then a measurement receiver that would be able to measure in multiple directions simultaneously would be able to measure metrics relating to the switching between each beam. However such a test setup would require multiple spatially placed receivers and be complex to set up.
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A more straightforward alternative would be to set up a single receiver and orientate the basestation such that one of the beams would point at the receiver. Other beams would be directed away from the receiver and would not be measured. Such a setup would be sufficient for measuring the switching time towards and away from the beam in question. If deemed useful, the test could be extended such that the BS would be rotated in order that the requirement could be validated using the same BS beam switching configuration but different beam directions (however measurements would be made on different beams independently and at different times; the BS would not be rotated as fast as the beam switching specification).
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Proposal 5: A single beam direction should be measured only such that the test only requires a single receiver.

Apart from the number of receivers in the test chamber, the requirement metric will also impact the test setup and time. Clearly power based measurements would be less complex and time consuming than throughput based measurements. However in either case, test time is not likely to be significant as long as the number of test cases would be kept small.
It is assumed that assessment of compliance to a beam switching requirement could be performed with a small amount of beams on a single frequency only; extensive testing on different carriers would not be needed.

3 Conclusion

This document has presented a number of considerations around a potential beam switching requirement. What switching time is reasonable and appropriate needs further study. Also suitable test models such that the requirement is tested properly and the testing is not extensive would require further consideration. The following proposals are made on what should be assumed when discussing the description of any potential requirement:

Proposal 1: Any new beam switching requirement is only applicable for range 2.

Proposal 2: Further consideration is needed as to whether the requirement would be optional and applicable only for some BS architecture.
Proposal 3: The existing beam declarations used for the EIRP accuracy compliance testing would be suitable for any beam switching requirement.
Proposal 4: At least power, time or throughput could be considered as metrics (only one should be selected).
Proposal 5: A single beam direction should be measured only such that the test only requires a single receiver.
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