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1. INTRODUCTION
Rel-18 proposes further enhancements to the MIMO feature [1]. The WID scope includes Objective 5 on SRI/TPMI enhancements to enable 8 Tx UL operation:

	5. Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices
· Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.



In this contribution, we discuss issues on enabling 8 Tx UL transmission, including codeword layer mapping, precoding codebook determination, and support of full-power modes.

2. DISCUSSIONS
UL-MIMO transmission modes supported up to Rel-17  
Higher carrier frequency bands such as FR2 enable deployments to deliver high throughput transmissions by using higher bandwidths. Devices operating in these bands can support a high number of antennas in a compact form factor due to the smaller minimum inter-antenna spacing required compared to FR1. These antenna elements are organized into antenna panels which can be placed at different locations on devices and facing different directions to provide maximum directional coverage. Precoding and beamforming enable a UE to target more than one TRP with satisfactory signal quality despite blockage and varying UE orientation. 
Up to Rel-17, maximum 4-layer MIMO transmission in UL has been supported in NR, where such an uplink transmission mode can be configured by a codebook-based UL or a non-codebook-based UL. The codebook-based UL transmission mode is operated based on indicating an SRI, a TPMI, and a DMRS-related indication. The SRI selects an SRS resource that may indicate a beam and PUSCH antenna ports to be used for a scheduled PUSCH transmission. The TPMI selects a precoder and a number of layers for the scheduled PUSCH. The DMRS-related indication by ‘Antenna ports’ field in a DCI selects DMRS port numbers corresponding to the indicated number of layers. The beam indication part may be replaced by Rel-17 unified TCI framework, e.g., by a joint TCI or a separate UL-TCI, if configured to the UE.
The non-codebook based UL transmission mode is operated based on indicating SRI(s) and a DMRS-related indication. The SRI(s) select a number of layers (matching to the number of indicated SRIs) as well as beam/precoder information based on the indicated SRI(s). The DMRS-related indication by ‘Antenna ports’ field in a DCI selects DMRS port numbers corresponding to the number of indicated SRI(s).
Rel-18 aims to study SRI/TPMI enhancement for enabling 8 TX UL transmission, where the enhancement is to support up to 4 or more layers per UE in UL targeting CPE/FWA/vehicle/industrial devices. 
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Codeword layer mapping for enabling 8 Tx UL 
Up to NR Rel-17, the layer mapping for downlink transmission may be based on a single or dual codeword transmission. However, for uplink transmission the codeword to layer mapping is only defined based on a single codeword transmission. To enable 8 Tx UL for UEs with many antennas, it should be discussed to use single or dual codeword based on considered scenarios, UE types, coherency types, and so forth. The coherency types may include “nonCoherent”, “partialAndNonCoherent”, and “fullyAndPartialAndNonCoherent” which can be reported by the UE as a part of UE capability. For example, for the case of “fullyAndPartialAndNonCoherent”, single codeword based UL up to 8 Tx can be applied. For the case of “nonCoherent”, dual codeword based UL may need to be considered especially for multi-panel UL transmission case supporting up to 8 Tx.

Observation 1: Up to Rel-17, the codeword to layer mapping for UL is based on a single codeword transmission, while that for DL is based on a single or dual codeword transmission. 

Proposal 1: For enabling 8 Tx UL for UEs with many antennas, it should be discussed to use single or dual codeword based on considered scenarios, UE types, coherency types, and so forth.

