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1 Introduction
In the last meeting (RAN4#83) beam specific requirements were once again discussed and a way forward [1] was approved. 
One of the new beam specific requirements which is still under consideration is beam switching speed, the following agreements were captured in [1]:
· The name of “”beam steering speed” should be replaced by “Beam switching speed”

· RAN4 agrees to work to create a description of a RF Beam switching speed requirement for potential introduction in Rel-15 NR core spec is derived based on a for NR BS with analog BF.

· If requirement description becomes agreed, RAN4 introduces the requirement in core spec.

· BB and/or RRM related beam switching speed requirement is FFS. 

· Applicability of the requirement is FFS. (e.g., BS power class, Analog or Digital BF etc.) 

· In RAN4-NR#2 meeting (June, 2017), companies encourage to provide how to specify RF beam switching speed requirement.

· Feasibility of OTA testing of this requirement should be studied further.

· Even if feasibility is not identified by November, RAN4 would consider whether to introduce the requirement in core spec only (without testing) or not.
This paper gives further analysis on each option and presents our view on which is best.
2 Discussion

As with all requirements we must consider both what the system requires and also what the hardware is capable of with a reasonable implementation.

2.1  Requirement
The purpose of beam forming is to optimize the link between the BS and the UE. As UE’s are likely to be in different locations then it is necessary to direct beams in different directions when connecting with different UE’s.

It is assumed RB’s are allocated to UE’s in both time and frequency, depending on the implementation of the beam steering it may be possible to allocate beams different directions in time only or time and frequency.

· BB beam steering can allocate different phase weights (hence direction) in both time and frequency)

· RF beam steering is not RB level frequency selective so can only allocated different phase weights (directions) in time.
With the exception of the modulation quality requirements the RF requirements tend to be applied to the whole channel rather than at RB level, the ability to allocate different beam directions to RB’s over frequency is not part of any switching time requirement hence it is reasonable for any switching time requirement to be based on changing the direction of RB’s in time only. For the purposes of the requirement the whole channel is in part of the same beam in the same direction.

The time required to change beam direction is time lost, for LTE a symbol (normal CP) is 0.5ms / 7 = 71.4us.
Clearly losing a symbol every RB would be a significant reduction in throughput so to implement user level beam steering the switching time must be faster than 70us. 

Currently there is no guard time between RB’s so any time lost will be lost for the start/finish of the modulated symbol so unless the switching time is zero some of the 1st symbol will be lost. 

How much of a symbol can be reasonably lost before the symbol is unrecoverable?

An indication could be that the TX ON/OFF switching time allocation is 17us.

The frame allocation and timing for NR is different to LTE, this should clearly be considered when deriving a maximum beam switching time.
It could be considered that with NR using different sub-carrier spacing and different symbol lengths the switching time requirement may vary depending on the symbol length.

2.2 Implementation

Beam steering requires the phase of the signal applied to the elements of the antenna array to be manipulated is such a way as to direct the beam.

Base band beam steering applied the phase weights in the BB and hence can be considered almost instantaneous.

From the point the signal is split and the beam steering weights are applied the system requires a duplication of the hardware. By using RF phase shifting the amount of hardware which is duplicated is reduced and hence RF phase shifting is a likely. implementation.

The downside of RF phase shifting is that implementing RF phase shifting remains a difficult challenge.

Analog RF phase shifting can be achieved by using diodes, however these are generally current controlled devices and hence require time to change state. Discrete RF phase shifters where a high speed RF switch is used to select different lengths of transmission line to implement different phase shifts is another solution, RF switching is faster than changing the analogue state of a diode but still requires some time. GaAs switches requires in the 10s ns to switch, PIN diode switches in the 100s ns.

It could be considered that if the beam direction switching time is orders of magnitude lower than the Tx ON/OFF time it may not be required.

2.3 Measurement

As has been discussed measurement of true switching time i.e. the time between moving away from direction A and arriving at direction B, requires multiple receive antennas in the OTA range. Currently all RF requirements are based on a single calibrated path between the DUT and the test antenna.

Introduction of an additional calibrated path inside the chamber could possibly require larger chambers as generally it’s the DUT which is rotated to change direction, the test antenna remains stable. 

As was proposed in [2], a compromise to reduce measurement complexity could be to use a single measurement direction and make 2 measurements, the time it takes to disappear form A (when steered to B) and then the time it takes to appear at A (when steered from B). 
3 Summary

This contribution highlights that both the requirement for beam switching time and the time required in a reasonable implementation should be considered.
The switching time should be related to any potential to loose symbols (and hence reduce throughput) and be based on the symbol rate. How much of a symbol can be lost without effecting data rate adversely is FFS.

RF beam steering or switching is will be the limiting implementation when considering switching time. Some simple devices for RF switching have been considered, a more comprehensive investigating into worst case switching time should be carried out. However it is worth considering that if potential switching times are shown to be much smaller than the potential requirement then it may not be necessary to have a requirement.
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