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1 Introduction
In RAN1 #86b meeting, the following agreements are achieved regarding UL MIMO transmission:
· 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 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
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 constant modulus property and avoiding antenna gain imbalance, etc. This codebook is mainly designed for SC-FDMA waveform and is only indicated through UL DCI in a wideband manner.
In NR, uplink MIMO transmission has new features and new codebook design should be studied for UL MIMO transmission in NR. On one hand, antenna arrays would be integrated in smaller size and more antennas could be supported at the UE. The number of non-precoded SRS ports may be extend to 8 and precoded SRS up to 4 ports may also be supported in NR. UE may also be equipped with cross polarized antenna arrays. On the other hand, it was agreed that the frequency selective precoding is supported with CP-OFDM waveform for UL MIMO. In this case, UL precoding information could be indicated to UE with PMI indication corresponding to a codebook. If legacy downlink codebook structure for LTE is reused, signalling overhead for indicating TPMI for each subband is too large. 
2.1 Codebook structure in non-precoded SRS case
We consider a two stage codebook structure for NR uplink for the objective of overhead reduction, 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
2.2 Codebook structure in precoded SRS case
If NR supports precoded SRS, the two-stage codebook structure can also be exploited for both CP-OFDM and single carrier waveform. 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 for overhead reduction. 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 1: Consider a two stage codebook structure for NR uplink, where the first stage codebook contains beam selection results and the second stage codebook contains co-phasing factor.
On the other hand, 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. This impact could be considered in the UL codebook design. For example, some of the codewords in the codebook could contain zero elements. In other words, some of the antenna ports are assigned zero output power, which is corresponding to the blocked part of antenna panels.
Proposal 2: Consider antenna port selection in UL codebook for cases of blockage happened at UE side.

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 3: Consider supporting 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: Consider a two stage codebook structure for NR uplink, where the first stage codebook contains beam selection results and the second stage codebook contains co-phasing factor.
Proposal 2: Consider antenna port selection in UL codebook for cases of blockage happened at UE side.

Proposal 3: Consider supporting independent PMI indication and codebook configuration for UL multi-panel transmission.
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