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Introduction
In RAN1#88bis, the following agreements were made [1]: 
	Agreements:
· Codebook based transmission for UL is supported at least by following signaling in UL grant:
· SRI+TPMI+TRI, where 
· The TPMI is used to indicate preferred precoder over the SRS ports in the selected SRS resource by the SRI.
· No SRI when a single SRS resource is configured
· The TPMI is used to indicate preferred precoder over the SRS ports in the configured single SRS resource.
· Support indication on selection of multiple SRS resources 
· FFS details
Agreements:
· For codebook based transmission for CP-OFDM based UL, when a UE is configured with UL frequency selective precoding and if subband TPMI signaling is supported, support one of the following alternatives: 
· 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
· Other alternatives are not precluded
· Note: Subband TPMI may correspond to W2 if dual-stage codebook is supported
· FFS whether or not wideband TPMI is always signaled along with subband TPMI



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 structure
2. Number of APs for frequency selective precoding
3. DL control signaling

UL codebook structure 
There two options for the UL codebook structure:
· Single-stage codebook: Qualcomm, Ericsson, Nokia(wideband transmission), Intel
· Two-stage codebook: LG, Samsung, Nokia(frequency selective transmission)

Number of APs for frequency selective precoding
For the number of APs X where the frequency selective precoding can be applied, the following options. 
· X=2: Huawei 
· X>4: Qualcomm, Nokia, MTK, CATT
There is also another proposal from Huawei that whether to use frequency-selective precoding is a configuration, and the limitation of X ports in the specification is unnecessary.

DL Control Signaling
In terms of the DL subband TPMI indication, there are the following options:
· Couple TPMI & RA: CATT, Ericsson 
· Decouple TPMI & RA: Intel
· Wide-band and mid-band indication: IDC

List of Current WF
The following related WFs are listed below:
WF on UL codebook design principle  		LG
· UL codebook is designed by assuming a single panel. 
· Codebook details are FFS 
· Existing LTE codebooks should be considered as baseline

WF on UL Codebook Structure			Nokia, CATT
· UL single-stage or dual-stage codebook support is a UE capability.
· If single-stage codebook is supported, the codebook selection is based on gNB wideband and/or subband indication.
· If dual-stage codebook is supported, the codebook structure is based on W=W1*W2 structure
· At least the selection of W1 is based on wideband indication from gNB.
· FFS partial-band indication of W1.
· The selection of W2 can be based on wideband feedback or subband feedback.

NR UL MIMO Signaling Mechanism	Ericsson, Nokia, Alcatel-Lucent Shanghai Bell, Qualcomm, CATT, ZTE
· TPMI, SRI, and TRI are carried in single stage DCI
· Study further the maximum size of TPMI, SRI, and TRI and their combinations
· Note: ~10 bits can be used as an initial estimate

WF on Frequency-Selective Precoding in UL Transmission	Qualcomm, Nokia, ASB, CATT, Ericsson, MediaTek
· For both Scheme A and B, frequency selective precoding is not supported when the number of transmission ports is less than or equal to 4.

WF on frequency-selective precoding in UL transmission 	Huawei
· For UL transmissions:
· Frequency selective precoding for CP-OFDM can be configured by gNB without the limitation of X and Y ports

WF on codebook based UL transmission		Huawei
· For UL frequency selective precoding, NR supports subband TPMI indication to the UE via DCI for the allocated PRBs only
· Subband TPMIs are signaled in the second stage DCI if two-stage-DCI is supported
· Support at least two-stage codebook in NR for codebook based UL-MIMO
· On top of indication of multiple SRS resources selection, support signaling to indicate TPMI across the selected multiple SRS resources in the UL grant for PUSCH precoder determination

Proposal
After reviewing the contributions and the WF, we make the following proposals:
Proposal:
· UL codebook is designed by assuming a single panel
· For CP-OFDM, single stage codebook is used at least when number of transmission port is 2
· LTE Rel-8 DL codebook is the baseline
· For frequency selective precoding, down-select from the following options:
· Option 1: Determine the number of transmission port which could support frequency selective precoding 
· System level simulation is encouraged to determine the number of transmission port
· Option 2: define the frequency selective precoding regardless the number of transmission port
· Determine the codebook for 4 transmission ports after making a decision whether frequency selective precoding can be supported.
· If option 2 is agreed or the number of transmission port supporting frequency selective precoding is equal to or smaller than the maximum number of SRS antenna port.
· Make a decision whether subband TPMI is indicated by single DCI to two stage DCI
· [bookmark: _GoBack]Make a decision whether couple subband TPMI and resource allocation or not
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