Precoding codebook determination and indication 
For a UE supporting up to 8 Tx, various kinds of antenna structures can be considered. For example, a cross polarized type of antennas with uniformly spaced horizontal and vertical antennas is applicable. Furthermore, uniform linear array type of antennas or even irregular type of antennas are not excluded in the scope of this study.
Based on the UE’s RF structure and its capability reporting, etc., the UE can support one or more codebooks for uplink precoding, supporting up to 8 Tx. To assist gNB configuring a preferred uplink codebook based on UE capability, a UE reporting on a supported type of antenna structure can be considered based on which factors are to be considered to define such a supported type of structure. For example, whether two-dimensional codebook based on Kronecker-type precoding is needed, how many panels the UE support and of which how many panels the UE can activate simultaneously, etc., can be considered as the factors to define the supported type.
As another possible capability reporting aspect, a UE can report its virtualization capability as how the combining over different or same polarization can be assumed. For example, when a UE is configured with Kronecker-based precoder codebook, gNB can configure the UE with an 8-port SRS resource, along with information about port virtualization based on the reported virtualization capacity. Hence, SRS configuration can be enhanced to include the virtualization information, to support enhanced codebook structure enabling up to 8 Tx UL.

Observation 2: For a UE supporting up to 8 Tx, various kinds of antenna structures can be considered, such as a cross polarized type of antennas with uniformly spaced horizontal and vertical antennas, uniform linear array type of antennas, and even irregular type of antennas, which are all not excluded in the scope of this study. 

Proposal 2: Consider UE to report its capabilities on a supported type of antenna/panel structure or virtualization capability across UE antenna ports such as SRS antenna ports, enabling up to 8 Tx UL.

Support of full-power modes 
In NR Rel-16, two modes of full power operation are introduced to support full power transmission for partially coherent and non-coherent UEs. In Mode 1, the procedure is relatively straight forward, where gNB only indicates TPMIs that have all non-zero elements. However, in Mode 2, according to the UE structure, UE reports the subset of precoders that can be used by gNB to support full power operation.
The supported full power modes have clear benefits in that the gNB can be ensured on UE’s behavior for UL transmission with its full power. For example, for a cell-edge UE, such a guaranteed UE behavior with its full power transmission improves UL performance and reliability. Considering the Rel-18 work scope for enabling up to 8-Tx UL transmission, it is desired to support and retain the full power transmission mode of operation to be also applicable for the new enhanced UL-MIMO transmission case.
For UEs with large number of antennas, their RF and antenna structures can be more complex and architecturally very different from one to another. Therefore, it needs to be considered for UE to indicate its capability information such as RF architecture related information, virtualization capability, and power rating capability, and so on. These information components can be reported per panel, per TRP, or per codeword/codebook. Then, based on the reported information, gNB can inform the UE of applying a non-equal power assignment across codewords or panels, which provides flexibility in achieving full-power transmission based on different UE capabilities.

Observation 3: Full-power modes supported in Rel-16 have clear benefits in that the gNB can be ensured on UE’s behavior for UL transmission with its full power, especially for cell-edge UEs. 

Proposal 3: Support to retain the full power transmission mode of operation with necessary enhancements to be also applicable for the new enhanced UL-MIMO transmission case supporting up to 8-Tx UL.

3. CONCLUSIONS
In this contribution, we discussed issues on enabling 8 Tx UL transmission, including codeword layer mapping, precoding codebook determination, and support of full-power modes. We make the following observations and proposals:

Observation 1: Up to Rel-17, the codeword to layer mapping for UL is based on a single codeword transmission, while that for DL is based on a single or dual codeword transmission. 

Observation 2: For a UE supporting up to 8 Tx, various kinds of antenna structures can be considered, such as a cross polarized type of antennas with uniformly spaced horizontal and vertical antennas, uniform linear array type of antennas, and even irregular type of antennas, which are all not excluded in the scope of this study. 

Observation 3: Full-power modes supported in Rel-16 have clear benefits in that the gNB can be ensured on UE’s behavior for UL transmission with its full power, especially for cell-edge UEs. 


Proposal 1: For enabling 8 Tx UL for UEs with many antennas, it should be discussed to use single or dual codeword based on considered scenarios, UE types, coherency types, and so forth.

Proposal 2: Consider UE to report its capabilities on a supported type of antenna/panel structure or virtualization capability across UE antenna ports such as SRS antenna ports, enabling up to 8 Tx UL.

Proposal 3: Support to retain the full power transmission mode of operation with necessary enhancements to be also applicable for the new enhanced UL-MIMO transmission case supporting up to 8-Tx UL.
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