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[bookmark: _GoBack]In the previous meetings, downlink QCL issues in NR were discussed a lot [1]. In this contribution, we discuss QCL related procedure for uplink.
Uplink QCL procedure
Beam management is introduced for NR to make the system operate more efficiently for system band up to 100GHz. For multi-panel UEs, multi-beams can be formed from different panels separately or jointly to further improve the system reliability or capacity. 
Multi-panels at UE may not be QCL-ed in some large scale parameters (e.g., spatial parameters, delay, gain) because their orientations are different depending upon the UE panel configuration. In some cases, even ports in the same panel cannot be assumed that they are QCL-ed. This implies that TRP needs to know the QCL information of UL antenna ports for channel estimation and TRP Rx beamforming or transmission. However, the TRP does not necessarily need to know the actual antenna architecture of the UE. 
Observation 1: TRP needs to know the QCL information of UL antenna ports for channel estimation and TRP Rx beamforming or UL Tx beamforming.
There are two alternatives for the TRP to obtain the UL QCL information from a UE:
Alt 1: UL QCL information is reported by the UE to the TRP
Alt 2: UL QCL information is derived by the TRP via uplink beam measurement
For Alt1, the UE doesn’t know the UL Rx beam information, hence not accurate QCL information is reported to the TRP, but it can help save some uplink beam measurement procedure. For Alt2, uplink beam measurement procedure needs to be introduced. 
An example of uplink QCL procedure for intra-TRP case is as follows:
1) If no uplink beam port QCL information is available at the TRP, the TRP configures the uplink beam transmission ports (e.g., SRS ports) Then the TRP determines the QCL properties among the beam ports, e.g., via measurements. The UE antenna architecture is transparent to the TRP.
2) Based on the obtained QCL information, the TRP schedules the corresponding uplink transmissions. For illustration purpose only, we consider multi-panel UE and assume there are only two panels at the UE side and each uplink port is mapped to each panel. If these two ports is QCL-ed, the TRP may always schedule two ports coherently. However, if the TRP measures and determines these two ports are not QCL-ed, the TRP can thus schedule non-coherent transmission for the UE.
3) After the TRP schedules transmissions for the UE, the TRP makes use of these QCL information to receive the data (e.g., use the same Rx beams for the QCL-ed ports) and demodulate the respective data (e.g., assume the same channel estimation for the QCL-ed ports).
Note: for transmission and reception, the TRP may use different groups of QCL parameters respectively.
Through this procedure, the TRP doesn’t need to be aware of how many panels there are and how they are structured at the UE side. This will simplify the UL MIMO operations. Figures 1 and 2 show respectively the cases for Non-QCL-ed and QCL-ed uplink transmission ports.
For inter-TRP case, we assume multi-panel UE, the procedure is similar. Each TRP determine its separate QCL information for different multi-panel ports. Depending upon different inter-TRP cooperation mode, either coherent or non-coherent transmission mode can be used, and different reception scheme, e.g., either coherent reception or non-coherent reception can be used.
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Figure 1. Non-QCL-ed Uplink Transmission Ports
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Figure 2. QCL-ed Uplink Transmission Ports
Observation 2: Uplink measurement may be used by the TRP to determine the QCL among different UL transmission ports. Based upon that, the TRP can determine the channel estimation and TRP Rx beamforming for UL antenna ports and UL Tx beamforming used for the UE.
Proposal 1: It is FFS whether Alt1 or Alt2 should be used in the uplink QCL procedure.
Conclusions
This contribution discusses uplink QCL issues. The following is observed and proposed.
Observation 1: TRP needs to know the QCL information of UL antenna ports for channel estimation and TRP Rx beamforming or UL Tx beamforming.
Observation 2: Uplink measurement may be used by the TRP to determine the QCL among different UL transmission ports. Based upon that, the TRP can determine the channel estimation and TRP Rx beamforming for UL antenna ports and UL Tx beamforming used for the UE.
Proposal 1: It is FFS whether Alt1 or Alt2 should be used in the uplink QCL procedure.
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