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Introduction
In 3GPP RAN1 NR Ad-Hoc [3], it is agreed to support diversity-based transmission schemes as follows:
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 about the design of diversity based transmission scheme for UL.
Discussion 
Common framework between DL and UL diversity based transmission scheme
In LTE specification, diversity transmission schemes such as SFBC/FSTD, large delay CDD and precoder cycling are supported only in downlink transmission due to the robustness of DFT-S OFDM waveform in uplink. However, the situation is different since support of CP-OFDM is agreed in NR. While DFT-S OFDM can provide more coverage with low PAPR, CP-OFDM is beneficial since CP-OFDM can provide more system performance benefits. Considering such aspects, diversity based transmission scheme should be provided at least for CP-OFDM. 
For CP-OFDM, common framework for diversity based transmission scheme should be supported. One objective of NR system is to enable a network to instantaneously adapt to traffic changes and enable time domain multiplexing (TDM) of traffic types with different transmission characteristics. For such flexible duplex operation, a slot type (DL, UL, or hybrid) may not be fixed and can be dynamically indicated by gNB. 
Dynamic indication on slot type in an uncoordinated manner can create cross-link interference when different slot types are used in neighbouring cells. In that case, support of cross-link interference cancellation is required especially for gNB since DL interference is typically much stronger than UL interference. In order to support interference cancellation between different slot types, common framework between DL and UL transmission scheme is beneficial since it allows simple interference channel estimation regardless of slot types. 
Design of UL diversity based transmission scheme
In order to design diversity based transmission scheme, both DMRS and transmission scheme should be considered. Considering DMRS, transparent DMRS which allows identical precoding between DMRS and NR PDSCH should be supported in NR. When UE estimates interference for its interference cancellation such as IRC and SIC, DMRS allows simple estimation due to its transparency. However, UE should re-calculate interference in DMRS when non-transparent DMRS and such calculation increase UE complexity. 
For diversity based transmission scheme, precoder cycling should be supported as well as transmission scheme 2 in downlink [4]. While precoder cycling requires simple UE structure due to the usage of identical mapping for codebook/non-codebook based transmission and diversity based transmission, SFBC requires high UE complexity since UE should apply additional operation due to its double dimension of transmission scheme. If NR supports precoder cycling for UL diversity based transmission, then UE requires only one transmitter for codebook/non-codebook based transmission schemes and diversity based transmission scheme. However, UE requires additional hardware to encode predefined precoding due to different precoding between codebook/non-codebook based transmission and diversity based transmission. At the same time, the performance benefit of SFBC is unclear. The extra spatial diversity gain offered by SFBC (over precoder cycling) is present only for very high channel coding rate (i.e. corner cases). 
Observations: 
· For CP-OFDM, common framework of transmission scheme has benefits on interference cancellation from different slot types.
· Transparent DMRS allows simple estimation for interference cancellation. 
· However, non-transparent DMRS requires more UE complexity due to different precoding and blind detection. 
· Precoder cycling requires only one transmitter for codebook/non-codebook based transmission and diversity transmission.
· For SFBC, additional hardware to decode predefined precoding due to different precoding and double dimension in adjacent REs.
Proposals: 
· Common framework between transmission scheme 2 in DL and diversity based transmission scheme in UL should be supported.
· For UL diversity based transmission scheme, precoder cycling should be supported.
Conclusions
In this contribution, open- and semi-open-loop transmission for NR are discussed. Based on the discussions, the following observations and proposals are provided:
Observations: 
· For CP-OFDM, common framework of transmission scheme has benefits on interference cancellation from different slot types.
· Transparent DMRS allows simple estimation for interference cancellation. 
· However, non-transparent DMRS requires more UE complexity due to different precoding and blind detection. 
· Precoder cycling requires only one transmitter for codebook/non-codebook based transmission and diversity transmission.
· For SFBC, additional hardware to decode predefined precoding due to different precoding and double dimension in adjacent REs.
Proposals: 
· Common framework between transmission scheme 2 in DL and diversity based transmission scheme in UL should be supported.
· For UL diversity based transmission scheme, precoder cycling should be supported.
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