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1. Introduction
In the last RAN1 ad hoc meeting, several agreements regarding UL MIMO transmission were made as followings:
Agreements:
· Support at least the following UL transmission schemes for data in NR
· Scheme A: Codebook based UL transmission
· Support frequency selective precoding for CP-OFDM when the number of transmission port is greater than X (FFS: Value of X).
· Study codebook design including single-stage and multi-stage, e.g., W1W2 structure, codebook 
· Study the following DL signaling, e.g.,
· One level DCI
· Two level DCI
· MAC CE
· DCI associated with PDSCH (like UCI associated with PUSCH in LTE)
· Scheme B: Non-codebook based UL transmission
· Support frequency selective precoding for CP-OFDM when the number of transmission port is greater than Y (FFS: Value of Y).
· Support the indication of DL measurement RS for UE to calculate candidate precoder
· Study the mechanisms for UL precoder determination, e.g. precoded SRS based, non-precoded SRS based, hybrid precoded and non-precoded SRS based
· Diversity-based transmission schemes
· FFS: Whether the scheme has specification impact or not
· FFS: Merging of the schemes
· Support rank determination by gNB
· Support PRB bundling for CP-OFDM
· Study configurability of PRG size for CP-OFDM
· Study the PRG size
· FFS: Single port transmission is supported for the UE capable for multiple antenna port transmission.
In this contribution, we discuss diversity transmission for UL and focus on the necessity of semi-OL scheme.
Discussion
In NR high frequency bands, channel aging impact, i.e. the channel variation between the channel measurement instance and the data transmission instance, can be more severe because of increased Doppler, UE analog beamforming and rotation aspects, and bursty inter-cell interference such as the flash-light effect, resulting from poor cell isolation and flexible DL/UL subframe configuration. In addition, RF impairments possibly cause a time-varying distortion (e.g. imperfect calibration between panel arrays). In this regard, diversity achieving MIMO techniques shall be essential in NR. Applying pure open loop (OL) MIMO may require additional techniques beside multi-antenna processing for compensating coverage at high frequency bands such as repetition and power boosting. These techniques however have a limitation for the data transmission targeting high spectral and energy efficiency. Accordingly, new diversity achieving MIMO techniques that can achieve moderate beamforming gain in addition to spatial diversity will be needed for NR.
Semi-OL MIMO has been discussed as a promising transmission scheme to compensate several drawbacks of pure OL MIMO techniques. For DL, UE may report partial information about channel direction such as W1, which is robust to channel aging, without further detail channel direction information such as W2, which is likely to be outdated. Then, to achieve diversity, beam cycling group is determined based on the partial information about channel direction. The same concept can be used for UL. Instead of indicating UL precoder to UE, gNB can indicate a precoder cycling group after receiving SRS and UL transmission is conducted with precoder cycling. If UL codebook has a dual structure based on W1 and W2, simply W1 can provides precoder cycling group, or if it has a single structure, gNB can indicate cycling group using similar concept with codebook subset restriction.
If time-varying RF distortion is expected, one way to alleviate the negative impact is to randomize the components affected by the distortion. For example, if there is no phase calibration between panel arrays, the transmitter could apply random phases between panels when the phase distortion is time varying and unexpected. Also, CL/semi-OL MIMO operation can still be applied per panel in this case.
Proposal 1: Beam/precoder cycling transmission technique should be considered in NR for UL.
Proposal 2: The set of cycling beams/precoders can be narrowed down based on long-term channel information (e.g., W1), panel calibration capability at UE side, or gNB indication (e.g., codebook subset restricton).
Beam cycling based transmission scheme can be designed UE transparently or not. It depends on whether to use an additional precoder such as SFBC precoder on DMRS ports in order to achieve more diversity gain. In general, non-transparent scheme can achieve diversity gain at least as much as transparent scheme. However, there are several issues we need to consider carefully. First of all, non-transparent schemes such as SFBC, port swapping which is similar with ePDCCH transmission, and RE level co-phase cycling require more DMRS overhead compared to transparent scheme. As a result, it can degrade DMRS channel estimation performance or reduce available REs for data transmission. Secondly, there are possibility to increase diversity gain with transparent scheme. As scheduled RBs increase, the diversity gain of transparent scheme approaches that of non-transparent scheme. Even with small scheduled RB, it is possible to increase diversity by reducing DMRS bundling size at the cost of channel estimation performance.
Observation 1. Non-transparent scheme can achieve diversity gain at least as much as transparent scheme, in general.
Observation 2. Non-transparent scheme require more DMRS overhead compared to transparent scheme.
Observation 3. The diversity gain of transparent scheme can approach that of non-transparent scheme when scheduled RB increases or DMRS bundling size decreases.
2. Conclusion
In this contribution, we have studied the diversity achieving MIMO techniques and proposed as following:
Proposal 1: Beam/precoder cycling transmission technique should be considered in NR for UL.
Proposal 2: The set of cycling beams/precoders can be narrowed down based on long-term channel information, UE mobility information (e.g., speed, direction, etc.) or gNB indication.
Observation 1. Non-transparent scheme can achieve diversity gain at least as much as transparent scheme, in general.
Observation 2. Non-transparent scheme requires more DMRS overhead compared to transparent scheme.
Observation 3. The diversity gain of transparent scheme can approach that of non-transparent scheme when scheduled RB increases or DMRS bundling size decreases.

