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Introduction
In RAN1 NR Adhoc, Jan. 2017, the following agreement was made regarding UL transmission scheme for NR [1]:
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 rank-1 uplink diversity-based transmission scheme. 

Discussion	
UL Diversity-Based Transmission Scheme
In [2], we provide our view on downlink transmission scheme 2. Based on analysis and simulation results, we made following observations. 
· Beam broadening function provides noticeable gains over DFT precoding for open-loop transmission scheme with precoding cycling. 
· For high-speed scenario, transmission scheme with polarization cycling provides better performance than transmission scheme with polarization and beamforming cycling. 
· For interference-limited scenarios, transmission scheme with polarization cycling across PRBs provides better performance comparing to SFBC transmission scheme. 
· For small resource allocation, partial slot precoder cycling provides additional diversity gain over PRB level precoder cycling, and it shows similar link performance as RE level cycling in noise limited scenario while it does provide better interference rejection capabilities to the neighboring cells. 
We propose to adopt transmission scheme adopted for downlink transmission scheme 2 at least for CP-OFDM based uplink transmission. Although the source and destination link is different for downlink and uplink, it is still desirable to have a unified MIMO framework and only introduce necessary link direction specific features. This consideration is more important in NR as NR supports dynamic TDD where cross-link interference needs to be estimated and suppressed accordingly. 
In [2], we proposed transparent DMRS scheme where data and DMRS are transmitted with the same precoding matrix. Similarly, uplink diversity-based transmission scheme also can be utilized with transparent scheme. This is valid for rank-1 with single port transmission and rank-2 with double port with single codeword transmission where there is no need of extra mechanism for shuffling different layers or ports. 
Observation 1. Unified MIMO framework is beneficial especially for dynamic TDD case.
Proposal 1. Adopt transparent DMRS based uplink diversity-based transmission scheme at least for rank-1 and rank-2 scheme where transparent DMRS transmission scheme refers the scheme utilizes identical precoder for DRMS and data.
Specification Impact of UL Diversity-Based Transmission Scheme
In case of transparent DMRS based transmission scheme, there may be no specification impact on the choice of precoder. However, there should be a mechanism for gNB to select proper MCS and number of MIMO layer for the transmission. Following procedure can be used for that purpose:
1. gNB configures maximum number of ports for precoded SRS. Here maximum number of ports implies maximum number of uplink transmission MIMO layer to gNB from the UE.
2. UE transmits precoded SRS with the number of ports assuming port 0 is for single layer transmission, port 0 and 1 is for two layer transmission, etc. The precoder is determined by UE with a constraint that the precoder for higher number of MIMO layer transmission contains the precoder for lower number of MIMO layer transmission. 
3. gNB determines number of MIMO layer and MCS, and allocates uplink resource together with the number of MIMO layer and MCS.
4. UE transmits data with precoded DMRS and data (same precoder used in SRS for the given number of ports).

Observation 2. Transparent UL transmission can be applied using precoded SRS.
Proposal 2. UE can be configured to transmit precoded SRS. 
· Configuration includes number of ports,  transmission scheme (reciprocity based or implementation specific)
· For precoded SRS transmission, higher number of MIMO layer transmission precoder contains lower number of MIMO layer transmission precoder
· UE uses same precoder for data transmission

Summary 
In this contribution, uplink diversity based transmission scheme is discussed.  
The following observations were made:
· Unified MIMO framework is beneficial especially for dynamic TDD case.
· Transparent UL transmission can be applied using precoded SRS.
Based on the observations the following proposals was made:
· Adopt transparent DMRS based uplink diversity-based transmission scheme at least for rank-1 and rank-2 scheme where transparent DMRS transmission scheme refers the scheme utilizes identical precoder for DRMS and data.
· UE can be configured to transmit precoded SRS. 
· Configuration includes number of ports,  transmission scheme (reciprocity based or implementation specific)
· For precoded SRS transmission, higher number of MIMO layer transmission precoder contains lower number of MIMO layer transmission precoder
· UE uses same precoder for data transmission
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