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In 3GPP RAN Meeting #86, a new work item (WI) on Further enhancements on MIMO for NR (NR_FeMIMO) was approved. Regarding the enhancement on multi-beam operation [1]:
1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1:
a. Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management to support higher intra- and L1/L2-centric inter-cell mobility and/or a larger number of configured TCI states:
i. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
ii. Unified TCI framework for DL and UL beam indication
iii. Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
b. Identify and specify features to facilitate UL beam selection for UEs equipped with multiple panels, considering UL coverage loss mitigation due to MPE, based on UL beam indication with the unified TCI framework for UL fast panel selection 
In this contribution, we provide our views on the multi-beam operation enhancement.
Discussion

Common beam for data/control for DL/UL
UE relies on QCL information to adjust its RX parameters to receive and process downlink channels and reference signals. TCI state is introduced in R15 containing two kinds of QCL information. QCL-Type-D is one kind of QCL information presented in TCI state when applicable to instruct UE how to arm its RX spatial parameters toward the coming downlink channels or reference signals. Downlink beam management framework allows different control/data channels PDCCH/PDSCH and different downlink reference signals CSI-RS for tracking/CSI to be independently configured and indicated with different TCI states. The framework is quite flexible but also it comes with much complexity in signalling and other aspects, e.g. default beams for PDCCH/PDSCH. Uplink beam indications are different for different channel. PUCCH and SRS rely on the spatial relation framework and PUSCH reply directly indication to SRS resource.
For some practical deployment scenarios, the added flexibilities are not utilized and the incurred complexities in terms of latency and overhead become unbearable especially for high UE mobility cases. Often the same downlink beam is shared among all the control/data channels and reference signals. In addition, RAN4 has defined the testing requirements of beam correspondence in which UE derives its uplink beam direction based on the measurement of the downlink reference signal without uplink beam sweeping. Then it is possible that the whole beam indication chain could be streamlined to a simple indication of QCL-Type-D to a single reference signal which can greatly reduce the beam management complexity and signalling latency and overhead. 
Observation 1: In some deployment scenarios, the whole beam indication chain includes downlink control/data channels, downlink reference signals, uplink control/data signals and uplink reference signal may be streamlined to an indication of QCL-Type-D to a single reference signal
So far there is no direct standard support for the beam indication for this common beam scenario. To add the supports we may consider two approaches: one is to complete the missing parts and align the corresponding parts for all the channels/signals. The other approach is to introduce new framework to streamline the beam indication process for this specific case. The work needs to be done for the first approach may include adding the missing default beams for DL reference signals, align the default beams for DL/UL etc. This approach has the benefit of smaller standard changes since the standard has already specified defaults beams for some channels. We only need to add exemptions, switches for the existing ones and add new parts for the mission ones. It also has some disadvantages as following:
· Default beams are defined that the DM-RS ports of target data channel are quasi co-located with or in spatial relation with reference to the RS with 'QCL-Type-D' corresponding to the QCL assumption of the CORESET with the lowest ID. The common beam defined in this way thus only have a single beam direction at one time which is undesirable since we may need to configure UE with more than one beam directions simultaneously to achieve certain beam diversity. Common beam is not necessary to mean single beam only for the connection.
· Default beam for PUSCH is ties to the QCL assumption of the configured CORESET with the lowest ID. This means that once the CORESET configuration is done, the PUSCH beam direction is fixed unless we reconfigured the CORESET. It is undesirable in certain scenarios, e.g. uplink beam/panel switching for MPE mitigation. It is beneficial to have more flexibilities in choosing the uplink beam.
· The standard modifications and additions will be spread over many separate places which is difficult to understand and maintain. 
Consequently, it looks to us that the better approach is to add a new framework to handle the common beam management and indication only. 
Proposal 1: Consider introduce new framework for common beam management and indication
As an example, NW may configure two sets of common beam operation. PDCCH/PDSCH and CSI-RS for tracking/CSI are configured to for each set and with its DMRS/resource have QCL assumption with respect to QCL-Type-D to certain reference signals, e.g. SSB or CSI-RS for beam management. Uplink beams are configured as the correspondence beams of the two downlink common beams. The association of the uplink beam to the downlink common beam should be flexible and could be dynamically changed through the L1 signalling, e.g. reuse the SRI bit field.
Proposal 2: Consider dynamically associate correspondence beams for uplink with downlink common beams by the reuse of SRI bit field
Once the common beam set is configured, mechanism is needed to update the common beams. There are several ways to do it. For example, we may utilize the MAC-CE defined for update QCL assumption of PDCCH search space over CORESET to update the common beam. The update is reliable since the new common beam direction is applied only after the controlling message is acknowledged. The update is also slower compared to the existing PDSCH beam update which is signalled through DCI TCI bit field while it is still useful in some low mobility scenarios. Other faster way for common beam update is to utilize L1 signalling. In [2], it mentions that group DCI may be used for common beam update. Since group DCI is also beamformed, the question is then how its beam is updated fast and reliably? If there is a scheme to achieve that why not just utilize it directly upon the common beam update. These questions need to be clarified so we can better understand the benefit of the scheme. Other straightforward schemes may be delayed beam update for both PDCCH and PDSCH or immediate update for PDSCH and delayed update for PDCCH. Compare these two update schemes, the second one is slightly preferred. Since the beam indication is sent through L1 and there could be erroneous reception, given extra protection on updating PDCCH only after receiving ACK/NACK for the uplink in the target beam direction make the system more stable.
Proposal 3: Consider support common beam update with both MAC-CE and L1 DCI signaling 
For very high mobility scenarios, the propagation channel varies at faster rate, existing beam gets blocked and new beam appears more frequently. If beam management and indication could response fast enough to utilize the stronger channel and new beam, system performance could be improved. Beam updating decision is made by network based on beam measurement report performed and sent by UE, e.g. L1-RSRP or L1-SINR. Often the measurement results are not filtered so it is an instantaneous indication of channel conditions or beam directions. We may consider update common beam without signalling in this case. For example, network may configure PDCCH search space on extra CORESET without QCL assumption initializations. After UE sends beam measurement report on the uplink, UE performs extra blind decoding of PDCCH from search space on the extra CORESET with candidate QCL-Type-D assumption. The candidate QCL-Type-D assumption may be derived from the latest sent measurement report. Both network and UE derive the same candidate QCL-Type-D assumption by following the same agreed scheme. Network may or may not utilize the candidate QCL-Type-D assumption for common beam transmission. 
Proposal 4: Consider support dynamic common beam update based on measurement report

