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1. INTRODUCTION
In the recent Rel-19 workshop, companies shared and discussed their views on potential topics for the Rel-19 NR. Among the various discussed topics, several areas of enhancements for MIMO were also presented. Table 1 captures some of the main topics presented for Rel-19 MIMO Evolution [1]. As Table 1 demonstrates, there are diverging views between companies which demands further discussion and deliberation. In this contribution, we discuss and present our views on the scope and priorities for Rel-19 MIMO Evolution.

Table 1 – A Summary of main topics proposed for Rel-19 MIMO evolution
	
	Proposed Topic

	Beam Management
	UE initiated/assisted beam management
(UE-driven, automatic, predictive, etc.)

	
	Fast beam management for FR2 by FR1-assisted, considering SSB correlation, etc.

	
	Dynamic TCI indication for P/SP CSI-RS (SRS)

	
	Enhanced group-based beam report, e.g., (L1-SINR-based)

	
	Extension of Rel-18 Unified TCI framework with up to 4 TRPs/panels

	STxMP

	Rel-18 leftovers items
(PUCCH+PUSCH, PUSCH+PUSCH, SRS+SRS, etc.)

	
	Asymmetric number of ports per panel 

	
	Extension to 4 panel and >4 layers

	CSI

	Extension of CSI-RS ports to 64/128

	
	Dynamic antenna/panel selection for PUSCH

	
	DL interference measurement and reporting (new measurements, feedback)

	UL MIMO Scheme
	Frequency selective UL precoding 

	
	Support of rank>1 for DFT-s-OFDM in UL

	SRS

	Rel-18 leftovers: Power control, further randomization, dynamic configuration, etc.

	
	Report of SRS power imbalance

	
	Gap-less SRS

	M-TRP
	CJT: UE-assisted TRP calibration (synchronization errors)

	
	2TA: Support for S-DCI M-TRP, dynamic TRP switching, (asynchronous M-TRP)

	
	CJT: Extend Rel-18 Type-II CJT for high/medium-speed UE

	
	CJT: CSI overhead reduction by splitting slow and fast basis in Type II, CSI reporting compression, etc.

	
	CJR: UL-only TRP 

	
	CJT Asymmetric number of ports per TRP

	Channel study
	Near field channel model (LOS) for FR2 

	Cooperative MIMO
	UL/DL MIMO by UE power/BW/antenna aggregation




2. DISCUSSIONS
Progression of NR MIMO Enhancements
The scope of NR MIMO has been always a mix of enhancements for downlink and uplink features; however, their corresponding proportions have varied over time. In Rel-15 and -16, the focus of the NR MIMO was on developing a robust and versatile framework for downlink transmission and beam management, such as: Codebook Types I & II, CJT, BFR, beam indication/selection procedures, etc. However, from Rel-17 forward, uplink-oriented enhancements have started to get more traction, by inclusion of features such as PUCCH/PUSCH repetition, SRS capacity/interference enhancements, 8TX UEs, etc.
For Rel-19 NR MIMO, in our view, there are still further needs for uplink enhancements to further enhance coverage, reliability and performance in the system.

High Priority Items for NR MIMO Evolution
[Downlink] UTCI and CSI Enhancements for CJT
During Rel-18 NR MIMO, CJT operation was significantly enhanced for FR1 deployments. The CJT enhancements were introduced assuming the legacy TCI framework where multiple uplink and downlink beams can be operated and managed at the same time. Under the enhancements, up to 4 cooperating TRPs can be measured and employed for a CJT transmission. Furthermore, two different forms of enhanced Type-II codebooks can be configured where both are based on SD- and FD-based compression. While the introduced enhancements can result in a significant performance improvement for the downlink, it requires a relatively heavy CSI overhead. 

Observation 1: The introduced Rel-18 CJT enhancements can result in a significant performance improvement for downlink, however it requires a relatively heavy CSI overhead.

UTCI framework was introduced in Rel-17 to streamline beam operation and CSI measurement for single TRP operation by relying on use of a common beam for uplink/downlink channels and reference signals. In Rel-18, UTCI framework was extended to support multi-TRP operation with up to 2 TRPs. Given the introduced enhancements for CJT where up to 4 TRPs can be participating in a downlink transmission, there is a gap between the capability of the Rel-18 UTCI framework and Rel-18 CJT operation.

