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1. Introduction
In last RAN1 NR Ad-Hoc, it is agreed that the following techniques are studied for NR UL MIMO. 
· 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 show our views on codebook-based transmission with UE centric or BS centric manner. 

2. Discussion 
In LTE, CL-MIMO in uplink is based on port selection indication and precoder indication based on codebook. For NR, as reciprocity may not be available or ideal, codebook based precoder/beam/port indications should also be supported. As the number of UE antennas is much larger, and antenna configurations are also more complex in NR, more challenges exist in the codebook design. Fixed codebook design cannot be sufficiently flexible.Flexible codebook configurations should be studied for different UEs and scenarios. Similar as LTE, UE-aided and BS-centric mechanism should be considered. The following options can be the candidates. 

Option-1: BS decides and informs UE the configurations of the UL codebook, including sending the codebook directly and sending the parameters for the codebook.

Option-2: BS configures more than one UL codebooks and informs UE these codebooks. UE selects one or a subset from the codebooks and reports its selection. BS decides the final codebook based on UE report and informs UE the decision.

Option-3: UE reports the antenna configuration parameters. BS decides the final codebook based on UE report and informs UE the decision. 

Notice that these above-mentioned codebooks can be used for basedband precoding for multiple TXRU, analog precoding within one TXRU or final precoding. In addition, these codebooks can be associated with SRS. In order to improve the efficiency of indication signaling, the multi-PMI-like indication approach for these UL precoders can be adopted.

For the above following options, some analysis is made accordingly: 

For Option-1, the approach has simple procedure of determining codebook, but the main issue is that BS is not aware of antenna configuration of UEs, which means that the design of UL codebook is very difficult.

For Option-2, the codebook configured by BS can contain several codebooks suitable for various antenna configuration, and UE can achieve efficient selection of desirable codebook or codebook set. However, the design of the corresponding codebook is still very hard taking into account numerous possible antenna configurations for UE.

For Option-3. UE can report some antenna configurations, like antenna topology, polarization configuration, the number of vertical/horizontal panel, the number of vertical/horizontal elements within one panel, the number of TXRU and virtualization methods, the maximal resolution of beams and so on. Subsequently, BS generate the UL codebook accordingly. Compared with Option-1&2, BS can achieve more efficient codebook configuration after obtaining the antenna configurations of UE and scenario information. Owing to the requirement of definition of antenna configuration, only portion of classical configuration can be standardized.  

Therefore, it can be observed that Option-3 has better flexibility for the design of UL codebook besides performance advantage.  
Proposal 1: UE reports its antenna configuration related parameters to the BS for codebook configuration for UL transmission 

Note that in all these options, the BS can indicate the UE a beam group under the configured codebook.  It’s up to UE’s decision on which particular beam in the beam group is used for actual transmission.  In this case, it allows certain flexibility but still ensures the UE to transmit in a proper direction which the BS can still receive the UL transmission with the determined receive beam and has the control on the interference generated to neighboring cells.  In such case, it is between BS centric and UE centric approach.  
Proposal 2: Beam group in UL codebook is indicated by BS for UL transmission. The UE has certain flexibility to decide which particular beam/precoder in the beam group for actual transmission.
For DL signaling, there are two level DCI [1] and one level DCI. For two level DCI, the first level DCI contains the common signaling field for all transmission schemes, and indicates the existence of the second level DCI which contains transmission scheme specific signaling. However, when UE is configured to close-loop transmission scheme, the existence of subband W2 is on condition that first level DCI contains wideband W1, the signaling overhead of  W1 can’t be saved when W1 is a long-term parameter and W2 is a short-term parameter. For one level DCI, PMI and other signalling are included in one single DCI. One level DCI can be a unified design for uplink and downlink transmission schemes. 

Proposal 3: One level DCI can be supported considering the unified design for uplink and downlink transmission schemes.
3. Conclusion
In this contribution, we discuss the codebook-based transmission for NR. From the above discussion, we have the following proposals:
Proposal 1: UE reports its antenna configuration related parameters to the BS for codebook configuration for UL transmission

Proposal 2: Beam group in UL codebook is indicated by BS for UL transmission. The UE has certain flexibility to decide which particular beam/precoder in the beam group for actual transmission.

Proposal 3: One level DCI can be supported considering the unified design for uplink and downlink transmission schemes.
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