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Introduction
In 3GPP RAN1#88bis [3], RAN1#89 [4], RAN1 NR Ad-Hoc #2 [5] and RAN1#90 [6], following agreements on UL transmission are made:
	Agreements:
· Codebook based transmission for UL is supported at least by following signaling in UL grant:
· SRI+TPMI+TRI, where 
· The TPMI is used to indicate preferred precoder over the SRS ports in the selected SRS resource by the SRI.
· No SRI when a single SRS resource is configured
· The TPMI is used to indicate preferred precoder over the SRS ports in the configured single SRS resource.
· Support indication on selection of multiple SRS resources 
· FFS details
Agreements:
· For CP-OFDM waveform based PUSCH, operation with UL transmission diversity is transparent to specification
· Send an LS to RAN4 to inform the agreements for them to consider for their future work – Cristina (Mitsubishi). LS in R1-1715273, which is endorsed and finally approved in R1-1715274
Agreements:
· For DFTsOFDM waveform based PUSCH, further consider the following alternatives:
· Alt. 1: Alamouti-based transmit diversity is supported for PUSCH with DFTsOFDM 
· Note: there are several possible schemes proposed in various contributions. 
· FFS exact scheme with the aim to finalize in the next meeting
· Alt. 2: Time domain beam/precoder cycling is supported for PUSCH with DFTsOFDM
· FFS exact scheme with the aim to finalize in the next meeting
· If Alt 1 and Alt 2 is not supported or either of them is supported and is not configured
· Alt. 3: For NR in Rel-15, UL transmit diversity is not explicitly supported for PUSCH with DFTsOFDM.
· Companies are encouraged to further perform analysis and evaluations (link and/or system-level) regarding the above schemes


In this contribution, we discuss about the design of diversity based transmission scheme for UL. This is revised from R1-1713576.
Discussion 
In 3GPP RAN1#90, transparent diversity UL transmission is agreed for CP-OFDM. In contrast to CP-OFDM, multi-beam based diversity transmission should be considered for DFT-S OFDM. In NR, UE can be configured to monitor NR-PDCCH on multiple beam pair links simultaneously [2]. Such downlink control data transmission based on multiple beam pair can provide robustness and reliability when UE experiences blockage on one of configured beams. Such reliable transmission via multi-beam pair links can be applied to DFT-S OFDM since support of DFT-S OFDM waveform is focused to provide robustness and reliability. Figure 1 shows exemplary operation of multi-beam based UL diversity transmission. In this operation, UE can realize multiple Tx beam via multiple SRS resources which is indicated via SRI by gNB. Based on the information, UE can apply different beam to its data transmission with pre-defined or configured granularity (e.g. slot, mini-slot or REG). 


Figure1. UL diversity transmission via multiple SRS resource indication
Observation: 
· For DFT-S OFDM, multi-beam based diversity transmission can provide robust transmission to UE.
Proposals: 
· For UL diversity based transmission scheme, precoder cycling shall be supported for DFT-S OFDM.
· For DFT-S OFDM, multi-beam based diversity transmission based on multiple SRS resource indication shall be supported in NR. 
Conclusions
In this contribution, diversity based transmission for UL is discussed. Based on the discussions, the following observations and proposals are provided:
Observations: 
· For DFT-S OFDM, multi-beam based diversity transmission can provide robust transmission to UE.
Proposals: 
· For UL diversity based transmission scheme, precoder cycling shall be supported for both CP-OFDM and DFT-S OFDM.
· For DFT-S OFDM, multi-beam based diversity transmission based on multiple SRS resource indication shall be supported in NR. 
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