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Introduction
In RAN1#87, there was a discussion on whether wide beams could be formed using massively large antenna arrays. This also caused some confusion in RAN2, where some companies seem to have the belief that an antenna array only can create narrow beams and not wide beams. In RAN2, this was discussed in the context of initial access and mobility and on the topic whether beam sweeping is always needed or whether there can be deployments where beam sweeping is not used for broadcast channels while (also at, e.g., 28 GHz and when using antennas with many antenna elements) it is used for data channels. 
In this contribution, we give some examples on wide beamforming with an array with many antenna elements.   
[bookmark: _Ref178064866]Discussion
When carrier frequencies increase beyond those used in current mobile systems, there is an increased need for significantly larger antennas in terms of wave lengths, due to more limited link budgets. Even though the arrays will be larger in wavelengths they will typically be smaller in area (m2) than currently deployed antennas. The large area (m2) in combination with the small wavelength results in a beam with the desired high gain. However, high gain is the result of the beamwidth being narrow which is not a desired property in all scenarios. For example, narrowing the beamwidth increases the number of beams that have to be tested in beam finding situations, which increases the probability of using an incorrect beam in high mobility scenarios. 
[bookmark: _GoBack]Widening the beam leads to a reduced antenna gain and should thus be used only when it leads to improved performance . The typical situation at higher frequencies will be that each element, or possibly subarray, is equipped with its own power amplifier (PA). In order not to limit the reduction in link budget it is important to efficiently utilize these available PAs, meaning that the available total output power shall be kept as high as possible. Typically, this means that only phase tapering shall be applied, potentially in combination with a limited amount of amplitude tapering. 
In 3GPP, the idea of forming wide beams, wider than DFT-beams, was proposed in [1] but there exist other papers, such as [2], [3], [4] presenting a similar basic idea. Common for all ideas is that the wider beam is accompanied with a certain level of beam ripple. In a channel with angular spread such ripple is assumed to have only a minor impact, as if a beam with no ripple could have been designed.
[bookmark: _Toc471733277]Several methods exist that can form wide beams from antenna arrays with many antenna elements
Beam widening
In this section, we discuss two possible beam-widening approaches, their pros and cons, as well as their performance. 
Amplitude tapering
The straightforward approach to beam widening is to transmit from a subset of antenna ports. In the extreme case, a single subelement out of the entire array is utilized to produce a beam. The advantage of this approach is that the beam in this case becomes as wide as it can possibly be. However, the downside lies in the fact that the approach leads to poor PA utilization.
The above solution is a particular case of amplitude tapering, for which, in the general case, the amplitudes and phases of the weight vectors can be adjusted, allowing for lower peak-to-average power ratio (PAPR) and, consequently, for more efficient PA utilization. For instance, in [2], a weight optimization algorithm is proposed based on the minimization of the spatial fluctuation of the beam pattern. The resulting beam has a negligible level of ripple, while preserving a reasonably low PAPR.
Widening function
An alternative approach for beam widening has been proposed in [1]. The main idea lies in applying a widener function  on a base DFT weight vector. That is, for the an -antenna uniform linear array (ULA),

where for  the widener function is given by

and  denotes the element-wise product. Parameters  shall allow for further optimization of the beam shape given an immediate objective.
The advantage of this approach is that it relies solely on phase tapering, preserving the full utilization of the PAs. The downside is that the corresponding beam is characterized by a significant level of ripple. 
Performance comparison
Figure 1 illustrates the performance of the above discussed methods by comparing the beam patterns obtained for a horizontal ULA with 128 subelements and nearest-neighbour spacing of 0.5 wavelengths. For the case of beam widener, the parameters have been set to  and . 
[bookmark: _Toc471733278]Amplitude tapering can produce spatially flat beams at a cost of lower PA utilization
[bookmark: _Toc471733279]Phase tapering preserves full PA utilization at a cost of spatial beam ripple
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Figure 1 Example of beam shapes designed using the discussed wide-beam methods

Use cases for beams wider than the smallest possible beam widths
How the TRxP forms its beams is an implementation issue. In scenarios where beam sweeping may be used to find the best possible beam for high performing data channel transmissions with high throughput, wider beams should likely be used for control channels, initial access, and mobility. The reason is that narrow data beams may be too narrow for other uses, requiring beam sweeps, that are costly in overhead. Only in the case that very high quality narrow data beams is needed, an extended beam management procedure can be triggered to find the best narrow beam. 
In other cases, for small packet transmissions and/or low latency transmission, a somewhat wider beam can be used, that is less susceptible to pointing errors due to mobility (the potential lower array gain could be acceptable). The same holds for PDCCH. 
[bookmark: _Toc471733280]Also for gNB antenna arrays with many steerable antenna elements, capable of creating very narrow beams for data transmission, there is a need to have capability to create wider beams with lower array gain
Moreover, for initial access and mobility functionality, even wider beams than for small data packets and PDCCH, that even could provide sector coverage can be used (dependent on the needed coverage in the deployment scenario). 
To summarize, NR should not mandate beam sweeping to be used for channels and signals, for example initial access, mobility, common search space PDCCH, broadcast channels etc, even though data channels are beamformed in narrow beams. NR should support flexible combinations where e.g. data channels have narrow beamwidths and initial access have sector covering beams, without any penality in terms of overhead (for example, the spec should not mandate beam sweeping of any signal at any frequency).
[bookmark: _Toc471393056][bookmark: _Toc471733281]NR should support using a flexible and independently controlled beamwidth for transmission of all supported channels and signals at all carrier frequencies. The use of beam sweeping for any such channel or signal is optional and should not penalize operating without beam sweeping in terms of e.g. latency or overhead.  
[bookmark: _Toc471733282]In more particular
[bookmark: _Toc471733283]Wide beams (including a single, sector covering beam) of signals used for initial access and mobility is supported in NR without any overhead or latency penalty compared to when beam sweeping is used
Conclusions
In this contribution we made the following observations:
Observation 1	Several methods exist that can form wide beams from antenna arrays with many antenna elements
Observation 2	Amplitude tapering can produce spatially flat beams at a cost of lower PA utilization
Observation 3	Phase tapering preserves full PA utilization at a cost of spatial beam ripple
Observation 4	Also for gNB antenna arrays with many steerable antenna elements, capable of creating very narrow beams for data transmission, there is a need to have capability to create wider beams with lower array gain

Based on the discussion in this contribution we propose the following:
Proposal 1	NR should support using a flexible and independently controlled beamwidth for all channels and signals at all carrier frequencies
In more particular
Proposal 2	Wide beams (including a single, sector covering beam) for initial access and mobility is supported in NR without an overhead or latency penalty compared to when beam sweeping is used
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