L1/L2-centric inter-cell mobility
Intra-cell mobility could be handled by R15/16 beam management procedure without RRC reconfiguration. Mobility across the cells with beam management involves RRC reconfiguration followed by beam management procedure which takes some time to finish and introduces latency. In high mobility scenarios, the latency causes performance degradation such as more frequent dropped calls, higher chances of entering beam failure recovery procedure, lower throughput and interrupted services. The reason for degradation is the usage of high layer RRC signalling which is very slow compared to L1/L2 signalling. While beam management should be a L1 work. Its purpose is to provide robust L1 signal pipe, on top of that high layer signalling and procedures can be built. To support high mobility inter-cell mobility, the signalling and procedure for beam management should be separated from other procedures, e.g. handover.
Proposal 5: Consider decouple the signaling and procedure of beam management from handover procedure for inter-cell mobility
As pointed out in [2][3], beam management can be extended across cell with different PCI by simply adding the PCI field in the beam management configurations. The measurement on SSBs from other cells for L3 mobility purpose can be also used for beam management to change QCL source. SSB is periodical signal and may be configured with different beam width and power offset from CSI-RS for beam management. Adequate performance improvement in term of latency reduction and stability need to be confirmed if the beam handover relies solely on SSBs. Otherwise more efficient AP-CSI-RS based beam management may be involved. 
Note that RAN2 specified the DAPS-HO in R16. After the DAPS HO command is received, the UE starts the DAPS procedure to handover to the target gNB while maintaining the connection with the source gNB. UE continues the downlink user data reception from the source gNB until releasing the source cell instructed by the target cell and continues the uplink user data transmission to the source gNB until successful completion of random-access procedure to the target gNB. This DAPS behavior allows DL source data reception continuing for some time after the UE starts the data reception from the target gNB so 0ms interruption is achieved. At the UL, upon successful completion of random access to the target, the UE stops data transmission to the source gNB and starts data transmission to the target gNB. Therefore, at UL, DAPS achieve almost 0ms since there is no overlapped UL data transmission to the source and the target at the same time. In R16, DAPS is only supported in FR1 since UL simultaneous transmissions to both the source and the target when UE beam forming is not enabled in FR2. To maximize the inter-cell mobility performance, some UEs capable of simultaneous transmissions from different panels could take advantage of DAPS. Beam management to support simultaneous multi-panel transmission needs to be checked and completed if necessary. Also to support simultaneous downlink transmissions from two TRPs belong to different cell, beam management needs to be extended across the cells.                                                                                                      
Proposal 6: Consider extend beam management to support simultaneous multi-panel transmission and reception for inter-cell mobility
Unified TCI framework and MPE
Unified TCI targets to change uplink beam indication framework to the TCI based signalling analogous to downlink beam indication. With the UL-TCI states configured and corresponding signalling competed, UL beam management is to have the same level of flexibility, latency and simplification of downlink. Panel identification should be added into the UL-TCL to facilitate fast panel switching as a mean to mitigate the coverage loss due to MPE. To proceed this work, a common assumption of UE panel is important. For example, how many panels UE is equipped with and whether it is known to the network. Although panel activation/deactivation is managed by UE, it is crucial for network to know whether a target panel is activated before it instructs UE to switch the uplink transmission onto it. Switching to a deactivated panel may take 3-5ms while switching to an activated panel may be considered as instantaneous. UE may deactivate some panel to save power, while in downlink beam measurement occasions, UE may perform the measurement on one of the panels at one time and cyclic through all the panels. Otherwise UE may activate all the panel for the beam measurement. The beam reporting for the two different case would be very different and network need to know the details to interpret UE measurement reports. 
Proposal 7: Consider align basic UE panel and its operation assumptions for evaluation and design
RAN4 has defined solution for MPE. Once UE detect MPE event happens, it applies power backoff and informs network by sending P-MPR with MAC-CE. RAN1 should perform comprehensive evaluation of potential scheme and determine the relative performance gain first. 

[bookmark: _Ref129681832]Conclusion
In this contribution, we discussed the areas for enhancement of multi-beam operations. The following observations and proposals are presented:
Observation 1: In some deployment scenarios, the whole beam indication chain includes downlink control/data channels, downlink reference signals, uplink control/data signals and uplink reference signal may be streamlined to an indication of QCL-Type-D to a single reference signal
Proposal 1: Consider introduce new framework for common beam management and indication
Proposal 2: Consider dynamically associate correspondence beams for uplink with downlink common beams by the reuse of SRI bit field
Proposal 3: Consider support common beam update with both MAC-CE and L1 DCI signaling
Proposal 4: Consider support dynamic common beam update based on measurement report
Proposal 5: Consider decouple the signaling and procedure of beam management from handover procedure for inter-cell mobility
Proposal 6: Consider extend beam management to support simultaneous multi-panel transmission and reception for inter-cell mobility
Proposal 7: Consider align basic UE panel and its operation assumptions for evaluation and design
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