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Introduction
The scope of WI [1] includes how to reduce the latency and overhead of beam with multi-beam operation as described as following.
Agreement#1
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 
In RAN1#96bis meeting, an agreement was achieved on updating/configuring spatial relation for PUCCH as follow [2]
Agreement#2
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
Some of the enhancement schemes are discussed in our companion contribution [3]. In this contribution, we provide additional proposals for the latency and overhead reduction.
Discussion
Latency reduction
Aperiodic beam measurement/reporting based on multiple resource sets
In Rel-15, aperiodic beam measurement/reporting can only be based on one resource set which is limited to one slot only. This imposes the following limitations:
· P1 operation is not supported in aperiodic beam reporting
· Number of beams is limited by the number of downlink symbols in a slot for P2 and P3 operation
Only periodic or semi-persistent CSI-RS can achieve P1 and P2/P3 with large number of beams. Relying only on periodic/semi-persistent signals causes large latency and overhead and reduces the flexibility and efficiency of the system. Therefore, we have the following proposal:
Proposal 1: Aperiodic beam measurement/reporting based on multiple resource sets should be considered for Rel-16 enhancement.  
Beam Failure Recovery for a CC group 

When beams used in a CC group are the same, the beams of the CC group also fail as beam failure is detected using  corresponding to PCell in the group. The other CC can be recovered after the PCell is recovered using RRC/MAC-CE to update the beam of other CC for Release-15 UEs but this would lead to unnecessary high signaling overhead and latency. So we can employ at least one of following methods. 



Method1: The other CC can be recovered without RRC/MAC-CE. For example the QCL of one predetermined CORESET of the other CC and the PDSCH scheduled by the PDCCH in the predetermined CORESET can follow the  after the BFR request corresponding to in PCell is transmitted by UE. The probability of successful recovery of the CC group also can be increased and the power of UE can be reduced because the UE can stop transmitting BFR request corresponding to   as long as at least one DCI in the predetermined CORESET group corresponding to the CC group is received. 

Method2: the QCL of one predetermined CORESET of the other CC and the PDSCH scheduled by the PDCCH in the predetermined CORESET can follow the  corresponding to PCell after the PCell is recovered, then the predetermined CORESET can be used regardless whether or not the beam failure is detected in other CC. But the latency is larger and the power of UE may be slightly higher compared with Method1. 
In other words, the beam failure is detected only in one CC, but the beam of the CC group can be recovered automatically without RRC/MAC-CE signal to reduce latency and overhead. The beam failure can also be detected only in one Scell when the CC group doesn’t include Pcell.
Proposal 2: Once beam failure is detected and BFR request is sent in one CC, the beam of the other CCs in the same CC group can be also recovered automatically without RRC/MAC-CE signaling to reduce latency and overhead.  
Besides, the BFRQ resource for a candidate RS or CC-index can be on multiple BWPs. 
· If the BFRQ resource for Scell-1 can be configured on another cell for example Scell-2 or Pcell,  one candidate RS of the Scell-1 or one CC index can be configured with more than one PUCCH/PRACH resources in different BWPs of Scell-2 or Pcell. Otherwise, the BFRQ of Scell-1 can’t be reported in time due to BWP switching. This also can be used for the case with BFRQ resource for Scell-1 configured on Scell-1 itself to reduce the delay. For example, the UE reports BFRQ for BWP1 on PUCCH/PRACH resource on BWP1 and BWP2. 
Proposal 3: One candidate RS or one CC-index can be configured with more the one PUCCH/PRACH resources in different BWPs. 
The enhancement on default beam 
In Rel-15 for PDSCH transmission, default QCL assumptions are used for the following two cases: 
Case 1: When tci-PresentInDCI is set to 'enabled' or tci-PresentInDCI is not configured in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold Threshold-Sched-Offset, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) in the TCI state with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the COREST associated with a monitored search space with the lowest CORESET-ID in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.
Case 2: If tci-PresentInDCI is not configured for the CORESET scheduling the PDSCH or the PDSCH is scheduled by a DCI format 1_0, and the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold Threshold-Sched-Offset, the UE assumes that the TCI state or the QCL assumption for the PDSCH is identical to the TCI state or QCL assumption whichever is applied for the CORESET used for the PDCCH transmission. 
Based on the above description, the default beam of PDSCH depends on the CORESET in both cases and should be always the same as that configured for the CORESET. However, the requirement of PDCCH and PDSCH are most likely different, e.g. gNB needs to transmit wide beam for PDCCH in order to get broad coverage, but narrow beam is preferred for PDSCH for more beamforming gain. In order to solve this issue, two TCI states can be configured for the CORESET. One is for PDCCH detection, the other is used as the default beam for the PDSCH in both above cases. 
· For instance, as shown in Figure 1, TCI1 is used for PDCCH reception in the CORESET, and TCI2 is used for the default QCL determination of PDSCH in both Case-1 and Case-2. Both TCI 1 and TCI2 can be re-activated or de-activated with MAC-CE signaling. 


