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Below is the summary of the NR MIMO offline session on Wednesday afternoon. Three WFs were discussed and the offline agreements were captured below.
R1-168254
WF on UL MIMO transmission 
Huawei, HiSilicon, China Unicom, Samsung, NTT DOCOMO

Offline agreement:
The following aspects for UL MIMO transmission should be supported:

· Transmission schemes/methods for reciprocity calibrated UEs, reciprocity non-calibrated UEs, and non-reciprocity case
· If needed, signalling associated with UL reciprocity based operation is introduced, e.g. UE capability which indicates calibration accuracy
· Whether to differentiate reciprocity non-calibrated UEs from non-reciprocity or not is to be studied
· Note: the number of transmission schemes/methods can be further discussed
· At least one of the following candidate schemes/methods is to be supported
· Candidate 1: Codebook based transmission 
· Frequency selective and frequency non-selective precoding in digital domain can be considered for large system bandwidth
· The support for frequency selective precoding is conditioned on decision on NR waveform(s)
· E.g., BS-centric mechanism analogous to LTE

· E.g., UE–aided and BS-centric mechanism: UE recommends candidate UL precoders from a predefined codebook to BS based on DL RS measurement, and BS determines the final precoder taken from the codebook.
· E.g., UE–centric and BS-aided mechanism: BS provides CSI (e.g. channel response, interference-related information) to the UE, and the UE determines the final precoder based on the information from the BS
· Candidate 2: Non-codebook based transmission 
· Frequency selective and frequency non-selective precoding in digital domain can be considered for large system bandwidth
· The support for frequency selective precoding is conditioned on decision on NR waveform(s)
· E.g., reciprocity based (based on DL RS) transmission only for calibrated UEs
· E.g., UE–aided and BS-centric mechanism:  UE recommends candidate UL precoders to BS based on DL RS measurement, and BS determines the final precoder.
· E.g., UE–centric and BS-aided mechanism: BS provides CSI (e.g. channel response, interference-related information) to the UE, and the UE determines the final precoder based on the information from the BS
· Note: Other transmission schemes/methods are not precluded.

R1-168173 WF on Frequency Selective Precoding for NR UL MIMO
Samsung, Intel, NTT DOCOMO, Huawei
Offline agreement

· Study UL precoder signaling for frequency selective/non-selective precoding
· Example 1: Signaling of single or multiple PMIs via DL control and/or data channels
· Multiple PMIs can be signaled via a single DCI or multi-level DCI (1st level DCI contains a location indication to the 2nd level DCI)
· Example 2: For TDD, precoder calculation at the UE based on DL RS 
· Notes: 

· The feasibility of frequency selective precoding is conditioned RAN1 decision on, e.g. NR frame structure, waveform(s)
· Impact on other system design aspects (e.g. DL control channel decoding performance/complexity) should be considered.
· Study the use of UL frequency selective precoding for precoded transmission including precoder cycling
· For frequency selective precoding, study UL precoding granularity (i.e. UL subband size) considering following aspects
· Implicit (defined by spec.) or explicit (by eNB/UE decision) signaling support
· Whether to align with DL or not
· Evaluation should include UL specific aspects such as CM analysis according to UL waveform, etc.
· Study of frequency non-selective precoding is of higher-priority 
QCL
R1-167970 WF on the antenna ports QCL in NR
Intel, LGE, Ericsson, Samsung, InterDigital, Huawei/HiSilicon
Offline agreements:
· All physical channels and reference signals in NR are transmitted using antenna ports
· Agree as working assumption the following antenna port definition for NR (same as in LTE)
· An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed. 
· Working assumption: Parameters for antenna port QCL in NR includes at least
· Average gain, average delay, delay spread, Doppler shift and Doppler spread (same as in LTE)
· Additional parameters are FFS 
· FFS whether the QCL or other means can be used for UE beamforming management
· The following QCL assumptions for DM-RS antenna ports in NR are for further study

· QCL across DM-RS antenna ports

· All the DMRS antenna ports are QCL-ed with each other

· Not all the DMRS antenna ports are QCL-ed with each other
· QCL across scheduled PRBs for DM-RS antenna port 
· QCL among DM-RS antenna port groups
· QCL of DM-RS antenna ports with antenna ports of other reference signals (RS to be defined in NR) 
· Other assumptions are not precluded

· Note: The antenna ports of demodulation reference signal (DM-RS) in NR are used to transmit at least physical data and, possibly, control channels and used at the UE for demodulation.