Observation 2: There is a gap between the capabilities of the Rel-18 UTCI framework and Rel-18 CJT operation.

Proposal 1: Enhance CJT operation by reducing CSI feedback overhead and extension of the UTCI framework to support 4 TRPs.
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Figure 1 – Rel-18 CJT operation

[bookmark: _Hlk143334460][Downlink/Uplink] Robust and low latency beam operation UE-driven Beam Procedure
BFR latency is considered as a critical factor in operation of NR which is considered as a beam-based system. In some use-cases, such as operation in FR2, high-mobility UEs, etc., where transmission/reception beams are more exposed to changes in the channel and transmission environment. To support a robust and low latency beam operation, a combine set of two enhancements can be considered. 
· First, since the current NR beam management procedure is a gNB-based procedure, all related measurements and reporting are initiated by the network that results in delay and excessive overhead. Therefore, even in case of deterioration of a configured beam and availability of better beams, a UE must wait for gNB instruction to update and switch its beam which the incurred delay may cause a beam-failure. Therefore, a better approach would be to let UE to initiate a beam switch and/or report procedure, when needed, i.e., UE/Event-driven. As such, the latency in beam update and measurement can be significantly reduced and at the same time its robustness is enhanced.

Observation 3: By allowing a UE to initiate a beam switch and/or report procedure, a highly robust beam operation with a low latency and overhead can be achieved. 
· A second angle of improvement, which can be also interpreted as a form of event-driven beam approach is to use a predictive beam switching where definition of an event in this case is based on entering a specific time window or geolocation. For example, as demonstrated in Figure 2, a high-speed UE can be configured with a series of beam information, then UE would assume a new beam configuration as every time it enters a new time reference or geo-location.
 
Observation 4: By allowing a UE to initiate a beam switch based on a preconfigured time or geo-location pattern, a highly robust beam operation with a low latency and overhead can be achieved. 
.
Proposal 2: Enhance robustness and latency of beam operation by supporting event-driven beam switch, where an event may be defined as a measurement condition at UE or entering a new time reference or geo-location.
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Figure 2 – Rel-18 CJT operation

[Uplink] STxMP Enhancements: 
[bookmark: _Hlk143838072]In Rel-18, STxMP operation is introduced, based on which a UE can transmit a single codeword simultaneously to up to two TRPs by using independent beams and precoding. As demonstrated in Figure 3, the transmission can be SFN- or SDM-based where up to two PUSCH layers are sent over different panels per TRP. According to the backhaul latency, can STxMP transmission can be based on S-DCI or M-DCI scheduling. Overall, the Rel-18 STxMP is a meaningful step forward in exploiting what a multi-panel UE can offer, however the restrictions of support of only single codeword and PUSCH+PUSCH transmission limit the utility of the feature.

Observation 5: Rel-18 STxMP is a meaningful step forward in exploiting what a multi-panel UE can offer, however the restrictions of support of only single codeword and PUSCH+PUSCH transmission limit the utility of the feature.
[bookmark: _Hlk143838989]Given the introduced STxMP capability in Rel-18, in our view, the next step should be to extend the STxMP operation to other channels and signals. For example, an SFN-based PUCCH+PUCCH transmission mode, can be very effective in further enhancement in reliability and coverage of the uplink control channel. On the other hand, SRS+SRS and PUSCH+PUCCH modes can significantly enhanced the flexibility and spectrum efficiency of the overall system. Further, in Rel-18, a new class of UEs that are equipped with 8 antennas was introduced. According to the enhancement, an 8TX UE has the capability of transmission of up to two codewords. Therefore, another potential enhancement for STxMP should be to extend its capability to support two codeword transmission.
 
Observation 6: By leveraging on Rel-18 STxMP and 8TX UE features, in Rel-19, STxMP can be further enhanced to improve flexibility, capacity and spectrum efficiency of the overall system.

Proposal 3: Enhance STxMP operation, by support of PUSCH+PUCCH, PUCCH+PUCCH, SRS+SRS transmission modes, and 2 CW transmission for PUSCH.



