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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 RAN1#110 meeting, RAN1 made some agreements and further discussion points were outlined which are listed below [2]:

	8TX PUSCH is supported in Rel-18.

For 8TX PUSCH, at least support
· Ng=1, 2, 4
Note: The above does not restrict the Ng for the non-coherent case

For evaluation purpose of codebook alternatives when a precoder based on Rel-15 DL Type I is used, following oversampling ratios are assumed
· (O1, O2) = (1,1), (2,1), (2,2)
· Note: Other values may be used and reported by companies
· Note: When deciding the supported O1, O2 combination, the signalling overhead, performance, UE complexity, etc should be considered

RAN1 further studies Alt1b and Alt2a for down-selection of one of the two in RAN1 meeting #110b-e.
· Alt1-b:
· Study NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) as the starting point for design of the codebook for partially/non-coherent UEs
· Study NR Rel-15 DL Type I codebook as the starting point for design of the codebook for fully-coherent UEs
· Alt2-a:
· Study NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) as the starting point for design of codebook for fully/partially/non-coherent UEs
· Transmission using one or multiple precoders corresponding to one or multiple SRS resources can be studied as part of the above alternatives.

Support up to X layers for codebook and non-codebook UL transmission for 8TX UE where X=4, 8 is determined based on separate UE capability
· For uplink transmission with rank<=4, single CW is supported
· For uplink transmission with rank>4, whether single or dual CW is used will be decided in RAN1 meeting #110b-e
The above applies only with regards to the work scope of this agenda item.

For SRS configuration for non-codebook UL transmission for an 8TX UE, down-select from
· Alt1: A single SRS resource set configured with up to 8 single-port SRS resources
· Alt2: Up to two SRS resource sets, each configured with up to 4 single-port SRS resources
· Alt3: Support both alternatives. 

Study low overhead solutions for SRI and/or transmitter precoder matrix indication for codebook-based, and SRI indication for non-codebook-based UL transmission by an 8TX UE,
· FFS using single or separate (exiting or new) fields for the indication, other solutions are not precluded.
· Note: Low overhead schemes for study include those using Rel-15 SRI/TPMI indication mechanisms




The following topics are identified as high priority topics for discussion in this meeting [3]. In this contribution, we discuss issues on enabling 8 Tx UL transmission, including codeword layer mapping, precoding codebook determination, low-overhead approach on precoder design including antenna grouping, and support of full-power modes.

	High Priority Topics 
· Down-selection from Alt1b and Alt2 to identify the UL codebook design for 8TX UE by performing
· TP analysis according to the agreed evaluation assumptions
· Estimate of signaling overhead for rank and precoding indication
· EVM property of the beamformer
· Comparison between the performance of the single and the dual CW, and CW to layer mapping for 8TX UE.
Other Topics
· SRS configuration
· NCB-based operation; down-selection of identified alternatives 
· CB-based operation; identify alternatives and decision
· Identifying UE power Capability modes
· Solutions for low overhead SRI/PMI indication 




2. DISCUSSIONS
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 operates 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 8 layers per UE in UL targeting CPE/FWA/vehicle/industrial devices. 
[bookmark: _Hlk46150012]
Codeword layer mapping for enabling 8 Tx UL 
Up to NR Rel-17, the layer mapping function for downlink transmission can be based on a single or dual codeword transmission. However, for uplink transmission the codeword to layer mapping is only based on a single codeword transmission. To enable 8 Tx UL for UEs with many antennas, it should be discussed how/when 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 as part of UE capability. In the last meeting, it was agreed to support a single codeword transmission for the case of up to 4 layers for an 8 Tx UE. However, further discussion on the number of codewords is needed for the case with more than 4 layers. For example, for the case of “fullyAndPartialAndNonCoherent” and more than 4 layers, a single codeword can be applied. However, for the case of “nonCoherent” and more than 4 layers, a transmission based on dual codeword can be considered.

Observation 1: Up to Rel-17, the codeword to layer mapping for UL is based on a single codeword transmission, while for DL transmission it can be based on a single or dual codeword transmission. It is agreed to support a single codeword for the case of up to 4 layers for 8 Tx UL. 

