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Introduction
Although the NR MIMO Rel-15 is able to provide 30~50% gain of the network spectral efficiency compared to LTE, there still exists a large space of improvement. Moreover, to provide better UE experience, higher spectrum efficiency is always desired for eMBB. In this contribution, we will briefly review our WI proposals that will further enhance the performance of NR MIMO.
Discussion
In Rel-15, many features and functions have been specified, such as closed loop transmission for DL and UL, unified framework for CSI acquisition and beam management, NZP CSI-RS based interference measurement, Type I codebook supporting up to 32 ports and up to rank8, Type II codebook supporting up to 32 ports and up to rank2, full/partial/non-coherent UL codebook design, enhanced RS design for MIMO transmission, etc. However, a lot of issues in practical system can not be addressed with the current specification, such as reliable transmission scheme for the UEs in mobility scenarios, and high feedback overhead with type II codebook, etc.
Considering MU-MIMO as key technology to guarantee the system throughput performance, we propose to specify the following enhancements for NR Rel-16.
Robust DL transmission scheme
Robust DL transmission schemes is not specified in Rel-15 and only closed loop transmission scheme is supported, which means the throughput performance of a UE with a considerable high moving speed is not guaranteed and degenerates rapidly with its mobility. In mobility scenarios, only closed loop transmission can be used. However, accurate and timely CSI information is required for closed loop transmission, which can’t be satisfied by the UEs with high moving speed. Because channel condition varies always with the moving trace and the CSI fed back by UE is aged.
With aged CSI, a decline of around 40% in performance is observed when the UE’s speed goes from 5km/h to 30km/h, according to our evaluation results. Thus it is reasonable to use a robust transmission scheme, which is not that sensitive to the accuracy and timing of CSI UE fed back, such as semi-open loop transmission scheme, or even not required to feed back CSI at UE side, such as SFBC.
Therefore, in order to guarantee the reliability and coverage of the network especially for the UEs with medium to high speeds, it is reasonable to develop a robust transmission scheme with transmit diversity in NR Rel-16.
Proposal: Support robust DL transmission scheme to improve spectrum efficiency in mobility scenarios for NR Rel-16. 
Enhancement on CSI acquisition
In Rel-15, two main CSI feedback schemes based on Type I/II codebook are specified. In general, Type I codebook is targeted for SU-MIMO case while Type II codebook is targeted for MU-MIMO case. For the performance and feedback overhead of these two codebooks, the following observations are observed: 
(1) Type II codebook can achieve a considerable large gain over Type I codebook, in that Type I codebook is beam selection codebook while type II codebook is beam combination codebook. With enough orthogonal beams combined, the precoding vector fed back by UE can approach the ideal eigenvector of channel. However, with multiple beam indexes and coefficients for linear combination to feedback, the feedback overhead of type II codebook is far higher than that of type I codebook.
(2) Only maximum of rank-2 is supported by type II codebook. Actually, it is highly necessary to support of higher rank codebooks for type II codebook. 32 antenna ports at gNB side has been agreed to support and sufficient space isolation is provided to support more transmission layers. Meanwhile 4Rx UEs are becoming more and more popular. Simulation results shows that it is of high possibility that UE report rank 3/4. However, quantization of each layer is independent based on the current ran1/2 type II codebook. For rank 3/4 codebook design, feedback overhead and performance should be balanced.
(3) A large performance gap still remains between type II codebook feedback and ideal feedback, according to our evaluation results. Only maximum of 4 beams as well as maximum 4 bits per subband for the quantization of coefficients are supported for type II codebook. In general, to approach the performance of ideal feedback with current type II CSI feedback scheme, larger beams as well as more accurate quantization of coefficients are required. However, in the CSI feedback mechanism of LTE and Rel-15, channel quantization for each sub-band are independent from each other. More beams will lead to more coefficients for each subband. More coefficients and more accurate quantization for each coefficients would bring a large feedback overhead, which would be a large burden for UCI transmission even on PUSCH. 
