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1. Introduction
In RAN1 #89 meeting, the following agreements have been achieved. [1]
· 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 RAN1 NR Ad-Hoc Meeting, it has been agreed that UL could support 3 transmission schemes: codebook based, non-codebook based and diversity based. The detail agreements are as follows [2] [3]. 
· 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 RAN1 #88 meeting, the following agreements for DFT-s-OFDM waveform have been achieved. [4]
· For DFT-S-OFDM, following schemes can be candidates for UL diversity schemes for UL data: CDD, precoder cycling, antenna port switching, SFBC, and STBC.
· RAN1 should down select them in WI phase.
· FFS the corresponding spec impact (if any)
In RAN1 #88bis meeting, the following agreements for DFT-s-OFDM waveform have been achieved. [5]
· For DFTsOFDM in data channel, the following schemes are candidates for transmit diversity:
· Low PAPR Alamouti-based transmit diversity applied in frequency or time domain, transparent transmit diversity (e.g. short delay CDD, panel selection), time domain beam/precoder cycling

In this contribution, we will provide some discussions on the UL diversity based transmission for CP-OFDM and DFT-s-OFDM.
2. Discussion
2.1 UL Diversity-Based Transmission Scheme
For UL MIMO, to support the open-loop transmission scheme, the following candidate technologies can be taken into account:
· SFBC/STBC
· Transparent precoder cycling
· Non-transparent precoder cycling
There could be some issues for SFBC/STBC based scheme: one is the potential orphan RE issues; another is that it is not easy for the victim cell to estimate the interference covariance for MMSE-IRC receiver since different REs may have different interference level. In [6], some simulation results to compare the precoder cycling and SFBC which are also shown in Figure A-1 in appendix. It can be observed that the RB level precoder cycling could have better performance than SFBC. Hence we recommend to use precoder cycling.
In Rel-15, for DL only transparent open-loop transmission scheme is supported. In order to define a uniform structure for both UL and DL, to re-use the DL conclusion seems to be a possible solution. However, for uplink, to let the UE decide the precoder may bring in some additional effort for the network to control the interference, since the network cannot determine the transmission direction of the UE. Therefore a semi-open loop scheme seems to be more suitable, where the gNB can control the main transmission direction and the UE can select the precoder around that direction. In another option, the gNB can define a codebook sub-set restriction, then the UE can select the precoder within this sub-set. 
Further, compared to RE level precoder cycling, it is better to apply different precoders in different RB(s), as it is not easy for the victim cell to estimate the interference based on the RE level precoder cycling scheme and more antenna ports of DMRS should be needed. For RB level precoder cycling, it is better to use configurable PRG size so that for small bandwidth allocation case, multiple transmission directions can be covered and for large bandwidth allocation case, the PRG size can be increased so as to improve the channel estimation performance.
Proposal 1: Precoder cycling should be supported for UL diversity based transmission, and both the semi-open loop based scheme and codebook sub-set restriction based scheme should be taken into account.
Proposal 2: Configurable PRG size should be supported and consider to define the association between PRG size to the allocated bandwidth.
2.2 Diversity transmission in multi-beam operation
For multi-beam operation, the gNB and UE may maintain a plurality of beams. Then to support the diversity based transmission, the beam cycling could be taken into account. There can be the following beam cycling schemes:
· Option 1: FDMed/SDMed beam cycling
· Option 2: TDMed beam cycling

In option 1, different beams can be applied to the same or different frequency resources. However this relies on the UE and gNB’s antenna structure. If there are multiple antenna panels, different beam pair links can be used in different frequency resources or with some overlapping frequency resources. Therefore the drawback for option 1 could be the hardware limitation. But it does not increase the latency compared to option 2. 
In option 2, different beams can be applied to different time instance. For example, different beams can be used in different slots, where the data in each slot can come from the same HARQ process with the same or different RVs. The drawback is that the latency could be increased. However the improper beam pair link selected by the UE could also increase the latency of the system with some HARQ retransmission. 
Proposal 3. The beam cycling should be taken into account for multi-beam operation, and both FDMed/SDMed based and TDMed based beam cycling should be studied.
2.4 Diversity transmission in DFT-s-OFDM 
For DFT-s-OFDM, if multi-beam operation is applied, the time domain beam cycling can help the gNB and UE to cover some Tx and Rx directions. With the help of additional DMRS symbol in a slot, one slot can be divided into 2 sub-slots and the two beam pair links (BPLs) can be used in time domain. Figure 1 illustrates one example for the time domain beam cycling. Different BPLs can be used in different sub-slots and the DMRS in different symbols can be decoded independently. To scan more Tx/Rx directions, multi-slot based transmission can be used.


Figure 1: one example for time domain beam cycling
For single beam operation, different precoders can be applied to different sub-slots and the gNB could use the DMRS in different sub-slots to independently estimate the channel. Another possible way is to use SFBC/STBC, however the inter-cell interference cannot be easily managed, which could be challenge for interference measurement. Some evaluations for SFBC and time domain precoder cycling have been given in [6], and it can be observed that time domain precoder cycling can provide better performance than SFBC for interference limited case. Further for SFBC, the PAPR may be increased, which could have some impacts on the link budget; for STBC, there can be an orphan REs issue which may have some impacts on the system performance. Therefore generally with regard to PAPR and potential orphan REs issue, the time domain beam/precoder cycling should be used for DFT-s-OFDM waveform.
Proposal 4. With regard to PAPR and potential orphan REs issue, the time domain beam/precoder cycling should be used for DFT-s-OFDM waveform.
3. Conclusions
In this contribution we have provided our views on diversity based UL transmission for NR. From the discussion, we have achieved the following observations and proposals.
Proposal 1: Precoder cycling should be supported for UL diversity based transmission, and both the semi-open loop based scheme and codebook sub-set restriction based scheme should be taken into account.
Proposal 2: Configurable PRG size should be supported and consider to define the association between PRG size to the allocated bandwidth.
Proposal 3. The beam cycling should be taken into account for multi-beam operation, and both FDMed/SDMed based and TDMed based beam cycling should be studied.
Proposal 4. With regard to PAPR and potential orphan REs issue, the time domain beam/precoder cycling should be used for DFT-s-OFDM waveform.
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Appendix – Simulation Results
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[bookmark: _GoBack]Figure A-1: Performance comparison of different precoding cycling approaches for interference limited scenario
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