Proposal 1: For the case of more than 4 layers for 8 Tx UL, RAN1 should discuss how/when to use single or dual codeword transmission, e.g., based on considered scenarios, UE types, coherency types, etc.

Precoding codebook type determination 
For a UE supporting up to 8 Tx, various kinds of antenna structures can be considered. In RAN1#110 meeting, it was agreed to consider Ng = 1, 2, or 4 antenna groups for codebook design, where each antenna group comprises coherent antennas, and antennas across groups can be non-coherent/coherent depending on device types. An example of an antenna group can be a UE-panel. Based on the UE’s RF structure a UE may have a specific antenna group structure that should be known and considered by gNB for TPMI/SRI indication. As shown in Figure 1, based on the number of antenna groups, different codebook structure and different TPMI/SRI can be considered. Therefore, to assist gNB configuring a codebook that matches UE RF structure, a UE reporting on a supported type of antenna structure should be considered. For example, the number of antenna groups, number of simultaneously activated panels, etc., should be considered for appropriately configuring a codebook for uplink transmission.

Observation 2: For a UE supporting up to 8 Tx, various kinds of antenna structures can be considered. 

Proposal 2: Consider UE to report its capabilities on the number of antenna groups, supported type of antenna/panel structure or virtualization capability across UE antenna ports, etc.






Figure 1 – UL precoding according to antenna grouping

Codebook Structure
In the last meeting, from the initial list of codebook alternatives, the following two alternative codebook structures were down-selected for further consideration:
· Alt1-b:
· Study NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) as the starting point for design of the codebook for partially/non-coherent UEs
· Study NR Rel-15 DL Type I codebook as the starting point for design of the codebook for fully-coherent UEs
· Alt2-a:
· Study NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) as the starting point for design of codebook for fully/partially/non-coherent UEs

[bookmark: _Hlk115275734]From our perspective, Alt2-a is a straightforward solution that requires a relatively low specification effort. Alt2-a can be easily adapted to a UE according to its antenna grouping structure. Another benefit of Alt2-a is that it provides a unified solution for all UE coherence capabilities. In our view, Alt1-b should be considered only if use of Rel-15 DL Type I codebook for fully coherent UEs leads to a significant gain in throughput.

Observation 3: Alt2-a is a straightforward solution that requires a relatively low specification effort. 

Proposal 3: Support Alt2-a (based on Rel-15 UL 2TX/4TX codebooks) as baseline, and consider Alt1-b only if use of Rel-15 DL Type 1 codebook for fully-coherent UEs leads to a significant gain in throughput 

If Alt1-b is to be supported, basis vectors other than the DFT vectors that are currently employed in Rel-15 DL Type I should be supported as well. For example, since the main use case of 8TX UEs are for FWA and CPE, basis vectors can be identified in a more optimum manner according to the deployed scenario. Furthermore, since for the cases of FWA and CPE, it is not expected that long term statistics of channel exhibit fast changes, the determination of the basis vectors can be done at a slower pace, resulting in a lower TPMI/SRI overhead. For example, basis vectors can be determined by transmission of multiple precoded SRS where each precoding is itself determined based on a DL RS measurement, e.g., a configured CSI-RS. Then, gNB can signal preferred basis vectors, through SRI indication.

Observation 4: Since the main use case of 8TX UEs are for FWA and CPE, basis vectors can be identified in a more optimum manner based on their deployed scenario.

Proposal 4: RAN1 studies determination of preferred basis vectors based on UE’s precoded SRS transmissions, where the gNB can signal preferred basis vectors, through SRI indication.

