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Introduction
One task for multi-beam enhancements in Rel-16 is to 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 [1]. In the latest meeting [2], the following agreements have been reached:
Agreement
The working assumption made in RAN1#96 is confirmed
For UL beam management latency and overhead reduction, support MAC CE based spatial relation update for aperiodic SRS per resource level
· FFS: Whether this is a UE optional feature
FFS: Whether above is applicable regardless of the aperiodic SRS target use
Agreement
Simultaneous update/indication of a single spatial relation per group of PUCCH is supported by using one MAC CE 
· As a starting point, the group should correspond to all the PUCCHs in a BWP when a single active spatial relation is applied before and after activation
· If there is no consensus on the details of the grouping, only one group per BWP will be supported in Rel-16 which will correspond to all the PUCCHs in a BWP
Detailed design on the MAC CE is up to RAN2
Agreement
Support the configuration of up to 64 candidate beams for BFR by RRC signalling, without introducing additional MAC CE signalling for down-selecting a subset of beams.
· The total number of RSs for new beam identification and layer 1 RSRP measurement are part of UE capability signaling
This applies per BWP.
In this contribution, we start with a brief analysis on what are the major causes of the latency with Rel-15 BM and come up with corresponding solutions. To understand the gain of potential enhancements, quantitative performance results compared with what was specified in Rel-15 are also presented.

[bookmark: _Ref533753594]Latency reduction
The latency with Rel-15 BM may be caused by completely different reasons, one major cause is the latency introduced by RRC reconfiguration signalling, and the other is the time consumed to find the optimal beam pairs. In this section, possible solutions targeting the signalling latency reduction and beam training latency reduction are discussed in Section 2.1 and 2.2 respectively.
[bookmark: _Ref533578575][bookmark: _Ref525921035]Signalling latency reduction
RRC signalling is heavily involved in Rel-15 beam management, including configurations of resources used for beam measurement and reporting, configurations of beam indication, i.e., TCI and spatial relation for downlink and uplink respectively, configurations of beam failure recovery, e.g., resources for beam failure detection, resources for candidate beam selection, RACH resources for beam failure recovery request, etc.
Frequent RRC (re)configuration is a mechanism that both the network and UE want to avoid, since it occupies the resources for useful data transmission and it may create ambiguities and low efficiencies, especially in the time duration between each RRC reconfiguration and the followed-up MAC-CE activation. However, two major reasons, RRC signalling restriction and UE capability limitation make frequent reconfiguration inevitable for Rel-15 BM, even that a large amount of configurations have been already signalled to the UE in the initial configuration. Previous RAN1 agreements on increasing the maximum RRC configurable number of spatial relations for PUCCH to be 64 per BWP and increasing the maximum RRC configurable number of candidate beams for BFR to be 64 per BWP are examples on reducing latency via addressing Rel-15 RRC signaling restriction. Another example, UE capability can suggest that a particular UE supports 16 configured spatial relations. If the spatial relations contain only downlink reference RS, such a design implies that a 64-Tx-beam gNB has to reconfigure spatial relations via RRC when UE moves to the coverage area of another subset of gNB downlink Tx beams, assuming one downlink reference RS corresponds to a Tx beam. To address such limitation, in last meeting, MAC CE based spatial relation update for aperiodic SRS per resource level in introduced. Considering different functionalities of different SRS resource sets, such signalling scheme can be redundant. For example, if a SRS resource set is configured with usage 'antennaSwitching', there is a low probability that those resources inside one set will be configured with a different Tx beam, otherwise UE would be confused on how to switch its antennas. Thus, MAC CE based spatial relation update for aperiodic SRS per resource set level should also be supported at least for 'antennaSwitching' SRS. Both explicit and implicit solutions can be considered. For example, Rel-16 can introduce an extra explicit per set spatial relation indication MAC-CE or Rel-16 regulates that UE should update the Tx beam for all SRS resources in an 'antennaSwitching'  SRS resource set even if MAC-CE signaling only updates spatial relation for one resource.
To conclude the discussions in this section, we have following observations and proposals.
Observation 1: Frequent RRC reconfigurations are difficult to avoid with Rel-15 BM, due to restrictions on RRC signalling and UE capability.  
Proposal 1: To reduce latency of BM, study mechanisms to reduce RRC reconfiguration(s) via introducing MAC-CE/DCI-based indications and/or pre-defined beam/QCL updating rules.
Proposal 2: For latency/overhead reduction, support MAC CE based spatial relation update for aperiodic SRS per resource set level if usage is configured as 'antennaSwitching'. 

