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1. Introduction

For codebook based transmission, the agreements in previous RAN1 meetings are summarized as below:
Agreements:

· At least for the case where single SRS resource is configured and for DFT-S-OFDM, support additional 4Tx rank 1 codebook below
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· Send an LS to RAN4 to inform that RAN1 has agreed to support the above UL codebook (codebook indices 16~27) for 4TX UEs and request feedback from RAN4 (ex: MPR) on feasibility – Peter (will come back on Thursday): Approved in R1-1719044
Agreement:

· For 4 Tx with wideband TPMI, use at least single stage DCI

· FFS for 2 stage DCI

· For wideband TPMI, for NR 4 Tx codebook for CP-OFDM, downselect one of:

· Alt 1: Rel-10 UL, possibly with additional entries: 

· Alt 2: Rel-15 DL, possibly with additional entries: 

· Alt 3: Rel-8 DL, possibly with additional entries

· Evaluate performance of candidate codebooks & decide by RAN1#91
Agreement:

NR supports 3 levels of UE capability for UL MIMO transmission 

· Full coherence

· All ports can be transmitted coherently

· Partial coherence

· Port pairs can be transmitted coherently

· Non-coherence

· No port pairs can be transmitted coherently

TPMI codewords from the codebook are used by gNB accordingly
Agreement:
For 1 SRS resource

· Full coherence

· All ports corresponding to ports in an SRS resource can be transmitted coherently

· Non-coherence

· All ports corresponding to ports in an SRS resource are not transmitted coherently

· Partial coherence

· Ports pairs corresponding to ports in an SRS resource can be transmitted coherently

Agreement:
· In RAN1#91, decision will be made whether, in addition to codebook based transmission using one SRS resource, codebook based transmission using multiple SRS resource including non-coherent inter-SRS resource transmission is supported

· Non-coherent inter-SRS resource transmission: 

· FFS: use of two DCI, with one TPMI per DCI

· One TPMI/TRI per SRS resource is signaled 

· Note: Indication of selection of multiple SRS resources was agreed
Working assumption in email discussion:
· For UL codebook based transmission with one SRS resource and a given number  of SRS ports, NR supports overhead reduction for TPMI and TPMI related signaling . 
· Note: TPMI is indicated in uplink DCI
· Note: Joint or separate encoding of TPMI with TRI and/or SRI is a separate issue

· Other details are FFS
This contribution is revised of R1-1718024 with update for some aspects. In this contribution, we further discuss the design of uplink codebook based on the current agreements.
2. Discussion
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 it is the last meeting for this version of specification, it is not recommended to introduce a 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 or in further release (e.g. until June 2018). If there are multiple panels at UE side, multiple SRS resources could be configured for the panels and panel selection can be achieved via selection of SRS resource(s). SRI can be reused to select a panel from multiple panels as well as the beam(s) in the panel without additional specification impact. 
For simultaneous PUSCH/SRS transmission from multiple panels, e.g. coherent or non-coherent inter-SRS resource transmission, there are many issues needs to be solved/discussed based on multiple SRIs. 
· RI/PMI should be signaled per SRI. The DCI overhead of RI/PMI/SRI indication will be significantly increased with multiple SRIs especially when frequency selective precoding is configured.
· New definition of TPMI needs to be introduced for coherent transmission. 
· Grouping of SRS resources should be supported: some SRS resources can be transmitted simultaneously, while some cannot. It should be clearly defined in UE with details.
· Since the transmit power is associated with beam indication (e.g. SRI) for PUSCH, if PUSCH/data layers with different beam (SRI) can be transmitted simultaneously, the current power control should be enhanced. New power control mechanism to support panel/layer specific power control needs to be carefully studied. 
· It was agreed that whether frequency selective precoding is supported is depended on the number of PUSCH transmission port. If inter-SRS resource transmission is supported, it is unclear whether the number of port is decided per SRS resource or per transmission.
In RAN plenary in September, the PUSCH transmission on multiple panels is deprioritized. Considering there are many remaining issues in MIMO section, coherent or non-coherent inter-SRS resource transmission should not be discussed before December 2017 in phase 1. If there is requirement and potential gain for further enhancement for multi-panel case, it can be further studied and evaluated in 2018 or in phase 2.
Proposal 1: NR only supports uplink codebook design for single panel before December 2017.
Proposal 2: Coherent or non-coherent inter-SRS resource transmission is not considered before December 2017 and only single SRI/RI is indicated in UL grant for codebook based transmission.
It was agreed that frequency selective precoding can be configured by gNB if the PUSCH transmission port is equal to or larger than 4. However, there is no clear definition on the terminology of “transmission port” by now. For codebook based transmission, it was agreed that the TPMI is used to indicate preferred precoder over the SRS ports in the selected SRS resource by the SRI. It is natural that whether subband TPMI is needed should be correspondingly depended on the number of SRS ports in the selected SRS resource by the same SRI. 
Proposal 3: The transmission port to determine frequency selective precoding is the antenna port number of the SRS resource indicated by SRI in UL grant for codebook based transmission.
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 ports 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 4: Single stage codebook is sufficient for single panel with up to 4 ports.
Proposal 5: For frequency selective precoding, differential indicator can be considered to reduce DCI.
For 4Tx case with CP-OFDM waveform, the Rel-10 UL codebook is not appropriate since PAPR is no longer an issue and a codebook targeting high spectrum efficiency is expected. Also, the benefit of beamforming based dual stage codebook similar to the codebook for 4 antenna ports in Rel-15 DL is also unclear considering UL beam management with analog beamforming has been supported. Among the three options, the Rel-8 DL codebook for 4 antenna ports is more appropriate for this case. Considering this codebook is applied to both subband and wideband precoding in Rel-8 DL, it can be also applied to frequency selective precoding in UL.
Proposal 6: For 4Tx case with subband or wideband TPMI, reuse Rel-8 DL codebook in LTE for CP-OFDM waveform unless additional codewords can provide gains in evaluation.

In LTE, a UE configured with UL mode 1 should detect two DCI formats respectively for single Tx port and UL MIMO transmission. The UL MIMO transmission can dynamically fall back to single Tx port in some non-ideal scenarios, e.g. high speed scenarios. In NR, uplink transmission should support the speed of up to 350km/h. In this high speed, performance of close loop MIMO transmission would be significantly degraded due to inaccurate CSI estimation. Then to ensure stable transmission rate, dynamic fallback to single Tx port transmission is also needed in NR. In the single Tx port transmission, analog beamforming and TxD can still be supported. Hence, for a UL-MIMO capable UE, two DCI formats can also be introduced for UL MIMO similar to LTE.
Proposal 7: An UL-MIMO capable UE can use single Tx port transmission as a fall back mode based on a different fall back DCI like in LTE.
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: NR only supports uplink codebook design for single panel before December 2017.

Proposal 2: Coherent or non-coherent inter-SRS resource transmission is not considered before December 2017 and only single SRI/RI is indicated in UL grant for codebook based transmission.

Proposal 3: The transmission port to determine frequency selective precoding is the antenna port number of the SRS resource indicated by SRI in UL grant for codebook based transmission.
Proposal 4: Single stage codebook is sufficient for single panel with up to 4 ports.
Proposal 5: For frequency selective precoding, differential indicator can be considered to reduce DCI.
Proposal 6: For 4Tx case with subband or wideband TPMI, reuse Rel-8 DL codebook in LTE for CP-OFDM waveform unless additional codewords can provide gains in evaluation.

Proposal 7: An UL-MIMO capable UE can use single Tx port transmission as a fall back mode based on a different fall back DCI like in LTE.
