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1. Introduction
In RAN1-NR meeting in January 2017, RAN1 agreed on candidate transmission schemes for uplink (UL). 
	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 the details of diversity transmission scheme.
2. Discussion

First of all we discuss whether diversity transmission should be supported for NR or not. As it showed robust performance in LTE-A, we believe that diversity transmission is beneficial to ensure robustness in NR. As the transmit diversity scheme is still open, we discuss what kind of diversity scheme should be supported for NR. RAN1 agreed that two types of waveforms were supported, i.e., CP-OFDM and DFD-S-OFDM [2]. Since these waveforms have different properties, we should select the best one for each waveform.
Observation 1: RAN1 agreed to support 2 types of waveform, i.e., CP-OFDM and DFT-S-OFDM. The best solution depends on each waveform property.
Regarding CP-OFDM, considering the downlink transmit diversity scheme, CDD, precoder cycling, and SFBC are the candidates. CDD and precoder cycling won’t be able to achieve full diversity gain by themselves. SFBC can achieve full diversity gain although it needs even number of resources in frequency domain. In LTE, SFBC was adopted for the downlink OFDMA, because cubic metric is not an issue. In NR when using CP-OFDM for UL, we can be tolerant to cubic metric. Therefore, SFBC is reasonable solution for CP-OFDM. Some companies proposed that precoder cycling that enhances SFBC performance [3, 4]. If enough performance gain is shown, precoder cycling can be combined with SFBC. Nevertheless, it is preferable to reuse the same transmit diversity scheme as that for the downlink unless there is any specific reason to change it.
Proposal 1: For the CP-OFDM waveform, reuse of downlink transmit diversity scheme should be baseline.
Regarding DFT-S-OFDM, cubic metric shouldn’t be affected by transmit diversity scheme. In addition to the schemes mentioned above, antenna port switching and STBC are considered. As mentioned above CDD and precoder cycling can’t achieve full diversity gain and SFBC and precoder cycling increase cubic metric. STBC is well-known diversity scheme to provide full diversity gain without causing cubic metric issue, however it puts on large restrictions on resource mapping, e.g., it needs a pair of symbols. Moreover, the performance would be degraded by fading fluctuation in time-domain. As a result, antenna port switching seems reasonable scheme, since it doesn’t increase cubic metric and UE can utilize full transmission power.
Proposal 2: For the DFT-S-OFDM waveform, support antenna port switching.
3. Conclusion
In this contribution we discussed the details of UL diversity transmission. Our observation and proposals are as followed:
Observation 1: RAN1 agreed to support 2 types of waveform, i.e., CP-OFDM and DFT-S-OFDM. The best solution depends on each waveform property.

Proposal 1: For the CP-OFDM waveform, reuse of downlink transmit diversity scheme should be baseline.

Proposal 2: For the DFT-S-OFDM waveform, support antenna port switching.
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