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Introduction
In RAN1#89, the following agreements were made [1]: 
	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.



Based on the submitted contributions in RAN1#89 for this agenda item, the following issues are identified and summarized in the following sections.   
1. UL codebook design principle
2. UL codebook structure
3. DL control signaling for frequency selective precoding

UL codebook structure 
The following design principles are proposed:
· Alt-1: NR supports UL codebook at least for a single panel: CATT, OPPO, ZTE, LG, Docomo, Qualcomm, Nokia, Intel
· Alt-2: common framework for single-panel and multi-panel: CATT, Ericsson, Huawei
· Alt-3: different codebook for single-panel and multi-panel: 
We made the following proposal according to companies’ views:
Proposal 1: the UL codebook for a given number of APs should take a wide variety of antenna/panel configurations into account, including at least the single and multi-panel configurations referring to 36.802 section A2.1
· Config-1: panels with the same orientation 
· Config-2: panels with different orientation
· FFS: identify UEcapability with respect to inter-port/resource coherent transmission
For config-1, consider to define a codebook for both single-panel and multi-panel case.
For config-2, support the UL codebook for single-panel case. FFS: multi-panel codebook.
FFS: whether or not to define a codebook to support both configurations.


UL codebook structure 
There two options for the UL codebook structure:
· Single-stage codebook: CATT, Ericsson, Nokia(wideband transmission), Intel
· Two-stage codebook: LG, Huawei, Samsung, Nokia(frequency selective transmission), MediaTek
MediaTek also proposed to define beam selection codebook when beamformed SRS is used due to the phase discontinuity issue.
We made the following proposal according to companies’ views:
Proposal 2: For 2-Tx case, support single-stage codebook. FFS: 4-Tx case.

DL Control Signaling
In terms of the DL subband TPMI indication, there are the following options:
· Couple TPMI & RA: CATT, Huawei, Ericsson 
· Decouple TPMI & RA: Intel
· Wide-band and mid-band indication: IDC
MediaTek proposed different sub-band sizes for different transmit ranks to keep the feedback overhead as a constant.
Ericsson also proposed use single stage DCI to carry TPMI/TRI/SRI for UL precoder and roughly 10 bits can be used as starting point.
We made the following proposal according to companies’ views:
Proposal 3: to better understand the tradeoff of uplink cell throughput gain vs. the overhead of control signalling for down-selection, determine the control signalling for frequency-selective precoding after the codebook is defined.

Listed WF
· WF on UL MIMO		MediaTek

Proposal
After reviewing the contributions, we make the following proposals:
Proposal 1: the UL codebook for a given number of APs should take a wide variety of antenna/panel configurations into account, including at least the single and multi-panel configurations referring to 36.802 section A2.1
· Config-1: panels with the same orientation 
· Config-2: panels with different orientation
· FFS: identify UEcapability with respect to inter-port/resource coherent transmission
For config-1, consider to define a codebook for both single-panel and multi-panel case.
For config-2, support the UL codebook for single-panel case. FFS: multi-panel codebook.
FFS: whether or not to define a codebook to support both configurations.
Proposal 2: For 2-Tx case, support single-stage codebook. FFS: 4-Tx case.
Proposal 3: to better understand the tradeoff of uplink cell throughput gain vs. the overhead of control signalling for down-selection, determine the control signalling for frequency-selective precoding after the codebook is defined.
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