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Introduction
[bookmark: _Ref494215420]RAN#80 meeting has agreed to study enhancements on multi-beam operation, primarily targeting FR2 operation [1]:
· 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

There has one agreement on measurement and reporting of L1-SINR[2]:
Agreement
· L1-SINR is supported. L1-RSRQ is not supported.
· Companies to study and provide definition of L1-SINR
· Study the reporting content, e.g.
· Whether CRI/SSBRI is reported
· Whether differential group/non-group reporting is applied
· Whether L1-RSRP is reported
· Study the interference measurement mechanism

In this contribution, we will present our opinions on DL BM enhancement, multi-beam based UL operation, measurement and reporting of L1-SINR and BFR for SCell.

Discussion
Event triggered beam reporting
In R15 beam management procedure, UE would be only configured with top N (N=1,2,4) beams reporting or no reporting. However some of served beam quality may become bad, but it is not known to gNB timely. Optimal beam switching may be delayed, and more overhead would be brought about. Although one event triggered beam measurement and reporting procedure: beam failure recovery procedure (BFR)  has been designed in R15, large latency and overhead could be envisioned considering only when all monitored beams fail and at least one new candidate beam is identified do the event be triggered. 
Observation 1: Event triggered beam reporting should be studied which refers to partial monitored beams failure, to reduce latency and overhead and achieve fast beam switch.
Furthermore, specific details for partial beam failure event should be exploited, e.g., reporting content, reserved resources or reusing existed resources to carry report, and so on.
Proposal 1: study event triggered beam reporting where partial beam failure happen
-FFS: the detailed mechanism for partial beam failure event, e.g., reporting content, resources for reporting

Multi-beam based UL operation
It is known that R15 only supports one UL beam transmission at one time. However, for UE equipped with multiple Tx panels, diversity and multiplex gain could be achieved if supporting multiple panels/beams simultaneous transmission. 
Proposal 2: Support multiple beams/panels simultaneous transmission.
R15 has supported multiple UL Tx panel simultaneous transmission for SRS by implicitly mapping SRS resource set to panel from upon UE implementation. However mechanism(s) to support multiple UL Tx panel/beam indication for PUSCH should be studied:
· Option 1: Introducing multiple SRI indication in DCI, where the mapping order of SRI to panel is default.
· Option 2: Extending the SRI field, where one index points to multiple SRS resources and each SRS resource or resource group links to one panel.
· Option 3: Introducing additionally panel indication, where panel indication could be panel ID, or SRS resource set ID or others.
Comparing to option 2, option 1 and 3 would increase the DCI payload size. But on the other hand, new explanation of SRI field for option 2 is required.
With regarding to other fields in DCI 0_1, e.g., TPMI/TRI, we prefer to enlarge the DCI payload size in which TPMI/RI per panel is included respectively, and the sum of RIs for all panels should not exceed UE capability.

Beam measurement and reporting of L1-SINR
NR TS 38.215[3] has provided the definitions of SS-SINR/ CSI-SINR from the L3 measurement perspective. The definitions are as follows [3]:
· SS-SINR:
SS signal-to-noise and interference ratio (SS-SINR), is defined as the linear average over the power contribution (in [W]) of the resource elements carrying secondary synchronization signals divided by the linear average of the noise and interference power contribution (in [W]) over the resource elements carrying secondary synchronization signals within the same frequency bandwidth. The measurement time resource(s) for SS-SINR are confined within SS/PBCH Block Measurement Time Configuration (SMTC) window duration.

· CSI-SINR:
CSI signal-to-noise and interference ratio (CSI-SINR), is defined as the linear average over the power contribution (in [W]) of the resource elements carrying CSI reference signals divided by the linear average of the noise and interference power contribution (in [W]) over the resource elements carrying CSI reference signals reference signals within the same frequency bandwidth.

It is known that SINR equals to , where  denotes the received signal power, and  is the interference power plus the noise power. Comparing with RSRP by only considering signal power, SINR could reflect the power level of interference and noise and reflect the quality of a beam. Based on the above description the interference plus noise power   calculation of L3-SINR is limited by REs carrying reference signals for channel measurement, and is achieved by subtraction from the received power on REs carrying reference signals for channel measurement. To some degree, this method could not reflect the real interference level for multi-beam use case where inter-beam interference exists. On the other hand, dedicated interference measurement resource could be configured like NZP CSI-RS for IM in R15 CSI framework. It is flexible, and inter-beam interference could be imitated as the precoder of IMR by gNB. 
Observation 2: For L1-SINR, the calculation of interference plus noise power should not be confined on REs carrying reference signals for channel measurement.
Proposal 3: Support dedicated interference measurement resource configuration, and NZP CSI-RS for IM of R15 CSI framework could be as the starting point.

With regarding to measurement and reporting in R16, in our opinion measurement and reporting of only L1-RSRP and only L1-SINR is enough, and how to configure it is up to gNB implementation.

