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1. Introduction
In RAN #81 meeting, revised Rel-16 NR MIMO working item was approved and the enhancements on multi-beam operation are agreed as following.
· Enhancements on multi-beam operation, primarily targeting FR2 operation:

· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15
· Specify measurement and reporting of either L1-RSRQ or L1-SINR
In this contribution, we share our views on DL/UL beam management enhancement in Rel-16. 
2. Discussion on DL/UL beam management enhancement
For beam management, it has been widely discussed in Rel-15 and some agreements were made in RAN1. The beam management issues are typically categorized in the following three areas:
· Beam measurement

· Beam reporting

· Beam indication
Although there are agreements achieved in Rel-15, there are some restrictions. The target in the Rel-16 objective is mainly to enhance beam management and reduce latency and overhead reduction:

· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead.
In Rel-15 UL beam management is restricted only based on single UE antenna panel. When multi-panel is adopted in Rel-16, the gNB is unable to control the UL beam refinement on a particular UE panel. This will increase the SRS resources overhead configured for all UE panels, especially for U-2 and U-3 procedures. So the flexible configuration of number of SRS resource sets and size of each resource set need to be considered.
In Rel-15 for beam management, CSI-RS with sub-time units smaller than an OFDM symbol in a reference numerology was discussed however it was not supported. As the number of antennas increases, the gNB will have to configure a large number of RS for beam training, which will occupy a lot of OFDM symbols. So in Rel-16 it can be considered that sub-time unit is shorter than 1 OFDM symbol in a reference numerology to reduce beam switch and refinement latency. The some issues can be evaluated and supported, e.g. IFDMA, larger subcarrier spacing.
In Rel-15, PUCCH is configured for beam reporting. When the channel state changes very little, e.g. the UE is stationary or moving very slowly, the content of current beam reporting is the same or similar to the previous reported content. In this case there is no need to report the beam measurement results repeatedly to gNB. So the aperiodic PUCCH can be configured for beam reporting and event based beam reporting can be considered. When the difference between current and previous beam measurement results is larger than a certain threshold, the UE will report to gNB again. 
In Rel-15 multiple resource sets for beam management and triggering of N>1 aperiodic CSI-RS resource sets with different slots offsets with a single DCI message are not supported. This will reduce the configuration flexibility and increase RS resource overhead in some cases. In Rel-16 for beam refinement the size of CSI-RS resource set can be very small but multiple resource sets are used. So it can be considered that the UE reports CSI-RS resource set indicator(s) for CRI feedback when the gNB configures multiple CSI-RS resource sets for beam management. 
For group based beam reporting, only one group including 2 beams is used for multi-beam transmission. For multi-TRP/multi-panel in Rel-16, the number of groups and number of beams in each group can be increased. Also in order to perform spatial multiplexing or TxD transmission based on group based beam reporting to enhance robustness and data rate, an indication can be introduce in beam reporting, e.g. two beams in a group can be used to transmit 2 data streams.
For UL beam indication the SRI is adopted. But in Rel-16 the UL beam indication can be enhanced, e.g. in DCI message the SRI signaling can be saved, and the CRI/SSBRI are used to indicate the UL beam, especially for UE with beam correspondence. 

In Rel-15 each state of M candidate TCI states are RRC configured with a DL RS set used as a QCL reference. For PDSCH QCL indication, MAC-CE is used to select up to 8 TCI states out of M. The same set of M TCI states is reused for CORESET. When K>1 TCI states are configured per CORESET, MAC-CE can indicate which one TCI state to use for PDCCH QCL state. In Rel-16 the mapping between TCI state and CORESET can be dynamically switched based on flexible gNB configuration to avoid always configuring too many TCI states for CORESET.
For PDCCH and other channels/RSs, the QCL source can be CSI-RS. But the source RS indicated by TCI state for QCL indication cannot be an aperiodic CSI-RS resource. For P-/SP- CSI-RS resource overhead reduction and avoiding the impact of out-of-date, aperiodic CSI-RS resource can be considered as QCL source.
For the cross carrier scheduling, when numerology of PDCCH carrier and PDSCH carrier is different, the scheduling offset threshold should be determined according to numerology of PDCCH or numerology of PDSCH carrier based on reported UE capability. When TCI state is not configured or is configured ‘disabled’ for CORESET scheduling the PDSCH, or when CORESET is not configured or TCI state is not configured for CORESET on PDSCH carrier, the UE expects a default beam for PDSCH reception. 
In summary, there are quite a few techniques that could be used to reduce the overhead and latency for DL/UL beam management. At least the following are discussed in Rel-16:

· Beam measurement overhead and latency reduction

· UL beam refinement
· Sub-time units 

· Beam reporting overhead and latency reduction

· Aperiodic PUCCH

· Event based beam report

· CRI set info report

· Group based beam report

· Beam indication overhead and latency reduction

· Dynamic switch of mapping between TCI states and CORESET
· Aperiodic CSI-RS as QCL source
· Cross-carrier beam indication

· CRI/SSBRI indication of UL beam
Considering the possibly large amount of work involving above various techniques, it is beneficial for the community to evaluate and compare different techniques in different sub-categories separately at least for DL. For UL, the major focus falls in beam measurement, for which SRS for beam management overhead reduction could be considered.

For the methodology of evaluation, system level simulation might be needed since it is part of study and the latency and overhead reduction gain should be justified compared to the baseline supported in Rel-15. 
Proposal 1:

· For DL and UL beam management latency and overhead reduction, different techniques are evaluated and compared in the following three categories separately:
· Beam measurement 
· Beam report (for DL BM)

· Beam indication

Proposal 2: 
· At least for DL beam management latency and overhead reduction, system level simulation should be conducted to justify the gains of each specified technique over Rel-15 NR baseline.

In NR Rel-15, uplink beam indication mechanisms can be reused as power control parameters indication. For PUSCH, the actual tranmission beam/power control parameter is indicated by SRI, and the linkage of them are preconfigured by RRC. For PUCCH, the actual tranmission beam/power control parameter is indicated by MAC CE, and the linkage of them are preconfigured by RRC. For SRS, as SRS is trigger by set level, the tranmission beam/power control parameter are set level preconfigured by RRC.
Generally, to perform accurate and effective power control, beam indication related downlink RS and pathloss reference RS are aligned. However, they can be independently configured in NR Rel-15. That means when uplink and downlink beam pair association was changed, power control parameters may also need to be reconfigured. The overhead of signaling and reconfiguration lantency cannot be ignored. Consequently, signalling overhead reduction can be considered in NR Rel-16.
Proposal 3:
· Overhead reduction for signaling of beam indication RS and pathloss reference RS can be considered.
3. Conclusion

In this contribution, we have the following proposals for enhancements on DL/UL beam management in Rel-16
Proposal 1:

· For DL and UL beam management latency and overhead reduction, different techniques are evaluated and compared in the following three categories separately:
· Beam measurement 
· Beam report (for DL BM)

· Beam indication

Proposal 2: 
· At least for DL beam management latency and overhead reduction, system level simulation should be conducted to justify the gains of each specified technique over Rel-15 NR baseline.

Proposal 3:
· Overhead reduction for signaling of beam indication RS and pathloss reference RS can be considered.
References

[1] RP-182067, Revised WID: Enhancements on MIMO for NR[image: image1.png]



