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1. Introduction
In the last RAN1 meeting, the following agreement regarding UL MIMO transmission was made:
Agreements:
· For UL transmit diversity for CP-OFDM, down-select between the following alternatives
· Alt. 1: transmit diversity is not explicitly supported for PUSCH in Rel. 15
· Alt. 2 non-transparent UL transmit diversity for CP-OFDM (e.g., SFBC, Non-transparent precoder cycling)
· For UL transmit diversity for DFTsOFDM and CP-OFDM, companies are encouraged to provide evaluation results and implementation analysis for the next RAN1 meeting
In this contribution, we discuss diversity transmission for UL and focus on the necessity of semi-OL scheme.
Discussion
According to the last meeting agreement, transparent beam cycling is supported for PDSCH, PDCCH, and PBCH since enough diversity gain can be achieved with transparent beam cycling. In this sense, it is natural to support transparent diversity for PUSCH unless non-transparent UL shows significant gain. Also, considering cross link interference handling, it is desirable to use same diversity scheme between UL and DL.
Proposal 1: Support transparent diversity scheme with beam cycling for PUSCH
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is robust to channel aging, without further detail channel direction information such as W2, which is likely to be outdated.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. 
[bookmark: _GoBack]The same concept can be used for UL as downlink semi OL MIMO and there are several ways to support UL semi OL transmission. One way to support it is that 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, which can be signalled dynamically or semi-statically. 
Another way to indicate cycling beams to UE is to use precoded SRS with bundling. For example, similar to DMRS bundling, precoder bundling is applied to precoded SRS and beams are cycled by the unit of bundled resource, e.g. RB. UE may transmit multiple precoded SRS resources, each of them has different cycling pattern. Specifically, the beam patterns can be dynamically determined by UE based on downlink RS using reciprocity. Then gNB selects one SRS resource and indicate it by SRI. For UL data transmission, UE uses the cycling pattern corresponding to the SRS indicated by SRI. In this way, UE determines several candidates of cycling pattern and gNB picks one of the candidates implicitly considering UL interference. 
In addition, in order to indicate cycling beams to UE, we can consider using multiple precoded SRS resources. For example, UE transmits 4 SRS resources, each of which is precoded differently based on DL/UL reciprocity. After measuring theses SRS, gNB chooses the subset of them and indicates it by multiple SRIs. Then UE uses the beams applied on SRS resources indicated by SRIs to conduct beam cycling for PUSCH transmission.
Proposal 2: The set of cycling beams/precoders can be narrowed down based on long-term channel information (e.g., W1), or gNB indication (e.g., codebook subset restricton).
Proposal 3: The set of cycling beams/precoders can be implicitly indicated to UE by using a precoded SRS with bundling or multiple precoded SRS resources.
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 cycling 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 4: UE calculates CQI assuming random phase cycling between Tx panel arrays if there is time varying or unexpected phase distortion between the panel arrays.
2. Conclusion
In this contribution, we have studied the diversity achieving MIMO techniques and proposed as following:
Proposal 1: Support transparent diversity scheme with beam cycling for PUSCH
Proposal 2: The set of cycling beams/precoders can be narrowed down based on long-term channel information (e.g., W1), or gNB indication (e.g., codebook subset restricton).
Proposal 3: The set of cycling beams/precoders can be implicitly indicated to UE by using a precoded SRS with bundling or multiple precoded SRS resources.
Proposal 4: UE calculates CQI assuming random phase cycling between Tx panel arrays if there is time varying or unexpected phase distortion between the panel arrays.