Figure 3 – Rel-18 CJT operation

[Uplink] High resolution UL Precoding
[bookmark: _Hlk143853983]Given the ever-increasing larger UL scheduling allocations, e.g., for eMBB, the UL performance can be further improved by employing frequency selective precoding. While sub-band precoding for downlink has been employed and continuously enhanced, uplink precoding has remained based on wideband CSI. High resolution precoding for UL has been discussed several times in the past, however it was not specified mainly due to two main reasons of marginal performance gain and implication on DCI overhead. The introduction of 8TX UE is an important step in enhancing UL coverage, throughput, and reliability, however at the same time due to a larger antenna aperture, it makes the case for frequency selective precoding stronger. Also, 

Observation 7: Frequency selective precoding was not specified mainly due to two main reasons of marginal performance gain and implication on DCI overhead, however due to a larger antenna aperture of emerging 8TX UEs, the case for frequency selective precoding becomes stronger.
For a Rel-18 8TX UE, there are more than one type of codebooks specified for uplink precoding. For a fully coherent 8TX UE, the codebook is defined based on Rel-15 DL Type-I codebook, while for a partially-coherent, the codebook is structured based on Rel-15 UL  2/4 TX codebooks. The new UL 8TX codebook has an enhanced spatial resolution, as it can be selected according to the UE antenna layout, however its operation is still restricted to wideband CSI. Therefore, given the introduced enhancements in spatial resolution by the 8TX codebook, the next step for an enhancement should be to introduce sufficient resolution for frequency-selective precoding based on the Rel-18 8TX codebook.

Observation 8: The new UL 8TX codebook has an enhanced spatial resolution, as it can be selected according to the UE antenna layout, however its operation is still restricted to wideband CSI.

Proposal 4: Enhance UL transmission by introducing frequency-selective precoding using the Rel-18 8TX codebook as the baseline.

Market Urgent Issues
Among many proposed topics for the Rel-19 MIMO, a few topics represent market urgent issues that are based on observations and reports from operations in the field. For this set of topics, we are generally supportive, however we think further discussion is needed to better clarify the scope.

[DL] Increasing CSI-RS ports
[bookmark: _Hlk143960748]Rel-18 NR supports up to 32 CSI-RS ports that essentially describes the overall dimension of support for beam and MIMO operation. To enable the emerging massive MIMO deployments, larger antenna arrays are being deployed to support a higher capacity and coverage by offering a larger spatial separation and diversity. However, the performance of system will be still limited unless the number of CSI-RS ports is increased. An increase in CSI-RS ports would require an extensive overhaul of the CSI process that may impact CSI-RS resource mapping, CSI feedback structure, codebook design, QCL, etc. For example, a direct extension of CSI-RS resources is possible by doubling the existing CSI-RS resources, however such solution may severely degrade the spectrum efficiency of the system as less resources will be available for data and control transmission. Further, while the downlink codebook is parametrized, and codebook can be scaled up to support a larger array, however some consideration may be needed to consider near-field transmission in some deployment scenarios. In addition, as the number of CSI-RS ports is increased some measured needs to be taken to reduce the associated CSI feedback.

Observation 9: An increase in CSI-RS ports would require an extensive overhaul of the CSI process that may impact CSI-RS resource mapping, CSI feedback structure, codebook design, QCL, etc.

[DL/UL] UE-assisted DL MIMO Calibration (m-TRP)
[bookmark: _Hlk143956926]CJT-based m-TRP transmission has been the framework for several enhancements, such as repetition-based PDSCH and PDCCH in Rel-16 and rel-17 respectively. Further, in Rel-18, the Type-II codebook was enhanced to support CJT transmission with up to 4 TRPs. Throughout all these enhancements, it has been always assumed that TRPs participating in a CJT transmission are perfectly synchronized in time and frequency. However, in realistic deployments, such assumptions do not hold true, and the resulting time, phase or frequency misalignments could degrade the performance by a degree that the expected gain of CJT may never be realized. Therefore, an efficient UE-based mechanism is required to assist gNB to calibrate its transmission per UE or per group of UEs. By relying on UE assistance, a gNB can perform the required calibration in several different ways; such as direct frequency or timing corrections of TRP(s), or compensation of the incurred impairment by applying a correction on the downlink precoders.

Observation 10: In realistic scenarios, such assumptions do not hold true, and certain UE-based mechanisms are required to assist gNB to calibrate its transmission per UE or per group of UEs.

