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1 Introduction
In RAN1 NR ad-hoc meeting, the following agreements are achieved regarding UL MIMO transmission:
· 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 provide our views on uplink codebook design and related TPMI indication for NR.
2 General views on UL Codebook design for NR
2.1 General discussion on codebook structure
In LTE, uplink codebook is introduced in Release10. In the codebook design, several factors are considered in the codebook design, such as maximizing the Chordal distance of precoding vectors/matrices, maintaining the cubic metric (CM) property, etc. This codebook is mainly designed for SC-FDMA waveform and is only indicated through scheduling grant in a wideband manner. For CP-OFDM based uplink MIMO transmission, the CM property is no longer an essential factor which should be considered in codebook design.
Observation 1: CM property is not the essential factor in NR UL codebook design, especially CP-OFDM based UL MIMO transmission.
In NR, new features for uplink MIMO transmission should be considered in new codebook design. On one hand, antenna arrays would be integrated in smaller size and more antennas could be supported at the UE. Besides, there are many different antenna structures in UE side, such as uniform or non-uniform antenna spacing, single polarized or cross polarized antenna arrays and single or multiple antenna panels in different frequency bands or scenarios. Thus, UL codebook design in NR should support different kinds of UE antenna structures.
For high frequency (HF) band in NR, UE beamforming is needed to provide enough array gain to resist high large scale fading. Thus, antenna arrays with high correlation are needed. Moreover, bandwidth in HF band is broader than low frequency band and frequency selective precoding is needed. In this case, two-stage codebook structure could be a candidate for the objective of signalling overhead reduction. 
What’s more, compared with single stage codebook structure, the overhead of DCI can be reduced if two-stage codebook structure is supported, as the first stage codebook can capture the long-term and wide-band characteristics of channel. 

Proposal 2: Support two-stage uplink codebook structure at least for high frequency.
In the following, we give two examples for two-stage codebook designs.
2.2 Example I
A two-stage codebook structure could be used for NR uplink, which can be jointly used with a hierarchical PMI indication. The overall codebook structure can be expressed as 
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 could be the same or different structured precoding vectors and 
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is a co-phasing factor.
Here a wideband PMI indication corresponds to W1 and a subband PMI corresponds to W2.  As shown in Figure 1, W1 could be used to contain beam selection results and W2 could be used to contain co-phasing factor for various purposes. For example, W2 could contain a co-phasing factor for cross polarized antenna arrays, or a phase factor to concatenate multi-panel beams.
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Figure1 general uplink codebook structure for NR
2.3 Example II
The codebook structure is similar to the one used in the case of ‘class B’ for FD-MIMO in LTE. However, the functionality of beam selection and co-phasing factor could be decoupled in uplink NR. The overall codebook structure can be expressed as 
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 where the first level codebook W1 could be used to contain beam selection results as
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 is a column-vector where its i-th element is 1, and 0 otherwise. The second level codebook W2 could be used to contain co-phasing factor. Similarly, a wideband PMI indication corresponds to W1 and a subband PMI corresponds to W2. Thus, feedback overhead would be reduced with this decoupled structure compared to ‘class B’ in FD-MIMO. Another advantage is that PMI indication for uplink could be in a unified form for non-precoded SRS and precoded SRS.

Proposal 3: Consider the following W1W2 structure for uplink NR: 
1) The first stage codebook contains beam selection results
2) The second stage codebook contains co-phasing factor.
2.4 Consideration on UE antenna blocking
In reality, antenna ports transmitting data at UE side may not be detected by TRPs for various reasons. For example, some of UE’s antenna panels may be blocked when they are taken in hand. Moreover, some of the antenna panels may not work well due to the beam blockage. In this case, available antenna ports would be smaller than the assigned SRS ports. Thus, mechanisms should be studied for resisting UE antenna blocking.
Proposal 4: Take UE antenna blocking into consideration along with UL codebook design and PMI indication. 
3 Discussion on issues in UL multi-panel transmission 
In NR, UE may be equipped with multiple low correlation antenna panels. It would be more feasible, efficient and economic to support multiple antenna panels at UE rather than installing all the antenna elements onto a single antenna panel. Such antenna structure also provides flexibility for UE beamforming and benefit for combating blockage effect. For example, each panel could connect to a desired TRP to improve the reliability and capacity for UL transmission. This scheme is called as non-coherent UL MIMO transmission in our companion contribution [1].
To support uplink multi-panel transmission, independent PMI and codebook should be supported for each panel. Furthermore, an independent DCI could be used for indicating scheduling and resource allocation information for each panel/beam if independent stream is transmitted from different panels. A simple scheme is to configure the number of UL grant through RRC or physical layer signalling and an independent codebook for each UL grant.
Proposal 5: Consider independent PMI indication and codebook configuration for UL multi-panel transmission.
4 Conclusion
In this contribution, we give some general views on UL codebook design for NR. We have the following proposals:
Proposal 1: Study codebook with non-CM property for uplink transmission with CP-OFDM waveforms. 

Proposal 2: Support two-stage uplink codebook structure at least for high frequency.
Proposal 3: Consider the following W1W2 structure for uplink NR: 

1) The first stage codebook contains beam selection results

2) The second stage codebook contains co-phasing factor.

Proposal 4: Take UE antenna blocking into consideration along with UL codebook design and PMI indication.
Proposal 5: Consider independent PMI indication and codebook configuration for UL multi-panel transmission.
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