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Introduction
In RAN1-NR#1, the following agreement on UL MIMO was made. 
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)
· …
In the companion contribution [2], codebook-based UL transmission schemes are discussed which includes Transmission Scheme 1 (TS1), i.e., frequency-selective (or SB) UL precoding and Transmission Scheme 2 (TS2), i.e., precoder cycling based UL transmission. It is proposed that for TS1, a fixed number (N) of precoders (N TPMIs) are indicated to a UE, and for TS2, a single PMI (TPMI) indicating a group of precoders is indicated. This contribution discusses the UL MIMO codebook for TPMI indication for both TS1 and TS2. 
UL Codebook
1 
2 
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 [3-6]. But its benefit seems to be limited to cases such as DFT-S-OFDM based UL. For CP-OFDM based UL, the antenna turn-off may or may not be beneficial for transmission. It is therefore proposed that antenna turn-off is configurable in NR UL codebook. When turned ON, both pre-coders with and without antenna turn-offs are considered in TPMI indication. Otherwise, only pre-coders without antenna turn-offs are considered in TPMI indication.
Proposal 1: For rank-1 transmission, support configurable antenna turn-off in NR UL codebook design
· Only applicable when DFT-S-OFDM waveform is used.
[bookmark: _GoBack]Since for precoder cycling based TS2, TPMI indicates a group of precoders, precoders in UL codebook need to be grouped for cycling. Following DL codebook structure, a simple approach to group UL precoders is to consider a dual-stage codebook W = W1W2 for UL, where the first stage codebook W1 is used to form precoder groups. The dual-stage codebook is also be used for TS1, for example, to reduce the number of precoders for frequency-selective precoder selection, where precoder selection is performed using the second stage codebook W2. An example of UL codebook structure is shown in Figure 1 in which there are M groups of precoders and each group comprises of N precoders. 


[bookmark: _Ref473879664]Figure 1: UL codebook structure
To construct UL codebook, the following cases are considered.
· If antenna turn-off is not configured, then precoder grouping is based on correlation, i.e., precoders with high-correlation (or spatially adjacent precoders) form a group.
· If antenna turn-off is configured, then precoder grouping is such that precoders which having zeros at the same entries form a group. Note that this is to ensure that precoders in a group have high correlation. 
For UL codebook W, both LTE UL codebook for 2 and 4 ports, and NR Type I CSI codebook for 2, 4, (and 8 if supported) ports, proposed in [7], can be considered as the starting point.   
Proposal 2: NR UL codebook is a dual-stage codebook W = W1W2, where the first stage codebook W1 is used to select a precoder group, and the second stage W2 codebook is used to select a precoder from the selected percoder group. 
· For precoder cycling based TS2, W1 codebook is used, and for TS1, both W1 and W2 codebooks are used.
· When antenna turn-off is not configured, then precoder grouping is based on correlation. Otherwise, it is such that precoders having zeros at the same entries form a group.
· Consider both LTE UL codebook for 2 and 4 ports, and NR Type I CSI codebook for 2, 4, (and 8 if supported) ports, proposed in [7].
As proposed in [7], 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: If UL codebook is the same as DL codebook for Type I CSI, then codebook parameters, (N1, N2), (O1, O2), and basis set type (e.g. non-orthogonal) are fixed. The number of precoders/beams (L value) that form a W1 group, however, is configured to the UE.    
[bookmark: _Ref446598642]Conclusions
In this contribution, the UL MIMO codebook is presented. The proposals made are summarized as follows. 
Proposal 1: Support configurable antenna turn-off in NR UL codebook design.
Proposal 2: NR UL codebook is a dual-stage codebook W = W1W2, where the first stage codebook W1 is used to select a precoder group, and the second stage W2 codebook is used to select a precoder from the selected precoder group. 
· For precoder cycling based TS2, W1 codebook is used, and for TS1, both W1 and W2 codebooks are used.
· When antenna turn-off is not configured, then precoder grouping is based on correlation. Otherwise, it is such that precoders having zeros at the same entries form a group.
· Consider LTE UL codebook for 2 and 4 ports, and NR Type I CSI codebook for 2, 4, (and 8 if supported) ports, proposed in [7].
Proposal 3: If UL codebook is the same as DL codebook for Type I CSI, then codebook parameters, (N1, N2), (O1, O2), and basis set type (e.g. non-orthogonal) are fixed. The number of precoders/beams (L value) that form a W1 group, however, is configured to the UE.
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