(4) The increasing demand on high MU-MIMO throughput, particularly for FDD, also entails more accurate feedbacks, which would also bring the increment in feedback overhead. Therefore, to deal with the issue of high feedback overhead, the property of high channel correlation in frequency domain should be exploited and codebook for frequency domain compression should be investigated and specified.
As a result, we propose to enhance CSI acquisition schemes including codebook design targeting for the performance of ideal feedback.
Proposal: Support further enhancement on CSI acquisition targeting for the performance of ideal feedback with low feedback overhead
Enhancement on Beam management
Many discussions on beam-management (BM) and beam failure recovery (BFR) have been postponed due to lack of time. Some inherent issues remain in employing the results of BM and BFR to assist transmitting data. A considerable latency can be expected from the beam training, to CSI acquisition, and to final data transmission based on current BM mechanism. Moreover, to support fast beam sweeping, the maximum CSI-RS ports for BM is 2. The beam obtained by beam sweeping may not be the optimal beam for data transmission with higher rank.
To better satisfy the low-latency and high-reliable mmWave transmission requirement, some of the above procedures may be combined and the overall mechanism can be simplified. For example, beam training and CSI acquisition can be performed at the same time, which means CSI calculation should be performed along with beam sweeping. In this use case, the periodicity of beam sweeping and the accuracy of CSI acquisition should be balanced. The enhanced beam-management (BM) enables more efficient employment of multiple panels at gNB and UE side, as well as interference-aware/rank-dependent beam selections. They will help improving the spectral and power efficiency for mmWave.
Therefore, to enable high-rank transmission for mmWave, and to support low-latency as well as high reliable mmWave transmission, we propose to support the enhancement on BM, e.g., interference-aware BM, and joint beam training and CSI acquisition mechanism for NR Rel-16.
Proposal: Support further enhancement on BM to enable high-rank transmissions for mmWave
Other enhancements
The features and functions in Rel-15 are specified based on the assumption of linear precoding at gNB side. Due to the ever increasing demand on the data rate, the traditional linear precoding techniques struggle to meet the high-load requirement. It is well-known that non-linear precoding schemes are able to provide higher spectral efficiency compared to linear precoding methods. As a result, we propose to study non-linear precoding schemes in Rel-16 to further increase the MU-MIMO throughput. Furthermore, the specification impact caused by non-linear precoding should also be minimized, considering the timing of Rel-16.
[bookmark: _GoBack][bookmark: OLE_LINK1]As NR will be mostly deployed at TDD band, the CSI acquistion mechanism taking advantage of reciprocity but considering the practical deployment of UE’s antennas should be investigated and specified to further improve the TDD performance. In NR Rel-15, SRS antenna switching technique was already introduced considering asymmetric Tx and Rx deployment of UE’s antennas, mainly considering UE antenna’s laylouts of 1T2R, 1T4R and 2T4R, etc. But considering further evolution of UE antenna’s laylout with larger UE receiveing antenna number in R16, e.g. 4T8R for CPE, we propose to investigate and develop new CSI acquisition mechanism for partial reciprocity scenario.
Therefore, we have the following proposals:
Proposal: Support NR MIMO enhancement, including
· Advanced non-linear precoding scheme to further enhance MU-MIMO throughput
· Further enhancement on CSI acquisition for partial reciprocity scenario at TDD band
Conclusion
This contribution provided an analysis of the potential working items on NR MIMO, and made the following proposals for NR Rel-16 WI
Proposal: NR MIMO enhancement, including
· Robust DL transmission scheme to improve spectrum efficiency in mobility scenarios
· Further enhancement on CSI acquisition targeting for the performance of ideal feedback with low feedback overhead
· Further enhancement on BM to enable high-rank transmissions for mmWave
· Advanced non-linear precoding scheme to further enhance MU-MIMO throughput
· Further enhancement on CSI acquisition for partial reciprocity scenario at TDD band