[DL/UL] SRS Power Imbalance Reporting
By relying on channel reciprocity, SRS transmission is used to assist downlink CSI estimation for partially or fully reciprocal channels. SRS antenna switching is devised to provide an accurate downlink CSI estimation when the number of RX chains is larger than TX chains.  Given the increasing reception capability of UEs by adopting more antennas, in NR Rel-17, some additional xTyR configurations for SRS antenna switching were added, namely, 1T6R, 1T8R, 2T6R, 2T8R, 4T8R. To account for potential SRS power imbalance, for 4RX UEs, a relaxation ∆TRxSRS parameter for is considered in PCMAX_L, f, c. However, given the implementation issues for >4RX UEs. As demonstrated in Figure 4, the problem of SRS power imbalance for 8RX UEs is expected to only exacerbate. Since the degree of SRS power imbalances vary for UEs, therefore a gNB need to be aware of such impairments so that it could compensate when estimating CSI. 
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Figure 4 – CDF of user throughput with different power imbalance cases within a group

Observation 11: Since the degree of SRS power imbalances vary for UEs, a gNB need to be aware of such impairments so that it could compensate when estimating CSI.
 
Proposal 5: Further discuss and select at least one of market urgent issues after careful consideration of its urgency and workload,
· Increasing CSI-RS ports
· UE-assisted DL MIMO Calibration (m-TRP)
· SRS Power Imbalance Reporting


3. CONCLUSIONS
In this contribution, we shared and discussed our views on potential topics for Rel-19 MIMO. Based on presented discussions, following observations and proposals are made,

Observation 1: The introduced Rel-18 CJT enhancements can result in a significant performance improvement for downlink, however it requires a relatively heavy CSI overhead.

Observation 2: There is a gap between the capabilities of the Rel-18 UTCI framework and Rel-18 CJT operation.

Observation 3: By allowing a UE to initiate a beam switch and/or report procedure, a highly robust beam operation with a low latency and overhead can be achieved. 

Observation 4: By allowing a UE to initiate a beam switch based on a preconfigured time or geo-location pattern, a highly robust beam operation with a low latency and overhead can be achieved. 

Observation 5: Rel-18 STxMP is a meaningful step forward in exploiting what a multi-panel UE can offer, however the restrictions of support of only single codeword and PUSCH+PUSCH transmission limit the utility of the feature.
Observation 6: By leveraging on Rel-18 STxMP and 8TX UE features, in Rel-19, STxMP can be further enhanced to improve flexibility, capacity and spectrum efficiency of the overall system.

Observation 7: Frequency selective precoding was not specified mainly due to two main reasons of marginal performance gain and implication on DCI overhead, however due to a larger antenna aperture of emerging 8TX UEs, the case for frequency selective precoding becomes stronger.
Observation 8: The new UL 8TX codebook has an enhanced spatial resolution, as it can be selected according to the UE antenna layout, however its operation is still restricted to wideband CSI.

Observation 9: An increase in CSI-RS ports would require an extensive overhaul of the CSI process that may impact CSI-RS resource mapping, CSI feedback structure, codebook design, QCL, etc.

Observation 10: In realistic scenarios, such assumptions do not hold true, and certain UE-based mechanisms are required to assist gNB to calibrate its transmission per UE or per group of UEs.

Observation 11: Since the degree of SRS power imbalances vary for UEs, a gNB need to be aware of such impairments so that it could compensate when estimating CSI.

Proposal 1: Enhance CJT operation by reducing CSI feedback overhead and extension of the UTCI framework to support 4 TRPs.

Proposal 3: Enhance STxMP operation, by support of PUSCH+PUCCH, PUCCH+PUCCH, SRS+SRS transmission modes, and 2 CW transmission for PUSCH.

Proposal 2: Enhance robustness and latency of beam operation by supporting event-driven beam switch, where an event may be defined as a measurement condition at UE or entering a new time reference or geo-location.

Proposal 4: Enhance UL transmission by introducing frequency-selective precoding using the Rel-18 8TX codebook as the baseline.

Proposal 5: Further discuss and select at least one of market urgent issues after careful consideration of its urgency and workload,
· Increasing CSI-RS ports
· UE-assisted DL MIMO Calibration (m-TRP)
· SRS Power Imbalance Reporting
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