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1 Introduction
In RAN1#89 meeting, following agreements were made on UL codebook design principles: 
Agreements:
· One of the following UL codebook design principles is down-selected until next meeting.
· Alt1:
· NR supports UL codebook at least for a single panel. 
· Note: This does not preclude the use of components of single panel UL codebook for multi-panel.
· FFS on multi-panel UL codebook
· Whether or not support additional components (e.g., panel co-phase)  
· NR supports a UL codebook optimized for single-panel and support multi-panel via indicating multiple TPMIs
· Focus on single panel based UL codebook design first, then support multi-panel via selecting a panel via SRI or indicating TPMI per SRS resource.
· Alt 2: 
· Focus on designing a common framework UL codebook for single-panel and multi-panel
· Alt 3: 
· Design different UL codebooks for single-panel and multi-panel, respectively.
· Codebook details are FFS 
· Existing LTE codebooks should be considered as baseline.
On frequency-selective precoding for UL transmission, following agreements were made in RAN1 #89 meeting:
Agreements:
· When the number of transmission ports is less than or equal to 2, frequency selective precoding is not supported for both schemes A and B
· When the number of transmission ports is >2, frequency selective precoding for CP-OFDM can be configured by gNB for both schemes A and B
· FFS how to support/indicate frequency selective precoding (including potentially spec-transparent support)
· Note: frequency-selective TPMI is to be discussed separately
In this contribution we provide our views on UL codebook design and control signaling design for frequency-selective precoding. 
2 Discussion
2.1 Codebook design for UL transmission 
For NR UL MIMO, both DFT-S-OFDM waveform and CP-OFDM waveform are supported. DFT-S-OFDM waveform is typically used for cell-edge UEs, thus only single layer transmission is supported. Considering uplink transmission power utilization and coverage, low Cubic Metric (CM) is desirable. As CP-OFDM waveform is typically used in non-power limited scenarios, PAPR is not a critical issue. Therefore, codebook design for the two waveforms can be considered separately.
2.1.1 Codebook for DFT-S-OFDM waveform
As mentioned above, low CM properties have to be kept for the codebook design of DFT-S-OFDM waveform. For UL transmission, the received signals from different UE antennas may have considerable power differences. Such differences can occur due to a number of reasons, including typical channel fading, shadowing by hand grip as well as difference in attenuation between the two polarization directions. This can be seen as the cases of Tx antenna imbalance. In order to efficiently utilize UE power in the presence of Tx antenna imbalance, it is expected that the antenna selection codewords are included in the rank 1 codebook. 
The LTE UL codebook for both 2Tx and 4Tx ports are designed with low CM precoders and precoders for antenna selection, it can be considered for NR DFT-S-OFDM waveform. 
Proposal 1: Reuse the LTE Rel-10 UL MIMO 2Tx and 4Tx rank1 codebooks for DFT-S-OFDM waveform.
2.1.2 Codebook for CP-OFDM waveform 
2.1.2.1 Multi-panel configuration
UEs can have different antenna structures depending on UE vendor’s choice. Therefore, varieties of UE antenna structures have to be considered. There is still no assumption on typical antenna structure or multi-panel structure at UE side for NR MIMO due to the uncertain UE antenna structures.
As UE’s antenna structures are of uncertainty, signals coming from some panels may have similar properties, while signals coming from other panels may have different TA, different pathloss, or different phase noise properties. Codebooks for multi-panel scenarios have to take all the conditions into consideration. The codebook design for multi-panel configuration would be very complicated. In order to reduce the complication, one solution is to focus on the codebook design for single panel, and extend the single-panel codebooks to multi-panel. As a solution, the single panel codebooks can be directly used when only one panel is indicated by gNB. Single panel codebooks also can be used for the scenario that multiple layers transmitted from different panels. For example, gNB can indicate several panels to UE, each panel uses a precoder from the single panel codebbok. Considering the limited time to complete NR phase 1, the codebook design for multi-panel can be considered in the future phases. 
Proposal 2: Focus on the single panel codebook design in NR phase 1. 
2.1.2.2 2Tx antenna ports
CP-OFDM waveform is typically used in non-power limited scenarios. Hence LTE DL 2Tx codebook can be considered. As we discussed above, Tx antenna imbalance could be present in uplink, antenna selection codebook for rank 1 should be considered. Therefore, a codebook with the combination of the codebook of LTE UL and LTE DL can be considered, as given in Table 1. For this codebook, the payload of TPMI/TRI is only 3 bits.
Table 1 Codebook for 2Tx antenna ports for CP-OFDM
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Proposal 3: Consider the codebook in Table 1 as 2Tx antenna ports codebook for CP-OFDM waveform. 
2.1.2.3 4 antenna ports
For UL MIMO, UE typically operates in a multi-scattering environment with large angular spread of departure and hence cannot in general assume high spatial correlation.  Whether the existing DL codebooks are suitable for UL transmission should be carefully studied.
For the UL codebook design, the following aspects need to be taken into account:
· The performance under various channel conditions
· Antenna imbalance 
· Low CM properties 
· The payload of TPMI and TRI.
Tx antenna imbalance could be present in uplink, for 4Tx codebook, antenna selection codewords for rank 1 should be considered. Although PAPR is not a critical issue for CP-OFDM waveform, for the codebooks with similar performance, the codebook with lower CM is preferred.
