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1. Introduction

Both UL transmission Scheme A (codebook based transmission) and Scheme B (non-codebook based transmission) are support in NR to meet the UL spectrum efficiency requirement. For Scheme A, codebook design is essential to ensure transmission performance. The agreements in previous RAN1 meetings are summarized as below:
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.
Agreements:

· For DFT-S-OFDM, use rank 1 precoders from table below for 2 Tx with wideband TPMI only

· Note: in the following table “codebook index” should be called “TPMI index”
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Agreements:
· For CP-OFDM

· At least TPMI indices 0-3 for rank 1 and TPMI indices 0 and 1 for rank 2 are used

· One of the two following Antenna port selection mechanisms is supported; 

· Decide among the two alternatives in RAN1# 90bis

· Alt 1: TPMI indices 4 and 5 for rank 1, and 2 for rank 2, from the above table are used for CP-OFDM

· Alt 2: SRI indicates selected antenna ports

Agreements:
· For 2 Tx, use single stage DCI with a semi-statically configured size to convey TPMI, SRI, TRI in Rel-15

· Total combined DCI size of TPMI, TRI, and SRI does not vary with PUSCH resource allocation for single stage DCI

· Specify UE capability identifying if UL MIMO capable UE can support coherent transmission across its transmit chains

· FFS: if UE capability identifies if coherent transmission is supported on all of, vs. none of, vs. on a subset, of its transmit chains

