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1. Introduction
MIMO has been an essential feature in 3GPP in a diverse range of deployment scenarios. Originally intended for data (e.g. PDSCH/PUSCH) and a limited set of control channels (e.g. PDCCH/PUCCH), MIMO application was further extended in NR to cover all aspects of radio communication (e.g. initial access, random access) in different frequency ranges and scenarios (e.g. URLCC, IAB, V2X).

Earlier NR MIMO enhancement in Rel.16/17 was heavily focused on DL, while UL MIMO has been stagnant with performance lagging behind. 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.). We believe UL MIMO enhancement should be one of the focuses of further MIMO enhancement in NR evolution. In this contribution we provide our views on the applicable scenarios, potential issues and candidate enhancement topics. 
2. Enhancement areas
2.1. Frequency-selective precoding 

The benefits of frequency-selective precoding have been well documented in LTE DL where significant performance improvements over wideband precoding was demonstrated. Due to implementations restrictions, LTE only supports UL wideband precoding, over a maximum UL bandwidth of 20MHz. 

However 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. It is our view that frequency-selective precoding should be supported in NR UL to fully exploit the adaptive link adaptation gain. 

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 where frequency-selective precoding allows higher modulation/coder 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. 
Proposal: 
· Study UL frequency-selective precoding to accommodate wider system bandwidth in FR1/FR2. 
2.2. Higher-order SU-MIMO

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. 
To extend to 8 UL layers in NR would require extension of SRS and PUSCH transmission schemes to 8 ports. UL DMRS may reuse DL 8 layer DMRS design. UL codebook extension to 8Tx is also necessary to allow closed-loop precoding control by the network; otherwise its use case may be limited to scenarios with short-term/long-term channel reciprocity (e.g. TDD).
Proposal: 

· Study higher-order UL MIMO to 8 layers to bridge the gap between DL and UL spectral efficiency, in FR1/FR2. 

2.3. UL enhancement on multi-beam transmission 
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. 
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). 
The current NR system does not support multi-panel joint transmission. Analogous to high-order MIMO, using multiple panels simultaneously 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. It is also important to note that the maximum power of UL transmission also increases linearly with the number of panels, directly translating to improved UL coverage essential for mmWave band. 
Given the importance of FR2 band to certain markets and operators, continuation of multi-panel enhancement should be considered, including at least multi-panel joint transmission. UE power consumption and inter-cell interference due to simultaneous actuation of multiple Tx panels should be taken into account.
Proposal:
· Study multi-panel joint transmission for spectral efficiency, coverage and blockage mitigation in FR2. 

3. Performance evaluation
In this section, system-level performance evaluation results are provided to demonstrate the performance gain of UL frequency-selective precoding over wideband precoding. Simulation assumptions are summarized in Table 1. In brief, a system bandwidth of 100MHz on a carrier frequency of 4GHz is assumed in Urban Macro scenarios with 200m inter-site distance. Both UE and NW are equipped with 4 antennas. Full-coherent UE is assumed. Full-buffer traffic is assumed where each cell has 10 users. UL scheduling assumes SU-MIMO. Two link adaptation schemes are evaluated, with fixed rank-1 (case 1) and full rank-adaptation (case 2). The CDF curves of case 1 and case 2 are depicted in Figure 1 and Figure 2, respectively.
Observation: 
· It is observed that subband precoding with TPMI subband size 16PRB provides substantial performance improvements with wideband precoding. For case 1 with fixed rank-1 transmission, 47% gain and 27% gain are observed in cell-edge throughput and cell average throughput. For case 2 with rank adaptation, similar gains are observed, with 44% cell-edge throughput gain and 29% cell-average performance gain. 
Table 1: Simulation setup
	Carrier frequency for evaluation
	4 GHz

	Simulation bandwidth
	100M(273 PRBs)

	Simulation time
	0.5s = 1000 subframe

	Subcarrier spacing
	30KHz

	Scenario
	UMa

	ISD
	200m

	UE antenna configuration
	(M,N,P,Mg,Ng)=(1,2,2,1,1),(dH,dV)=(0.5,0.8)λ

	BS antenna configuration
	(M,N,P,Mg,Ng)=(1,2,2,1,1),(dH,dV)=(0.5,0.5)λ

	UE Tx power
	23dBm

	Traffic model
	Full buffer

	Scheduling
	PF

	UE number
	570

	MIMO mode
	SU-MIMO

	Subband for TPMI
	16/273 PRBs

	Subband for CQI
	16 PRBs

	Codebook type
	NR UL CP-OFDM codebook
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4. Summary
This contribution presented our views on further uplink MIMO enhancements. From our perspectives the following are high-priority/high-impact items based on tradeoff between market urgency, system benefits and work feasibility. 
Proposal:

· Study UL frequency-selective precoding to accommodate wider system bandwidth in NR in FR1/FR2
· Study higher-order UL MIMO to 8 layers to bridge the gap between DL and UL spectral efficiency in FR1/FR2. 
· Study multi-panel joint transmission for spectral efficiency, coverage and blockage mitigation in FR2. 

Figure.2:  Throughput of 4Tx FC UE, UMa, rank adaptation








Figure.1:  Throughput of 4Tx FC UE, UMa, rank-1











