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1 Introduction
During the latest RAN Release 19 workshop, MIMO Evolution was supported by many IMs under various potential topics and was noted in the officially endorsed summary by the RAN chair [1] as one of the topics that drew substantial interest from participating companies. Below, the summary of the discussion towards MIMO evolution as recorded in chairman’s report:
· Strong desire to continue Multiple Input Multiple Output (MIMO) evolution in Rel-19
· Possible areas for evolution are rather wide
· For both FR1 and FR2
· Important to focus on a limited set of topics for MIMO evolution targeting real and urgent commercial needs in Rel-19
· Especially considering MIMO has been evolving contiguously since Rel-15 and was the largest project in Rel-18!

[bookmark: OLE_LINK12]It is observed that a fresh spectrum in FR1 namely 6425-7025 MHz (upper 6GHz) is being considered for potential IMT identification in many parts of the globe at the upcoming World Radiocommunication Conference WRC23. With the availability of this new frequency range for NR advanced deployment in waiting, it becomes crucial to address the optimal MIMO evolution in Release 19 for ensuring cost friendly yet effective coverage in this upper mid-band spectrum is ensured in future deployments.
With above observation we investigate the technical aspects of beamforming which need to be addressed for optimum coverage in 6425-7025 MHz frequency range.
2 Discussion
2.1 Hybrid beamforming for upper FR1 spectrum
The evolution of 5G NR specifications under the 3rd Generation Partnership Project (3GPP) has ushered in remarkable improvements in wireless communication technology. One of the key innovations revolves around antenna arrays, particularly in the upper-6 GHz frequency range. These larger antenna arrays have emerged as a game-changer, promising enhanced coverage and an improved user experience.
The FR1 frequencies were initially defined to be limited to sub-6GHz (referred to as low and mid-band) mainly owing to the wireless channel characteristics which allowed superior signal propagation compared to frequency spectrum above 6 GHz (some times referred to as upper mid-band). 
Later FR1 range was later extended to 7.125 GHz frequency. As the signal propagation above 6GHz becomes challenging, use of beamforming becomes an essential requirement to ensure better coverage in this extended FR1 spectrum. However, employing purely digital beamforming for AAUs in upper FR1 range might become very challenging given the increase in number of antenna elements and hence number of RF chains for which baseband Rx processing would be required. As a solution to this problem hybrid beamforming offers to minimize the number of RF chains, which will reduce energy consumption and design complexity, making it more generally cost-effective. This is the solution used in mmwave bands (FR2 bands).


Hybrid Beamforming strikes an optimal balance between cost-effectiveness and performance. This technique, employed in both upper-6 GHz(FR1) and higher frequency millimeter-wave (FR2) scenarios, allows for the utilization of a fixed number of Transmit/Receive Units (TRx) while increasing the size of the antenna array. This innovation supports Massive MIMO transmission, even with configurations like 64TRx and beyond, significantly enhancing capacity and coverage.
However, there are key difference between the implementation of hybrid beamforming techniques in two different frequency ranges: Upper-6 GHz (Sub-7 Gigahertz) and FR2 (Frequency Range 2).
Beamforming is a crucial technology in 5G NR, as it enables the focusing of radio signals in specific directions, improving both coverage and capacity. Hybrid beamforming combines digital and analog beamforming to steer signals efficiently.
· FR1 Hybrid Beamforming: In the FR1 frequency range, hybrid beamforming requires the use of more Transmit/Receive Units (TXRUs) and employs wider analog beamwidths. TXRUs refer to the radio components that handle the transmission and reception of signals. Wider analog beamwidths mean that the beamforming process covers a larger angular range.
· FR2 Hybrid Beamforming: In contrast, hybrid beamforming in the higher FR2 frequencies differs. It typically uses fewer TXRUs and narrower analog beamwidths. This is because the propagation characteristics at mmWave frequencies are significantly different from those in the upper-6 GHz range. Millimeter-wave signals have shorter wavelengths, and they are more susceptible to attenuation and blockage, requiring different beamforming strategies.
The reason for this difference is primarily due to the distinct propagation characteristics and challenges associated with the two frequency ranges. Upper-6 GHz hybrid beamforming opts for a more extensive use of TXRUs and wider beams to optimize signal coverage and performance, whereas FR2 hybrid beamforming focuses on overcoming the unique challenges posed by millimeter-wave frequencies, which involve using fewer TXRUs and narrower beams to address signal propagation issues effectively.
In the context of Hybrid Beamforming (HBF) within the upper-6 GHz spectrum, several critical challenges come to the forefront, necessitating attention in the R19 standardization. These challenges revolve around addressing two core issues. 
· Firstly, there's the matter of mitigating the overhead associated with Channel State Information Reference Signals (CSI-RS) and the latency incurred during CSI measurement. 
· Secondly, there's a pressing need to streamline the CSI feedback overhead.
To tackle these challenges, the potential solutions in R19 entail support for 
· the reduction of CSI-RS overhead and 
· the implementation of CSI compression for multi-beam reporting within the framework of Hybrid Beamforming. 
The concept of CSI compression involves the collaborative compression of CSI data for multi-beam CSI feedback, effectively condensing common elements of CSI across various beams. Additionally, to alleviate the burden of CSI-RS overhead, CSI-RS is leveraged for analog antenna port measurements, supplanting the conventional beam-sweeped channel measurements. This innovative approach not only reduces the overhead but also minimizes latency. 
Furthermore, in this context, the UE (User Equipment) is empowered to calculate the channel of any arbitrary beam using network-configured beam weights, ensuring efficient and precise channel measurements for analog antenna ports within an RF chain. These advancements mark significant strides in optimizing the performance and efficiency of Hybrid Beamforming techniques in the upper-6 GHz spectrum, addressing critical concerns in the evolving landscape of wireless communications.
3 Conclusions
The advantages of Hybrid Beamforming extend to cost and power efficiency, making it a more friendly option in terms of network infrastructure expenditure and power consumption. Furthermore, when combined with multi-beam reporting, Hybrid Beamforming becomes a compelling choice for Upper 6 GHz Massive MIMO setups. This combination strikes an admirable trade-off between cost and spectrum efficiency, ensuring that 5G NR networks deliver robust connectivity and performance while remaining economically viable.
Proposal:
The MIMO evolution studies under Release 19 should actively evaluate ways and methods for CSI-RS overhead reduction and CSI compression towards multi-beam reporting for Hybrid beamforming in FR1.
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