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1. Introduction
The earlier NR MIMO design in Rel-15/Rel-16/Rel-17 mainly targets traditional handheld mobile devices that are sensitive to complexity and power assumption. The UL performance of NR is now lagging behind DL, including both capacity and coverage. As NR is being extended to a much diverse host of application scenarios with more sophisticated mobile terminals, it is desirable to bring UL performance on par with DL for a more balanced user experience, especially considering emerging application with UL-heavy traffic (e.g. real-time video surveillance in industrial/healthcare/safety applications, vehicular application, AR/VR, consumer electronics, mobile relays, IAB nodes, etc.).
In the preparing email discussion for RAN #93-e meeting, the following skeleton of the possible objectives for UL enhancements were provided:

· Study and if necessary specify >4 Tx UL operation, e.g., for CPE/FWA/vehicle/Industrial devices [leading WG: RAN1]

· Specify enhanced multi-panel uplink operation and/or enhanced multi-TRP uplink operation, potentially including fast UL panel selection, separate UL timings/power controls for different panel/TRP and/or simultaneous multi-panel UL transmission [leading WG; RAN1]

· Study and if necessary specify frequency-selective precoding, mainly targeting devices with >=4 Tx [leading WG: RAN1]

· Specify further coverage enhancements including PRACH enhancement for FR2 e.g., PRACH repetition with same or different beams [leading WG: RAN1]

· Study and if necessary specify power domain enhancements e.g., dynamic power aggregation [leading WG: RAN4 or RAN1]

· Potentially specify other UL enhancements e.g., enhancement for multi-carrier UL operation, enhancements for DFTS-OFDM, enhancement for UL CW mapping [leading WG: RAN1].

In this contribution, we provide our views on >4Tx operation, enhanced multi-panel/multi-TRP uplink operation, frequency-selective precoding and other potential UL enhancements.  
2. Enhancement areas
2.1. >4Tx operation
NR supports a maximum of 4 layers in the UL and 8 layers in the DL, hence there is a 50% gap between DL/UL throughput. It is desirable to bring UL peak data rate on par with DL to allow a balanced spectrum usage and user experience. Higher peak data rate for UL could play a significant role in short-range applications such as home entertainment, video surveillance/monitoring in industrial/healthcare/safety, IAB, and other applications where devices power/form-factor/cost are not as stringent as in traditional handheld devices. 
Since the number of Tx antennas of handheld devices are limited to form factors, complexity and power consumption, the target devices for >4Tx operation can be CPE/FWA/IAB/vehicle/RSU/Industrial devices.

For the devices supporting more than 4 Tx antennas, up to 8 UL layers SU-MIMO can be considered to bridge the gap between DL and UL spectral efficiency, in both FR1 and FR2. Both codebook and non-codebook based PUSCH can be extend to up to 8 UL layers, and the extension of SRS, DMRS, codebook, and codeword to layer mapping, as well as the enhancements for control signaling are necessary. For the extension of SRS, up to 8 SRS ports would be used to determine the precoding of PUSCH. To extend UL DMRS to 8 ports, DL 8-port DMRS design may be used as starting point. For the UL codebook for up to 8 layers, different codebooks for full-coherent, partial-coherent and non-coherent UEs shall be designed. In order to adapt the MCS for multiple layers to the imbalanced channel conditions/received powers of the layers, more than one codewords are needed for multiple layers. Enhancements of SRS switching for up to 8 Tx also can be considered to improve the performance of DL CSI acquisition and to reduce the overhead of SRS. 
During the preparing email discussion, some companies pointed that RAN4 requirement on 4Tx UL is still missing and necessary work should be included in the objective for >4Tx operation. In our opinion, it is a separate issue and RAN4’s work on RF requirements is always later than RAN1, we’d better not to involve it in the objective for >4Tx in Rel-18. 
Proposal 1: 
Consider the following objectives for >4Tx operation：
· Evaluate and, if needed, specify higher-order UL MIMO to 8 layers for both codebook and non-codebook based PUSCH in FR1 and FR2, including enhancements for SRS, DMRS, codebook, codeword to layer mapping and control signaling;
· Specify enhancements for SRS switching with up to 8 Tx antennas;
· Target devices for >4Tx operation can be CPE/FWA/IAB/vehicle/RSU/Industrial devices.
2.2. Enhanced multi-panel/multi-TRP uplink operation 

Analog beamforming is a hallmark feature for FR2 mmWave band to achieve robust coverage, link reliability and throughput. Assuming each antenna panel formulates a single analog beam that covers a narrow angular spread, multi-panel transmission is often considered mandatory in FR2 in order to achieve cell-wide coverage. 
In FR2, current NR UL assumes single-panel transmission, e.g., UL data is always transmitted from a single activated panel at any given time. The other panels may be completely turned OFF, or turned ON but never used simultaneously for data transmission at the specific moment. In both cases, panel-selection is performed by UE/NW, based on UL (when reciprocity doesn’t hold) or DL measurement (when reciprocity holds). Simultaneous multiple-panel transmission for uplink will naturally lead to better diversity and spatial multiplexing gain, both of which are inherent for improved uplink throughput, coverage, and reduced beam blockage. 