Figure 1: The default beam of PDSCH and the beam of CORESET are different
Proposal 4: To support the default PDSCH beam different from the beam of its associated CORESET, two TCI states can be configured for a CORESET. 
· The first TCI is used for QCL indication for PDCCH reception in the CORESET
· The second TCI is used for QCL indication for PDSCH scheduled by DCI format 1_0 or with scheduling offset < threshold.
Overhead reduction
How to use the TCI field in DCI when timing offset is less than the threshold
In the aforementioned Case 1, i.e. when the offset between the DL DCI and the corresponding PDSCH is less than the threshold, the PDSCH QCL assumption follows the lowest CORESET ID in the latest slot. Therefore, the TCI field is not useful in this case. It causes unnecessary waste of DCI resource. However, in order to keep the consistent DCI size with the case when the offset is larger than the threshold, the TCI field cannot be removed from the DCI even when it is not used. 
In order to improve the utilization efficiency of DCI resource, the TCI field can be used to dynamically inform some other information when the offset between the DL DCI and the corresponding PDSCH is less than the threshold, such as TCI indication for next PDSCH transmission or PDCCH transmission, triggering AP-CSI-RS with the indicated TCI state, etc. Hence, the flexibility is increased and beam indication latency can be reduced.
Proposal 5: The TCI field in the DCI can be used to inform other information when the offset between DCI and corresponding PDSCH is less than the threshold.
· FFS: the other information, e.g., TCI indication for next PDSCH transmission or PDCCH transmission, triggering AP-CSI-RS with the indicated TCI state
Reduce the overhead of RRC configuring the parameter of CSI-RS
Based on the current Rel-15 specification, RRC configuration can cause a lot of overhead e.g. for RS or CSI configurations. There are up to 192 NZP-CSI-RS resources in one CC and each NZP-CSI-RS resource needs to be configured with the following information: qcl-InfoPeriodicCSI-RS with 7 bits, scramblingID with 10bits and freqBand with 18 bits. Moreover, some of them seem mandatory to be configured. It causes too much unnecessary overhead of RRC signaling especially when CSI-RS resources within the same resource set have the same configuration for those parameters. For instance, for a NZP CSI-RS resource set with beam management P3, the same TCI can be used for all resources within the resource set. Likewise, different values of scrambling ID and freqBand are usually unnecessary. 
In order to reduce RRC overhead, those parameters can be made as optional configurations and only be configured for the first CSI-RS resource within the resource set sometime or for only partial resources in one resource set. Then the parameter values of resources without configured above parameters in the resource set can follow the configuration of first resource. In other words, default configurations of some parameters for some CSI-RS resources within one resource set can be supported. For example, RRC parameters of NZP-CSI-RS resource 1 without configured above parameters can be obtained based on NZP-CSI-RS resource 0 which has the lowest resource-ID in resource set with configured parameters.  
Proposal 6: RRC parameters of a CSI-RS resource, such as parameters qcl-InfoPeriodicCSI-RS, scramblingID and freqBand, can be implicitly derived according to the configuration for the CSI-RS resource with the lowest ID in the CSI-RS resource set. 
Reduce the overhead of MAC-CE activating spatial relation info of PUCCHs 
It supports to update PUCCH SpatialRelationInfo per PUCCH resource group as shown in Agreement#2, but the group should correspond to all the PUCCHs in a BWP as a start point. The beam of PUCCH is inflexible if the PUCCH group includes all the PUCCH resource of beam in a BWP. Then it also increases the MAC-CE overhead to change the beam of PUCCH. There should be at least two PUCCH groups corresponding to two TRPs in a BWP, and the two PUCCH groups can be associated with different SpatialRelationInfo.
In order to reduce the overhead of MAC CE signaling while remain the flexibility of PUCCH beam, the PUCCH resources in a BWP can be divided into several groups according to the SpatialRelationInfo wherein each group share the same SpatialRelationInfo. Then MAC CE is used to update SpatialRelationInfo for each PUCCH resource group. In other words, for a beam, i.e., SpatialRelationInfo, previously configured and used for one PUCCH resource group, MAC CE is used to update this old beam to a new beam. Then the new beam should be used for all PUCCH resources in the group associated with the old beam as shown in Figure 3. 

