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[bookmark: _Toc116995841]Introduction
This document discusses some of the aspects regarding channel modelling for the definition of demodulation performance requirements for 3GPP features enhancing Multiple-Input Multiple-Output (MIMO) system performance, such as the requirements which are due to be introduced for 8Rx MIMO demodulation, which is summarised in the “NR_ENDC_RF_FR1_enh2” WID [1].
The requirements defined thus far for PDSCH are based upon the Tapped Delay Line (TDL) channel model. Some discussion occurred on the need for requirements based on a spatial channel model in RAN4#106-bis [4], but ultimately no requirements in a channel model using explicitly-defined spatial components were agreed in this Rel-18 work item.
The definition of requirements for 8Rx MIMO demodulation is a specific example where the discrepancy between current TDL-based modelling and measured sample field performance is particularly pronounced, as will be detailed later. This highlights a need for RAN4 to determine how requirements can be defined using a channel model capable of demonstrating the real-world gains of 3GPP enhancements to SU- and MU-MIMO, as well as other spatially dependent features in the future (e.g., potential future beam-based coverage enhancement). 
Specifically, the features introduced with 8Rx, and in particular the 2 codeword case, which occurs when the rank is greater than 4, are not exercised in the chosen TDL channel, where no variable per-layer and in turn per-codeword performance is observed. 
In this contribution, the case for spatial channel model based requirements is introduced for information to aid discussions on the topic of spatial channel modelling for features which utilise aspects of the spatial channel.
Some further discussions, measurements, and simulations from both BT and Nokia can be found in [2].
Discussion
Motivation of spatial channel model based requirements
The existing method for channel modelling using the TDL approach is commonly recognised in RAN1 and in Rel-15 RAN4 discussions [3] as having significant limitations in MIMO use cases. This may be attributed to the fact that TDL channels on their own are spatially agnostic, i.e., any direction to transmit signals through the channel is as good as any other. Hence, the UE is not required to show that it can demodulate information across different MIMO layers of differing quality, which is contrary to the needs observed in a real deployment scenario [3].
Furthermore, spatially separating multiple users via MIMO receivers or MU precoding codebooks is only possible if the UEs’ channels are spatially separable. As a result, neither the Rel-16 NR_eMIMO WI [4] nor the Rel-17 NR_feMIMO WI [5][6] were able to find a TDL based test setup suitable for the MU use case for which the newly introduced codebooks are designed.
Even if the UE conforms to the current minimum performance requirements, this does not guarantee that in the field the UE will make a reasonably efficient use of MIMO features specified since R15, e.g., providing appropriate channel state information to the network such that the network can make optimal use of the available MIMO layers. This could lead to suboptimal performance of mobile network operators’ (MNOs) networks, or lead to sub-optimal investment in an operator’s network to optimise capacity performance. 
MNOs have invested heavily in roll-out of 5G NR MIMO systems with enhancements specified since R15. They currently are unable to ensure a minimum performance of new 3GPP-specified functionality. If MNOs are unable to ensure minimum performance, it reduces confidence in investment into roll-out of 3GPP technologies. MIMO feature performance requirements need to be set under adequate test conditions that mimic MIMO effects observed in deployment as much as possible. The currently-used TDL channels do not exhibit these effects nor match the expected statistics of a measured channel.
[bookmark: _Toc158045286]MNOs invest heavily in 5G NR MIMO systems, whilst performance requirements for MIMO features do not provide confidence in a universal minimum real-world performance.
As such it is very important to add a spatial component to the channel model for RAN4 requirements, and RAN4 should in Rel-19 identify the most appropriate way to add such spatial differentiation. The same arguments apply for both uplink and downlink, including massive MIMO deployments. Therefore, a generic channel model with spatial differentiation can be helpful to emulate realistic network conditions and performance in conformance requirements.
[bookmark: _Toc158045287]RAN4 to identify the most appropriate method to introduce spatial channel modelling to support MIMO performance requirements.
In [2] BT and Nokia have provided an overview of how the CDL model may be explicitly used to provide this spatial differentiation.
[bookmark: _Toc116995848]Conclusion
This contribution provides our views on general items relating to channel modelling for MIMO requirements (specifically in this case 8Rx, but also more generally for both SU- and MU-MIMO). Our observations and proposals are as follows: 
Observation 1: MNOs invest heavily in 5G NR MIMO systems, whilst performance requirements for MIMO features do not provide confidence in a universal minimum real-world performance.
Proposal 1: RAN4 to identify the most appropriate method to introduce spatial channel modelling to support MIMO performance requirements.

References 
[1] RP-221496 “Revised WID Further RF requirements enhancement for NR and EN-DC in frequency range 1 (FR1)”
[2] [bookmark: _Ref157083312]R4-2402277, “Discussion on 8Rx general demodulation aspects and spatial channel models”, Nokia, Nokia Shanghai Bell, BT, RAN WG4 #110, Athens, Feb, 2024.
[3] [bookmark: _Ref157757020]R4-1811316, “On the selection of Option 1 vs. Option 2 for channel model definition”, Keysight Technologies, RAN wG4 #88, Gothenburg, Aug 2018
[4] [bookmark: _Ref157757064]R4-2017678, “Way Forward on PMI Reporting Requirement for NR eMIMO”, Ericsson, Samsung, RAN WG4 # 97-e, Nov, 2020
[5] [bookmark: _Ref157757084]R4-2214397, “Way Forward on UE demodulation and CSI requirements for NR eMIMO”, Samsung, RAN WG4 #104-e, Aug 2022
[6] [bookmark: _Ref157757087]R4-2210669, “WF on CSI requirement for Rel-17 FeMIMO”, Samsung, RAN WG4 #103-e, May 2022
[7] [bookmark: _Ref156404517]A. Tukmanov, J. Weng and R. Husbands, "Polarization and Correlation in MIMO Channels," WSA & SCC 2023; 26th International ITG Workshop on Smart Antennas and 13th Conference on Systems, Communications, and Coding, Braunschweig, Germany, 2023.
[8] [bookmark: _Ref157688324]R4-2304097 “PDSCH Requirements for 8Rx UE performance”, RAN4 #106-bis-e, Electronic Meeting, April, 2023.