· FFS: how UL MIMO precoding design takes into account the above capability
This contribution is revised of R1-1713241 with update according to the latest agreements. In this contribution, we further discuss the design of uplink codebook based on the agreement.
2. Discussion
In LTE, gNB would configure one or more SRS resource and determine uplink antenna ports associated with uplink codebook based on the UE report on the antenna configuration at UE side. In NR, there may be multiple panels at UE side, and the uplink codebook is highly related to how many panels are enabled for signal transmission, no matter which of the three design principles is applied. For gNB to determine the required number of SRS resources for single/multiple panels, the number of antenna ports in each resource (panel), and the corresponding uplink codebook, UE should report the number of panels and antenna port number per panel to gNB. UE may also report the other beam related information, e.g. supported number of UL Rx beams.
Proposal 1: UE should report the antenna/beam configuration to gNB which at least including the number of panels, antenna port number per panel and required number of resources for Rx beam sweeping.
To down select among the three design principles, performance, standardization effort and UE complexity should be taken into count. We compare the three alternatives as below. 
· Alt.1:
· Pros: LTE codebook design based on single panel can be reused as much as possible to reduce the specification effort and ensure performance for single panel case.
· Pros: Multiple panels can be supported in a compatible way with little additional signaling and low UE complexity.
· Cons: The codebook may not be optimal for multi-panel case.
· Alt.2:
· Pros: Only single codebook which is expected to be optimized for both single and multiple panels is needed.
· Cons: The codebook would be very complex to be applicable to different number of panels.
· Cons: A fully new codebook different from that in LTE would be introduced and an amount of performance evaluation is needed for new codebook design.
· Alt.3:
· Pros: The codebooks could be optimized respectively for singe panel and multiple panels.
· Cons: Multiple codebooks would increase the specification effort and UE complexity.
· Cons: A new codebook is needed for multi-panel case and an amount of performance evaluation is needed for new codebook design.
In LTE, the uplink codebook was agreed based on long discussion and a lot of performance evaluation. However, the time and energy to perform similar evaluation and discussion is not allowed for most companies in NR, considering the time limitation of the WI and tight schedule of the 3GPP meetings. In this case, it is not recommended to introduce a fully new codebook design for uplink or make much effort to optimize the uplink codebook for a new scenario except necessary. For NR mobile equipment, single panel is expected to be a more common configuration and should have higher priority. It is proposed to optimize the uplink codebook for single panel first, and then support multiple panels based on single panel codebook in phase 1. For example, the SRI can be reused to select a panel from multiple panels via configuration of SRS resource for each panel. If there is requirement and potential gain for further enhancement on multi-panel case, it can be further studied and evaluated in phase 2.
Proposal 2: NR supports uplink codebook design for single panel, and further supports multiple panels via possibly additional information, e.g. panel selection via SRI.
For UE with single panel, single stage or dual stage codebook can be considered. For a panel with 2 antenna ports, dual stage codebook is clearly not needed. For the case of 4 antenna ports, the benefits of beamforming based dual stage codebook similar to that for 4 antenna ports in downlink is also unclear since the antenna correlation at UE side is lower than that at gNB side. With UL beam management for analog beamforming, additional codebook design for digital beams should be justified with performance gain. Single stage codebook could be sufficient for single panel with up to 4 Tx even with frequency selective precoding.
If single stage codebook is adopted for frequency selective precoding, one PMI based on the codebook can be indicated by gNB for each subband. If the number of subband is large, the DCI overhead would be significant. Considering the channel variety is slow between adjacent subbands, differential signaling can be considered to reduce the overhead. For the first subband, a full PMI can be indicated to UE. For other subbands, the PMI can indicate the index in a codeword set with limited codewords associated with the codeword in previous subband. For example, 4 bits can be used to indicate the full PMI for the first subband, and 2 bits for each other subband assuming the same codebook size as the LTE UL codebook.
Proposal 3: Single stage codebook is sufficient for single panel with up to 4 Tx.
Proposal 4: For frequency selective precoding, differential indicator can be considered to reduce DCI overhead, e.g. 4bits for the first subband, and 2 bits for each other subband.
For 2Tx case, two alternatives were discussed to support antenna port selection mechanism. With Alt.1, the used antenna port is indicated by TPMI via additional two codewords in 2Tx codebook. The antenna port is signaled via SRI by Alt.2 and one single port SRS resource would be configured to acquire the CSI on each antenna port. Between the two alternatives, Alt.1 is preferred considering two aspects:
· With Alt.1, the same two port SRS resource can be shared by antenna port selection and multiple antenna port transmission. Based on the SRS resource, gNB can dynamically decide whether both antenna ports are used for PUSCH transmission or which antenna port is used if antenna port selection is applied according to the channel quality in the two ports. If Alt.2 is applied, the flexibility of dynamic switching would be lost unless additional SRS resources are configured.
· SRS antenna switching is supported in NR, and the transmit antenna could be switched in a TDD manner for a SRS resource with 1 or 2 ports. The TPMI indices 4 and 5 for rank 1 in the table can be reused to indicate the selected transmit antenna for PUSCH transmission based on antenna switching within a SRS resource, at least for UE with single antenna port and 2 physical antennae. However, the SRI can only support antenna port selection, and transmit antenna selection for single antenna port needs additional signaling.
For 4Tx case for single panel, the LTE codebook should be reused as much as possible to reduce the specification effort. For DFT-S-OFDM waveform, the uplink transmission scheme on single panel is the same as that in LTE, and it is straightforward to reuse the Rel-10 UL codebook in LTE, since the codebook has been fully evaluated and can achieve a low PAPR. For CP-OFDM waveform, the low PAPR codebook is not appropriate and a codebook targeting high spectrum efficiency is expected. The Rel-8 DL codebook for 4 antenna ports can be reused for this case. A new codebook can also be considered if it is widely evaluated by companies and proved to be able to provide significant gain. It is no realistic with the limited time in phase 1, so further enhancement can be further considered in phase 2.
Proposal 5:  For 2 Tx case, if antenna port selection is supported, use Alt.1 (TPMI indices 4 and 5 for rank 1, and 2 for rank 2, from the codebook table) for CP-OFDM waveform.

Proposal 6:  For 4Tx case for sing panel, reuse the Rel-10 UL codebook and Rel-8 DL codebook in LTE respectively for DFT-S-OFDM and CP-OFDM waveform.
3. Conclusions
In this contribution, we discuss the design of uplink codebook for NR. It is proposed to simplify the codebook design and reuse current codebook as much as possible. To summarize, we propose that:
Proposal 1: UE should report the antenna/beam configuration to gNB which at least including the number of panels, antenna port number per panel and required number of resources for Rx beam sweeping.
Proposal 2: NR supports uplink codebook design for single panel, and further supports multiple panels via possibly additional information, e.g. panel selection via SRI.
Proposal 3: Single stage codebook is sufficient for single panel with up to 4 Tx.
Proposal 4: For frequency selective precoding, differential indicator can be considered to reduce DCI overhead, e.g. 4bits for the first subband, and 2 bits for each other subband.
Proposal 5:  For 2 Tx case, if antenna port selection is supported, use Alt.1 (TPMI indices 4 and 5 for rank 1, and 2 for rank 2, from the codebook table) for CP-OFDM waveform.

Proposal 6:  For 4Tx case for sing panel, reuse the Rel-10 UL codebook and Rel-8 DL codebook in LTE respectively for DFT-S-OFDM and CP-OFDM waveform.
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