Figure 2: Rel-15 MAC CE for PUCCH spatial relation info update.
Further the SpatialRelationInfo for the PUCCH group can be informed directly by RRC without MAC-CE. Then the MAC-CE update on SpatialRelationInfo for the PUCCH group is transmitted depending on the requirements. The SpatialRelationInfo of the PUCCH group can be changed by a Rel-15 MAC-CE update on SpatialRelationInfo for a PUCCH resource wherein the bit of selection of method is used for indicating the choice between the MAC-CE content in Figure 2 and in Figure 3. 
If the SpatialRelationInfo of a PUCCH resource is updated using Rel-15 SpatialRelationInfo update MAC-CE as shown in Figure2, the PUCCH resource will be in the PUCCH group associated with the new SpatialRelationInfo. i.e the division of PUCCH group also can be updated using this MAC-CE.  
Proposal 7: It should be supported that there are more than one PUCCH groups in a BWP to reduce the overhead of MAC CE signaling while remain the flexibility of updating PUCCH beam.
Proposal 8: The PUCCH resources can be grouped based on the same SpatialRelationInfo.
Proposal 9: Whether a MAC-CE updates the SpatialRelationInfo per PUCCH resource group or per PUCCH resource can be indicated using one bit in MAC-CE. 


Figure 3: MAC-CE signaling of activating a new beam for replacing an old beam for a PUCCH resource group  
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[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we provide our views for the latency and overhead reduction. There are following proposals: 
Proposal 1: Aperiodic beam measurement/reporting based on multiple resource sets should be considered for Rel-16 enhancement. 
Proposal 2: Once beam failure is detected and BFR request is sent in one CC, the beam of the other CCs in the same CC group can be also recovered automatically without RRC/MAC-CE signaling to reduce latency and overhead.  
Proposal 3: One candidate RS or one CC-index can be configured with more the one PUCCH/PRACH resources in different BWPs.
Proposal 4: To support the default PDSCH beam different from the beam of its associated CORESET, two TCI states can be configured for a CORESET. 
· The first TCI is used for QCL indication for PDCCH reception in the CORESET
· The second TCI is used for QCL indication for PDSCH scheduled by DCI format 1_0 or with scheduling offset < threshold.
Proposal 5: The TCI field in the DCI can be used to inform other information when the offset between DCI and corresponding PDSCH is less than the threshold.
· FFS: the other information, e.g., TCI indication for next PDSCH transmission or PDCCH transmission, triggering AP-CSI-RS with the indicated TCI state
Proposal 6: RRC parameters of a CSI-RS resource, such as parameters qcl-InfoPeriodicCSI-RS, scramblingID and freqBand, can be implicitly derived according to the configuration for the CSI-RS resource with the lowest ID in the CSI-RS resource set. 
Proposal 7: It should be supported that there are more than one PUCCH groups in a BWP to reduce the overhead of MAC CE signaling while remain the flexibility of updating PUCCH beam.
Proposal 8: The PUCCH resources can be grouped based on the same SpatialRelationInfo.
Proposal 9: Whether a MAC-CE updates the SpatialRelationInfo per PUCCH resource group or per PUCCH resource can be indicated using one bit in MAC-CE.    
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