The following are the existing 4Tx codebooks for LTE and NR MIMO:
· R10 UL 4Tx codebook
· R8 DL 4Tx codebook
· R12 DL 4Tx codebook
· NR DL type I 4Tx codebook
· NR DL type II 4Tx codebook
For the 4Tx codebook with CP-OFDM waveform, one existing codebook or a combination of the existing codebooks can be used with the consideration of the above aspects we listed. 
Proposal 4: For the codebook design of 4Tx antenna for CP-OFDM waveform, the following factors shall be considered:
· The performance under various channel conditions
· Antenna imbalance
· Low CM properties
· The payload of TPMI and TRI.
2.2 Signaling for frequency selective precoding transmission
According to agreements in RAN1#88bis, if UL frequency selective precoding is supported, there are two alternatives for subband TPMI signaling:
· Alt 1:Subband TPMIs are signaled via DCI to the UE only for allocated PRBs for a given PUSCH transmission 
· Alt 2:Subband TPMIs are signaled via DCI to the UE for all PRBs in UL, regardless of the actual RA for a given PUSCH transmission
In order to avoid increasing PDCCH blind detection complexity, DCI payload for subband TPMI is not expected to be variable with the resource allocation of PUSCH transmission. Therefore, DCI payload for Alt 1 should be constant. The following methods can be considered to ensure the constant subband TPMI payload:
· Method 1: Adjusting TPMI payload per subband according to the number of subbands for a given PUSCH transmission.
In this method, when number of allocated subbands is large, the corresponding TPMI bits per subband is small and vice versa. For example, assume that the total DCI bits for subband TPMI indication is 12 bits. When the number of allocated subbands is 4, the corresponding TPMI bits per subband shall be 3; when the number of allocated subbands is 3 the corresponding TPMI bits per subband shall be 4. Although this method can ensure the constant subband TPMI payload, it may not be feasible for the scenarios with large number of subbands. For example, if the number of subbands is larger than the available DCI payload for subband TPMIs indication, subband TPMIs for all subbands cannot be indicated.
· Method 2: Adjusting the subband size according to resource allocation for a given PUSCH transmission.
In this method, the payload of per subband TPMI is fixed, the subband size is adapted to the resource allocation. As the total DCI payload for subband TPMIs is constant, and the TPMI payload per subband is also constant, the number of subbands that can be supported is fixed. The problem of this method is that when subband size becomes very large then the potential subband precoding gain is lost.  
A combination of the two methods can be considered to alleviate the disadvantages of the two methods:.
· Method 3: The subband size is varying within the allocated subbands number ranges, meanwhile the TPMI payload  per subband is varying with the number of allocated subbands number.
This method means a fixed subband size is configured for a given range of allocated PRBs number. For the allocated PRBs number in another range, another subband size is configured. For example, it can be configured that when the allocated PRBs number is 10-50, the subband size is 10 PRBs; when the number of allocated PRBs is 51-100, the subband size is 20 PRBs. With these configurations, the number of subband can be constrained. Then the payload of TPMI per subband is adjusted to the allocated PRBs number. 
The three methods of Alt 1 mentioned above are under the assumption that only one DCI is used. For Alt 1, two-stage DCI also can be considered, i.e., the 1st DCI contain the TPMIs for all allocated PRBs, and the 2nd DCI contains all other information. If the two DCI are always transmitted in each UL grant, there is no payload increase compared to the single DCI. If the 1st DCI is seldom transmitted and 2nd DCI is transmitted more often, DCI overhead can be saved. In order to make sure TPMI doesn’t stale, the frequency of the transmission of 1st DCI and 2nd DCI may be similar. 
For Alt 2, subband TPMIs are signaled via DCI to UE for all PRBs in UL, regardless of the actual RA for a given PUSCH transmission. If the subband TPMIs are included in a DCI, the payload would be large. Therefore, it is more likely two-stage DCI is considered. The 1st DCI for subband TPMIs for all PRBs in UL, and the 2nd DCI is for UL grant. Then the 1st DCI can be transmitted less frequently than 2nd DCI so that DCI overhead can be saved. Although the 1st DCI can be transmitted separately from the 2nd DCI, if the number of subbands is large, the payload will be extremely large. One way to deal with the problem is transmitting subband TPMIs for all PRBs via MAC CE or PDSCH.
Proposal 5: For UL frequency selective precoding, subband TPMIs are signaled via DCI to the UE only for allocated PRBs for a given PUSCH transmission.
3 Conclusions
In this contribution we discussed principles of UL codebook design and subband TPMI signaling, we have following proposals:
Proposal 1: Reuse the LTE Rel-10 UL MIMO 2Tx and 4Tx rank1 codebooks for DFT-S-OFDM waveform.
Proposal 2: Focus on the single panel codebook design in NR phase 1. 
Proposal 3: Consider the codebook in Table 1 as 2Tx antenna ports codebook for CP-OFDM waveform.
Proposal 4: For the codebook design of 4Tx antenna for CP-OFDM waveform, the following factors shall be considered:
· The performance under various channel conditions
· Antenna imbalance
· Low CM properties
· The payload of TPMI and TRI.
Proposal 5: For UL frequency selective precoding, subband TPMIs are signaled via DCI to the UE only for allocated PRBs for a given PUSCH transmission shall be considered.
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