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1
Introduction
In the last RAN1 Spokane meeting, this WF on UL MIMO transmission is agreed [1]:

	· Support at least the following UL transmission schemes for data in NR

· Scheme A: Codebook based UL transmission

· Support frequency selective precoding for CP-OFDM when the number of transmission port is greater than X (FFS: Value of X).

· Study codebook design including single-stage and multi-stage, e.g., W1W2 structure, codebook 

· Study the following DL signaling, e.g.,

· One level DCI

· Two level DCI

· MAC CE

· DCI associated with PDSCH (like UCI associated with PUSCH in LTE)

· Scheme B: Non-codebook based UL transmission

· Support frequency selective precoding for CP-OFDM when the number of transmission port is greater than Y (FFS: Value of Y).

· Support the indication of DL measurement RS for UE to calculate candidate precoder

· Study the mechanisms for UL precoder determination, e.g. precoded SRS based, non-precoded SRS based, hybrid precoded and non-precoded SRS based

· Diversity-based transmission schemes

· FFS: Whether the scheme has specification impact or not

· FFS: Merging of the schemes

· Support rank determination by gNB

· Support PRB bundling for CP-OFDM

· Study configurability of PRG size for CP-OFDM

· Study the PRG size

· FFS: Single port transmission is supported for the UE capable for multiple antenna port transmission.




Based on the submissions [2]-[13] in RAN1 #88bis meeting on this agenda, these major issues are identified and the related summaries are provided in the remaining sections:

· Frequency selective precoding

· Calibration for reciprocity based transmission

· SRS-related issues
· DCI contents for UL-related transmission

2
Frequency selective precoding
The agreed WF in [1] indicates that “Support frequency selective precoding for CP-OFDM when the number of transmission port is greater than Y (FFS: Value of Y)”. Here is the summary for the value of Y:

· Y=4 (QCOM, R1-1705577; Nokia R1-1705955)

· Y=2 when the port is SRS (HW, R1-1705077)
On the interpretation of the “TX ports”, there is the summary:

· PUSCH port (Nokia, R1-1705955)

· SRS port (QCOM, R1-1705577)
There is also a proposal on the configuration of frequency-selective from HW (R1-1705077), as

· Whether to use frequency-selective is a configuration, and the limitation of Y ports in the specification is unnecessary.
3
Calibration for reciprocity based transmission
For reciprocity based UL transmission, this is the summary on the Tx/Rx calibration:
· Need TX/RX calibration (CATT, R1-1704547)
· Consider indication of UE state of calibration (Interdigital, R1-1705504).
A Tx/Rx calibration model and simulation results are provided (Interdigital, R1-1705504).
4
SRS related issues

This is the summary for SRS related issues to support non-codebook based UL scheme:

· Support SRS scheme for non-codebook based scheme (ZTE, R1-1704393; Nokia, R1-1705980)
· Support both non-precoded SRS and precoded SRS (Intel, R1-1704720)

· Consider two types of SRS: type-A for UL link adaptation, type-B for UL beam management (LG, R1-1704874)
· Support SRI for non-codebook based (Ericsson, R1-1705886; LG, R1-1704874)

5
DCI contents for UL Tx

The discussion on UL related Tx parameters in DCI is summarized here:

· Consider to merge UL Scheme A and Scheme B (Samsung, R1-1705336)

· Both TPMI and TRI are needed (Samsung, R1-1705336)

· SRI as baseline for non-codebook base UL Tx (LG, R1-1704874)
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