[bookmark: _Ref533578582][bookmark: _Ref525921013]Reduce the time used for beam training 
Beam selection rule
It may be affordable for the network and UE to carry out one round of beam training by even exhaustively search all the beam pair combinations, however, what is unacceptable is that the beams selected after the exhaustive search are not fulfilling the gNB requirements and another round of beam training is needed, and then another round… This undesired situation would likely happen by using Rel-15 L1-RSRP based beam measurement and reporting, which has no clear guidance from gNB. The beams selected by the UE, most probably via max-RSRP rule, are not useful if gNB would like to do two-beam multiplexing transmission for capacity enhancement, or to do two-beam diversity transmission for robustness enhancement, or simply a pair of backup beams that gNB could do fast beam switch to combat blockage.
For example, with the largest N RSRP(s), spatially adjacent gNB Tx beams may be selected. Figure 1 shows the RSRP distribution of all gNB Tx beams in a contour map. For beam reporting with largest N RSRPs, UE would only select beams around the peak to report, for example, beam A and beam C in Figure 1 if N = 2. As one may expect, these reported beams are not suitable as back-up beams and hence the system will be less robust to blockage. In this case, to obtain beams that are suitable for serving as back-up, for example, beam A and beam B in Figure 1, gNB may configure more rounds of beam measurement/reporting, leading to a large latency/overhead. 
Some possible solutions in this category can be, for example, to specify and allow gNB to inform UE the rule for beam selection. For example, UE can be asked to report gNB Tx beams with low spatial correlation. In this way, the selected and reported Tx beams will be more suitable for improving the system robustness via multi-gNB-panel/beam diversity-transmission. The figure also demonstrates the gain of reporting lowly correlated beams A and B over the highly correlated beams A and C. Since beams A and C are highly correlated, when beam A is blocked, beam C cannot be used as a good back-up. Instead, beam B brings more robustness and can be used as a back-up to prevent the severe RSRP degradation (>20dB). Ultimately, the time needed to find the most suitable beams can be reduced under gNB instruction.
Observation 2: Implicit and UE-implementation-based beam selection in Rel-15 would cause unnecessary latency.  
Proposal 3: For latency reduction, study mechanisms to reduce beam training latency via defining beam selection rules with more explicit reflection of the purpose of beam training.
[image: ]
[bookmark: _Ref525920910]Figure 1 Measured L1-RSRP of gNB Tx beams
UE triggered beam management
UE triggered beam reporting was proposed by many companies in previous meetings. One of the typical application scenarios for UE triggered beam reporting is the partial beam failure case. Partial beam failure can be defined as a case that only a subset of serving beams fail, while at least one serving beam of PDCCH is still active. To avoid unnecessary transmission with the failed beams and to avoid potential all beam failure, it is beneficial to inform this partial beam failure information to gNB. Upon this information, gNB can configure a new available serving beam to replace the failed beam. If the beam for PUCCH is still available for the transmission, it can be used to carry the partial beam failure information. The partial beam failure information may include failed beam information and or the new recommended beam information. Thus, UE triggered partial beam failure reporting can be seen as a fast beam switching scheme and can be used to avoid beam failure status.


Figure 2 An example of UE triggered beam management
Proposal 4: Study UE triggered beam management for partial beam failure case. 

[bookmark: _Ref533753784]Summary of discussions
In this contribution, we discussed possible solutions to be studied for latency reduction in Rel-16. The following observations and proposals are made:
Observation 1: Frequent RRC reconfigurations are difficult to avoid with Rel-15 BM, due to restrictions on RRC signalling and UE capability.  
Observation 2: Implicit and UE-implementation-based beam selection in Rel-15 would cause unnecessary latency.  
Proposal 1: To reduce latency of BM, study mechanisms to reduce RRC reconfiguration(s) via introducing MAC-CE/DCI-based indications and/or pre-defined beam/QCL updating rules.
Proposal 2: For latency/overhead reduction, support MAC CE based spatial relation update for aperiodic SRS per resource set level if usage is configured as 'antennaSwitching'. 
Proposal 3: For latency reduction, study mechanisms to reduce beam training latency via defining beam selection rules with more explicit reflection of the purpose of beam training.
Proposal 4: Study UE triggered beam management for partial beam failure case. 
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