Beam failure recovery for SCell
Beam failure detection
Current beam failure detection allows gNB to configure maximum 2 RS for monitoring the quality of control channel, which could be viewed as a baseline in R16. In R16, the application scenarios are more complicated, e.g., BFR on SCell, Multi-TRP/Panel etc. We should carefully examine the feasibility of R15 BFD procedure under these circumstances. 
New beam identification
As a new measurement and report parameter, L1-SINRwas agreed to be introduced for beam management. Compared with L1-RSRP, L1-SINR can provide more accuracy by taking the interference into account. Generally, the interference can be generated by other UEs, TRPs or the simultaneous receiving beams. Nevertheless, the current criterion of new beam selection is only to select the RS of which the RSRP is above a threshold within candidate RS-set. From our perspective, it is also beneficial to introduce the L1-SINR for new beam identification.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Observation 3: It is beneficial to introduce the L1-SINR for new beam identification.
Beam failure recovery request (BFRQ)
So far for contention free based BFRQ, we have three options to inform gNB the BFR message:   
· Option 1: PUCCH based
· Option 2: PRACH based
· Option 3: MAC CE in PCell based 
In early stage of R15, there was agreement on supporting PUCCH-based BFR. However, due to time limit we didn’t expand its discussion in R15. In R16, we can have a look back on this issue and further discuss its feasibility.
For option-2, it resort to RACH-like procedure. An inevitable issue is how to distinguish the PRACH transmission of different SCell. As one alternative, different SCell can use different RACH-Occasion or different preamble sequence. But the details need to be further polished. For LTE and R15 NR, RACH procedure is not supported in SCell. Besides, considering the existence of downlink-only SCell which naturally not support RACH procedure on SCell, we cannot see any benefit for supporting PRACH-BFR on SCell. Further, for the fact that SpCell are usually more stable and robust than SCell, we incline to support Msg.1 only on SpCell.
For option-3, the beam failure information together with new beam information should be included in MAC-CE and conveyed to gNB by SpCell. 
In sum, currently our views on the 3 options are quite open. Before proceeding any conclusion, we should first carefully evaluate the shortcoming and benefit of each option in the future.
Proposal 4: MAC-CE based, PRACH based and PUCCH based BFRQ should all be investigated in R16.
Beam failure recovery response (BFRR)
By applying the same beam across different SCells, we may observe different beam qualities mainly due to frequency difference, different interferer etc. Successful BFRR-receiving on SpCell cannot guarantee a successful receiving on SCell. By fixing the BFRR on SpCell could lead the whole BFR procedure meaningless. Therefore, the BFRR should be transmitted on the failing SCell.
Proposal 5: The BFRR should be transmitted on the failing SCell. 
Impact of Multi-TRP/Panel on BFR
As one of the major enhancement in R16, the introduction of Multi-TRP/Panel feature will predictably bring substantial specification changes, e.g., control signalling design, CSI calculation, CSI report, HARQ issues etc. However, if we directly reuse the R15 BFR procedure even only for the PCell under Multi-TRP/Panel mode, we might encounter many issues. In R15, the maximum number of RS for beam failure detection is 2. According to previous agreement, the maximum supported number of NR-PDCCHs corresponding to scheduled NR-PDSCHs that a UE can be expected to receive in a single slot is 2 on a per component carrier basis in case of one bandwidth part for the component carrier. Each RS within beam failure detection RS-set can be related to a CORESET transmitted from a specific TRP/Panel. Based on the BFR mechanism in R15, only if all RS within BFD RS-set fall below a configured threshold can trigger a BFI counter. However, under Multi-TRP/Panel mode if one RS continuously fails and the other one continuously succeeds, no BFR or BFI counter will be triggered. Therefore, the R15 BFR procedure is problematic in Multi-TRP/Panel and some further studies are recommended.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Observation 4: The R15 BFR procedure is not appropriate for the Multi-TRP/Panel mode.
Proposal 6: Beside the study of SCell BFR, some attention should also be paid on the impact of Multi-TRP/Panel on BFR.
Conclusion
In this contribution, we have discussed DL BM enhancement, multi-beam based UL operation, measurement and reporting of L1-SINR and BFR for SCell. The following observations and proposals are achieved:
Observation 1: Event triggered beam reporting should be studied which refers to partial monitored beams failure, to reduce latency and overhead and achieve fast beam switch.
Observation 2: For L1-SINR, the calculation of interference plus noise power should not be confined on REs carrying reference signals for channel measurement.
Observation 3: It is beneficial to introduce L1-SINR for new beam identification.
Observation 4: The R15 BFR procedure is not appropriate for the Multi-TRP/Panel mode.

Proposal 1: study event triggered beam reporting where partial beam failure happen
[bookmark: _GoBack]-FFS: the detailed mechanism for partial beam failure event, e.g., reporting content, resources for reporting
Proposal 2: Support multiple beams/panels simultaneous transmission.
Proposal 3: Support dedicated interference measurement resource configuration, and NZP CSI_RS for IM of R15 CSI framework could be as the starting point.
Proposal 4: MAC-CE based, PRACH based and PUCCH based BFRQ should all be investigated in R16.
Proposal 5: The BFRR should be transmitted on the failing SCell. 
Proposal 6: Beside the study of SCell BFR, some attention should also be paid on the impact of Multi-TRP/Panel on BFR.
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