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1. Introduction

There was considerable discussion on the evolution of MIMO in the recently held Release (Rel) 18 Workshop and the subsequent e-mail discussions. The outcome of these discussions has been summarised as an input to the RAN 94 e-meeting. This is stated below:
Study, and if justified, specify CSI enhancement, and possibly CSI-RS enhancement in high/medium velocities for exploiting time-domain correlation/Doppler-domain information to assist codebook-based CSI acquisition mechanisms for DL precoding:
− Specify extension of Rel-17 Unified TCI framework, e.g., 

○ for indication of multiple DL and UL TCI states (e.g., M>1 and/or N>1, and inter-band) for multi-TRP and/or single-TRP schemes

 − Specify larger number of orthogonal DMRS ports 

− Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT for both FDD and TDD targeting FR1 − Study, and if justified, specify overhead and/or Latency reduction for UE-initiated beam management/beam acquisition procedures

 − Study, and if justified, specify [at least] UL DMRS, SRS to enable 6 and 8 Tx UL operation to support more than 4 layers per UE in UL targeting CPE/ FWA/vehicle/Industrial devices

 − Study, and if needed, specify features to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability

 − Study, and if justified, specify panel-specific timing/power control for UL multi-TRP/panel scenario

 − Study, and if justified, specify frequency-selective precoding targeting devices with >=4 Tx − Study, and if justified, specify 2 CW for >=2layers in uplink.

 Whilst the above objectives would almost certainly result in capacity improvement, a key area is not considered. This is described in the section below. 
2. Commentary

The capacity of MIMO is limited by the channel rank quoted as an effective measure at the PDCP layer, which is in turn dependent upon the multipath conditions. 
Spark New Zealand has been doing field trials [1] to measure the channel rank in FR1 bands in downtown Auckland, New Zealand. Overall, we have observed that it is possible to obtain a rank of 8 at the PDCP layer in the FR1 bands (although that was the maximum number of streams the base station can transmit) with a 2% probability over a drive test of >5 kms. The majority of the time (92%), rank was observed to be 4 or less and > 50% of the time the rank was 2 or less. To increase the likelihood of achieving a rank greater than 4 or even between 2- 4, multiple sub-arrays could be deployed. 
It is well known from Information Theory [2] that increasing the channel rank provides a linear increase in capacity (at least at high SNR). One way to increase the rank is to have distributed (massive) MIMO operation, i.e., where there are multiple distributed sub-arrays, all communicating with a centralized processing point. If the sub-arrays are distributed far enough apart, each sub-array will /may encounter independent multipath conditions – and therefore, can be leveraged while performing sub-array specific beamforming to the user equipment. Since a user equipment will receive signals from multiple directions, the composite MIMO channel rank will be increased proportionally to the number of independent paths illuminated by the distributed sub-arrays.  Nonetheless, there will be a practical limit to the rank dependency with sub-array numbers, which is a key aspect for investigation.  On the other hand, since the distributed sub-arrays will be disjoint (from one another), an aggregate rank increase implies phase-coherent downlink transmission, which needs to be utilized. Here, a couple of special challenges will arise for distributed sub-array systems, which are different to a co-located MIMO deployment. These are: (1) Reciprocity calibration (calibrating each sub-array’s transmit and receive RF chain frequency response both in the uplink and downlink) and (2) Management of synchronization across the sub-arrays (due to the use of multiple independent local oscillator generation networks driving each sub-array’s frequency and phase reference). These critical issues will need to be considered for striking the right balance between the total number of deployed sub-arrays for rank enhancements, and the level of accuracy required for both reciprocity calibration and synchronization in order to realize the desired rank benefits. 
While the issue of synchronizing multiple independent oscillator networks is not present for co-located MIMO base stations, it is to be noted that reciprocity calibration has been extensively studied for co-located MIMO. However, due to the distributed sub-arrays, the distance difference between the individual sub-arrays and users will present an additional challenge which should be investigated. 
It is to be noted that at FR1 bands UE support a rank > 4 will require more antennas and this may not be feasible at FR1. But sub arrays could result in a higher occurrence of ranks between 2-4.

All of these deserve much more attention to detail, and thus we believe that distributed MIMO operation in the FR 1 bands should be included in a study item where its gains under practically relevant scenarios can be examined 
3. Additional Objectives
Investigate and study the increase in capacity by using distributed sub arrays as compared to co-located base station array given the above discussion.
4. Conclusion
This contribution has provided an additional WI for the MIMO evolution.
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