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1	Introduction
In the last quarter of RAN1 and RAN4 meetings, there have been discussions (triggered by RAN plenary) to discuss further the working assumptions taken by RAN plenary on the number of antenna elements in the Base Station and UE to be used for NR system evaluation purposes. This document discusses more generically the antenna element maximum limits with respect to the NR design.

2	Discussion
2.1 Lack of rationale for number of max Base Station antenna elements
The agreement as an outcome of RAN1#85 is basically to confirm the current working assumption taken by RAN plenary for the number of antenna elements to consider in the BS and UE for 700MHz and 4GHz, with an open issue on whether to increase the number of BS antenna elements for 30GHz, and it seems it was agreed to increase the number of elements for 70GHz to 1024, based on larger physical panel array size being potentially possible. RAN4 has then agreed to re-use the agreements from RAN1 without any discussion (which seems a bit strange considering that they are developing active antenna requirements for the Base Station).
Table 1 is taken from [1] which was submitted to RAN1, and makes some calculations for the overall panel array size for the different number of antenna elements proposed for each frequency range.
Table 1: Aperture size and (El, Az) beamwidth as a function of the carrier frequency
	Carrier frequency
	Max # of TRP elements
	Wavelength (λ)
	(M, N, P) with
(dH, dV) = (0.5, 0.8)λ
Mg = Ng = 1
	Panel (or aperture) size
	(El, Az) 
Minimum beamwidth

	700 MHz
	64
	43 cm
	(8, 4, 2)
	(2.7m, 0.85m)
	~ (10°, 20°)

	4 GHz
	256
	7.5 cm
	(16, 8, 2)
	(96cm, 30cm)
	~ (5°, 10°)

	30 GHz
	256
	1 cm
	(16, 8, 2)
	(13cm, 4.0cm) 
	~ (5°, 10°)

	70 GHz
	1024
	0.43 cm
	(32, 16, 2)
	(11cm, 3.4cm)
	~ (3°, 5°)


NOTE: Whether to go from 256 to 1024 elements for 30GHz is still an open issue.

If we use the same panel array size that was used to assume 64 elements for 700MHz in Table 1, and the same method to generate the number of antenna elements, then we could in theory arrive at ~1990 antenna elements using the same assumptions to generate the number of elements for 4GHz, and ~112000 antenna elements for 30GHz, which are both much larger than the agreed 256 element limit for those bands. 
Being able to narrow the beam-width “in principle” should lead to better average and 5%-ile spectrum efficiency due to higher spatial reuse and reduced inter-cell interference, and potential Base Station energy savings due lower power needed to reach a given throughput. 
Some of the potential reasons for limiting to 256 elements are:
1) Assumption that this is what we need to meet 3xIMT-A performance that seems to match IMT-2020 requirements.
2) Assumption on the target deployment scenarios for Base Stations operating in particular frequency ranges, e.g. dense small cells for 30GHz.
3) The reduction in beam-width possibly not leading to a similar level of system-level performance gain.
4) Assumptions on cost and complexity for products, and whether this is an issue for now or for 2020 and beyond.
Observation 1: It is important for operators that the achievable performance of the Spectrum efficiency and Energy consumption KPIs can be maximised, and thus it is important for operators to understand the exact rationale for limiting the maximum number of Base Station Tx and Rx antenna elements to 256, to understand whether there could be an opportunity to increase the maximum number of antenna elements for NR either now or at which point in the future. 

2.2 Lack of rationale for number of max UE antenna elements
Here also RAN1 has essentially assumed the maximum number of antenna elements assumed by RAN plenary, and similarly RAN4 had no discussion on this (despite being responsible for developing OTA requirements for UEs). It is also unclear here why these numbers were selected especially for higher bands, and whether higher numbers could potentially be assumed for certain device types, especially in higher bands. More antennas in the device would enable higher spectrum efficiency.
Observation 2: More rationale is required on why the maximum numbers of UE Tx and Rx antenna elements have been chosen for the different frequency ranges, so that we can understand whether there is an opportunity to go to higher numbers of antennas either already now or at which point in the future.

3.	Proposal
The following is proposed:
1) Vodafone would like more information on the exact rationale on the maximum numbers of antenna elements selected for the Base Station and UE, with a view to understanding whether these limits can be increased for one or more of the frequency ranges.
2) Once the rationale is clear, if the maximum numbers of antenna elements are not deemed feasible to increase, then Vodafone would like it clearly agreed and documented as to why the current limit was selected, for future reference in case there is a change in the industry that removes this limitation.
3) If the maximum number of antenna elements is feasible and useful to increase, we would like that to be covered within the NR system design. 
NOTE: Proposal 3 does not necessarily mean that this would need to be reflected in system evaluation scenarios for the purposes of NR evaluation for ITU-R, and that would be a separate discussion to have.
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