Enhancements for simultaneous multi-panel transmission involve enhancements for single TRP scenarios and multi-TRP scenarios. For single TRP scenarios, potential enhancements include panel-specific beamforming, panel-specific power control, codebooks for simultaneous multi-panel transmission, higher-order UL MIMO and SRS. For multi-TRP scenarios, in addition to the potential enhancements that are listed for single TRP scenarios, PUSCH/PUCCH transmission schemes that allow simultaneous transmission from multiple panels towards multiple TRPs also can be considered. It is important to note that for simultaneous multi-panel transmission, the maximum power of UL transmission increases linearly with the number of panels, directly translating to improved UL coverage essential for mmWave band.
The design of unified TCI framework in Rel-17 assumes single-panel UL transmission. If multi-panel UL transmission is supported in Rel-18, extend unified TCI to multiple UL panels is expected to be supported in Rel-18 to facilitate more efficient UL beam management. If unified TCI for multi-TRP is not supported in Rel-17, unified TCI for multi-TRP also can be enhanced in Rel-18.
For NR system, UL panel selection has been discussed for two releases and there is still no complete solution yet. If RAN1 cannot finish the work in Rel-17, it can be continued in Rel-18. The main controversial issue for panel selection in Rel-16 and Rel-17 is panel identification/indication. As multi-panel joint transmission is related to panel-specific beamforming and panel-specific power control, the work for panel selection would be easier based on the solutions for multi-panel joint transmission. 
Since the enhancements for multi-panel/multi-TRP uplink operation may involve RRC/MAC-CE signaling and power domain enhancements, RAN2 and RAN4 are expected to be included as secondary WGs. 
Proposal 2:
Consider the following objectives for multi-panel/multi-TRP uplink operation:
· Identify and specify enhancements for multi-panel joint transmission for single TRP scenarios and multi-TRP scenarios in FR2;
· Specify enhancements for unified TCI framework, at least for UL multi-panel transmission;
· The secondary WGs include RAN2 and RAN4.
2.3. Frequency-selective precoding 

Compared to LTE, NR UL bandwidth is substantially wider (e.g. 100MHz in FR1 and 400MHz in FR2) and a single wideband precoder cannot sufficiently exploit the channel frequency-selectivity. We support to include UL frequency-selective precoding in the objective for UL enhancements in Rel-18 to fully exploit the adaptive link adaptation gain. The target frequency ranges shall include both FR1 and FR2. 

Relevant scenarios include near stationary applications (e.g. home entertainment, indoor office, shopping center) where channel is stable within a relatively long period of time to facilitate closed-loop link adaptation. For lightly-loaded cells where a small number of users are present (e.g. home entertainment), each user may occupy the entire system bandwidth, frequency-selective precoding allows higher modulation/code order for better spectral efficiency. For densely loaded cells (e.g. indoor office), frequency-selective precoding allows more accurate FDM and efficient spectrum utilization. 
Note that implementation-based UL frequency-selective precoding has been brought up before in 3GPP (e.g. precoded SRS). In our view, although implementation based scheme might partially attain frequency-selection precoding gain, their feasibility is limited to a certain set of scenarios (e.g. TDD, or FDD with very good channel reciprocity) and cannot be generalized to all spectrum and use cases. Implementation-based method also mandates specific UE designs that both impose UE burden and lack further extendibility. It is suggested to study the performance difference between implementation-based and standardized solutions to identify the performance gap, potential technical solutions and possible standard impact. 
Our SLS results showed significant performance gain of UL frequency-selective precoding over wideband precoding for 4Tx in a system with bandwidth of 100MHz on a carrier frequency of 4GHz in Urban Macro scenarios with 200m inter-site distance [1]. UL frequency-selective precoding should include at least devices with >= 4Tx. 

Proposal 3: 
Consider the following objective for UL frequency-selective precoding:

· Evaluate and, if needed, specify enhancement for UL frequency-selective precoding, targeting at least devices with >=4 Tx in both FR1 and FR2. 
2.4. Other potential UL enhancements 
Current NR system supports only one codeword for UL transmission, e.g. different UL layers is always transmitted with same MCS.  In the real field, the channel condition for two layers can be different and imbalanced received power has been observed for the two layers. However, MCS has to be selected according to the layer with lower SINR. The performance is then limited by the lower SINR. Two codewords for multiple UL layers allows separate MCS adaptation to the channel condition for different codewords and independent retransmission for different codewords, which are inherent for improved uplink throughput. 
Proposal 4: 
Specify enhancements for UL CW mapping, targeting 2 codewords for >= 2 UL layers.
3. Summary
This contribution presented our views on UL enhancements for Rel-18. From our perspectives the following are high-priority/high-impact items based on tradeoff between market urgency, system benefits and work feasibility. 
Proposal 1: 
Consider the following objectives for >4Tx operation：
· Evaluate and, if needed, specify higher-order UL MIMO to 8 layers for both codebook and non-codebook based PUSCH in FR1 and FR2, including enhancements for SRS, DMRS, codebook, codeword to layer mapping and control signaling;
· Specify enhancements for SRS switching with up to 8 Tx antennas;
· Target devices for >4Tx operation can be CPE/FWA/IAB/vehicle/RSU/Industrial devices.
Proposal 2:
Consider the following objectives for multi-panel/multi-TRP uplink operation:

· Identify and specify enhancements for multi-panel joint transmission for single TRP scenarios and multi-TRP scenarios in FR2;
· Specify enhancements for unified TCI framework, at least for UL multi-panel transmission;
· The secondary WGs include RAN2 and RAN4.
Proposal 3: 
Consider the following objective for UL frequency-selective precoding:

· Evaluate and, if needed, specify enhancement for UL frequency-selective precoding, targeting at least devices with >=4 Tx in both FR1 and FR2. 
Proposal 4: 
Specify enhancements for UL CW mapping, targeting 2 codewords for >= 2 UL layers.
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