Low-overhead TPMI/SRI Indication 
UE capability reporting can include a certain combination of the number of antenna groups, the number of antennas per group, coherence capability, power capability, virtualization capability, and so forth. Then, a UE can receive a semi-static or dynamic configuration according to the indicated information to the gNB for an uplink transmission.
For example, as shown in Figure 1, a UE can be indicated with parameters corresponding to more than one antenna group for an uplink transmission, where each parameter set per group can include TPMI, transmission rank, SRI, etc. In another approach, the UE can be indicated with one parameter set corresponding to one group and the UE can use a second parameter set for a second group, where the second parameter set is pre-associated with the indicated parameter set. For example, the UE can be indicated with one rank, TPMI, and/or SRI which applies to a first antenna group. Then, the UE can identify a second rank, TPMI, and/or SRI for a second antenna group as a function of the indicated parameter set for the first antenna group, which can significantly reduce signaling overhead in a UL scheduling DCI. Details on how to associate between the first parameter set and the second parameter set should be further discussed, e.g., via a MAC-CE signaling. 
As another way of achieving the low-overhead SRI/TPMI indication, RAN1 can consider having a rank-related indication, entirely or partially, be separated from the TPMI field. The entire separation means the rank indication can be via a MAC-CE or from other DCI that can be transmitted less frequently than the UL scheduling DCI. The partial separation means an applicable value range of the number of layers can be separately controlled or indicated, and based on that, the TPMI field codepoints can be generated only to have the valid codepoints according to the applicable value range of the number of layers.

[bookmark: _Hlk110878732]Another benefit of using per group TPMI/SRI indication is the possibility of partial TMPI/SRI update. Since the main use case of 8TX UEs would be in scenarios where channel has a very slow variation over time, it would be possible to have partial update of TPMI/SRI information. For example, by receiving a scheduling DCI only TPMI/SRI of one of the antenna groups would be updated, and the other antenna group would continue to use the most recently indicated SRI/TPMI. Therefore, the legacy DCI may be re-used with minimum or no enhancement.

Observation 5: Since the main use case of 8TX UEs would be in scenarios with slow varying channels, it would be possible to have partial update of TPMI/SRI information, and hence the legacy DCI may be re-used with minimum or no enhancement.

Proposal 5: To reduce signaling overhead associated to SRI/TPMI indication for a 8TX UE, RAN1 studies partial update of TPMI/SRI information for 8TX UE.


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 behaviour for UL transmission with its full power. For example, for a cell-edge UE, such a guaranteed UE behaviour 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 6: Full-power modes supported in Rel-16 have clear benefits in that the gNB can be ensured on UE’s behaviour for UL transmission with its full power, especially for cell-edge UEs. 

Proposal 6: 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, low-overhead approach on precoder design including antenna grouping, 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 for DL transmission it can be based on a single or dual codeword transmission. It is agreed to support a single codeword for the case of up to 4 layers for 8 Tx UL. 

Observation 2: For a UE supporting up to 8 Tx, various kinds of antenna structures can be considered. 

Observation 3: Alt2-a is a straightforward solution that requires a relatively low specification effort. 

Observation 4: Since the main use case of 8TX UEs are for FWA and CPE, basis vectors can be identified in a more optimum manner based on their deployed scenario.

Observation 5: Since the main use case of 8TX UEs would be in scenarios with slow varying channels, it would be possible to have partial update of TPMI/SRI information, and hence the legacy DCI may be re-used with minimum or no enhancement.

Observation 6: Full-power modes supported in Rel-16 have clear benefits in that the gNB can be ensured on UE’s behaviour for UL transmission with its full power, especially for cell-edge UEs. 

Proposal 1: For the case of more than 4 layers for 8 Tx UL, RAN1 should discuss how/when to use single or dual codeword transmission, e.g., based on considered scenarios, UE types, coherency types, etc.

Proposal 2: Consider UE to report its capabilities on the number of antenna groups, supported type of antenna/panel structure or virtualization capability across UE antenna ports, etc.

Proposal 3: Support Alt2-a (based on Rel-15 UL 2TX/4TX codebooks) as baseline, and consider Alt1-b only if use of Rel-15 DL Type 1 codebook for fully-coherent UEs leads to a significant gain in throughput 

Proposal 4: RAN1 studies determination of preferred basis vectors based on UE’s precoded SRS transmissions, where the gNB can signal preferred basis vectors, through SRI indication.

Proposal 5: To reduce signaling overhead associated to SRI/TPMI indication for a 8TX UE, RAN1 studies partial update of TPMI/SRI information for 8TX UE.

Proposal 6: 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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