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Introduction
In RAN1#87 [1], the following agreement about UL MIMO was made.
Agreements:
· For the purpose of discussions, replace the classifications ’closed-loop’/‘open-loop’ with method-based classification of ‘precoding’ and ‘precoder cycling’
· Signalling and UL-CSI measurement support are to be addressed separately
· Both precoding and precoder cycling can be considered for UL DMRS-based spatial multiplexing (SM)
· Note: For only CP-OFDM waveform, SFBC is covered by this clarification
· Frequency selective precoding is supported for UL MIMO with CP-OFDM waveform when the transmission ports is greater than X
· Following examples can be studied
· Example 1: Precoding information for a given partial BW is explicitly indicated by gNB
· The precoding information can be indicated through a hierarchical indication manner with wideband W1 and subband W2
· W1 and W2 can be signaled in one DCI or two separate DCIs
· Example 2: A single beam group in UL codebook is indicated by BS for UL transmission in perspective of the system bandwidth
· Example 2a: Precoder cycling  is adopted within the beam group 
· Example 2b: The UE has certain flexibility to decide which particular beam/precoder in the beam group for actual transmission.
· Example 3: Reciprocity based precoding
· Other examples are not precluded
· FFS: X value
In the companion contribution [2], frequency-selective (or SB) precoding for UL MIMO is proposed, i.e., multiple PMIs are indicated to a UE for the scheduled UL transmission. For the precoder cycling based UL transmission scheme (proposed in [3]), a single PMI indicating a group of precoders is indicated to a UE. This contribution discusses the UL MIMO codebook for both frequency-selective precoding and precoder cycling based UL transmission. 
UL Codebook
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In LTE, UL codebook for 2 and 4 antenna ports are supported. The codebook includes pre-coders with antenna turn-offs (i.e., some antenna ports are assigned zero values) in order to keep peak-to-average power ratio (PAPR) low and cubic-metric (CM) for rank > 1 small [4-7]. But its benefit seems to be only for corner cases. To simplify UL codebook design and potential commonality with DL MIMO codebook for Type I CSI (discussed below), the following proposal is made.
Proposal 1: Antenna turn-off (such as in LTE UL codebook) is not considered in NR UL codebook.
To support both DMRS based precoding and precoder cycling schemes in UL transmission, the UL codebook, similar to DL codebook for Type I CSI reporting, can be a dual-stage codebook W = W1W2, where W1 codebook is for the WB component of the codebook which includes beam/pre-coder groups, and W2 codebook is for the SB component of the codebook which includes beam/pre-coder (and co-phase for dual-polarized antenna ports at the UE) selection. In particular, UL codebook can be the same as the DL codebook for Type I CSI for 2, 4, and 8 UE antenna ports which is proposed in the companion contributions [8-9]. Note that for 2 dual-polarized antenna ports, W1 is identity.  
Proposal 2: NR UL codebook is a dual-stage codebook W = W1W2, where W1 codebook is used to indicate beam/pre-coder groups, and W2 codebook is used to indicate beam/pre-coder (and co-phase) selection. In particular, UL codebook is the same as the DL codebook for Type I CSI for 2, 4, and 8 ports proposed in [8-9].
As proposed in [8-9], the DL codebook for Type I CSI reporting is parameterized by parameters such as number of ports in two dimensions, (N1, N2), oversampling factors in two dimensions, (O1, O2), one of non-orthogonal or orthogonal basis set, and number of beams (L = 1, 2, or 4) for beam group selection from the basis set. For UL codebook, (N1, N2), (O1, O2) (e.g. (8, 8)), and basis set type (e.g. non-orthogonal) can be fixed. The number of beams (L value) can be configured to the UE.   
Proposal 3: UL codebook parameters, (N1, N2), (O1, O2), and basis set type (e.g. non-orthogonal) are fixed. The number of beams (L value), however, is configured to the UE.    
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In this contribution, the UL MIMO codebook is presented. The proposals made are summarized as follows. 
Proposal 1: Antenna turn-off (such as in LTE UL codebook) is not considered in NR UL codebook.
Proposal 2: NR UL codebook is a dual-stage codebook W = W1W2, where W1 codebook is used to indicate beam/pre-coder groups, and W2 codebook is used to indicate beam/pre-coder (and co-phase) selection. In particular, UL codebook is the same as the DL codebook for Type I CSI for 2, 4, and 8 ports proposed in [8-9].
Proposal 3: UL codebook parameters, (N1, N2), (O1, O2), and basis set type (e.g. non-orthogonal) are fixed. The number of beams (L value), however, is configured to the UE.    
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