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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

In this contribution, we will present our opinions on supporting L1-RSRQ or L1-SINR, and BFR for SCell.

Discussion
Beam measurement and reporting of L1-RSRQ or L1-SINR
NR TS 38.215[2] has provided the definitions of SS-RSRP/SS-RSRQ/SS-SINR/CSI-RSRP/CSI-RSRQ/CSI-SINR. Although RSRQ/SINR is for L3 measurement, we could leverage the concept/mind for L1 discussion and definition. The definitions are as follows [2]:
· CSI-RSRP
CSI reference signal received power (CSI-RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry CSI reference signals configured for RSRP measurements within the considered measurement frequency bandwidth in the configured CSI-RS occasions.
· CSI-RSRQ:
CSI reference signal received quality (CSI-RSRQ) is defined as the ratio of N×CSI-RSRP to CSI-RSSI, where N is the number of resource blocks in the CSI-RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.
CSI Received Signal Strength Indicator (CSI-RSSI), comprises the linear average of the total received power (in [W]) observed only in OFDM symbols of measurement time resource(s), in the measurement bandwidth, over N number of resource blocks from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. The measurement time resource(s) for CSI-RSSI corresponds to OFDM symbols containing configured CSI-RS occasions.
· 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.
Based on the above descriptions, we could see that comparing with RSRP by only considering signal power, both RSRQ and SINR also reflect the power level of interference and noise and both of them could reflect the quality of a beam. However, there exists some essential differences between RSRQ and SINR. RSRQ equals to , while SINR equals to , where  denotes the received signal power, and  is the interference power plus the noise power. On the other hand, the calculation of SINR could be done based on RE level, while the calculation of RSRQ could only be based on PRB level, or even one whole OFDM symbol. To some degree, RSRQ could be achieved without the interference measurement signal. Much better performance could be obtained if the combination of multiple beams could be trained simultaneously. However it will result in more latency and overhead. Dedicated interference measurement signal configuration like CSI-IM could provide better performance for SINR. However, the performance gain is not clear. In addition, there is much more specification work to be done if introducing dedicated interference measurement signal for SINR.  Further evaluation is needed before making the final decision. 
Proposal 1: Further evaluation and study are needed to make decision on supporting L1-RSRQ or L1-SINR.

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
In R16 it will definitely introduce either L1-RSRQ or L1-SINR as a measurement and report parameter. Compared with L1-RSRP, L1-RSRQ and L1-SINR can both 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-RSRQ or L1-SINR for new beam identification.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Observation 1: It is beneficial to introduce the L1-RSRQ or L1-SINR for new beam identification.
Beam failure recovery request (BFRQ)
So far, we have three options to inform gNB the BFR message:   
Option-1: MAC-CE
Option-2: RACH-like 
Option-3: PUCCH
For option-1, the beam failure information together with new beam information should be included in MAC-CE and conveyed to gNB by SpCell. 
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.
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.
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 2: MAC-CE based, RACH-like 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 3: 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 2: The R15 BFR procedure is not appropriate for the Multi-TRP/Panel mode.
Proposal 4: 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 about beam measurement and reporting of L1-RSRQ or L1-SINR, and BFR for Scell. The following observations and proposals are achieved:
Observation 1: It is beneficial to introduce the L1-RSRQ or L1-SINR for new beam identification.
Observation 2: The R15 BFR procedure is not appropriate for the Multi-TRP/Panel mode.
Proposal 1: Further evaluation and study are needed to make decision on supporting L1-RSRQ or L1-RSRP.
Proposal 2: MAC-CE based, RACH-like and PUCCH based BFRQ should all be investigated in R16.
Proposal 3: The BFRR should be transmitted on the failing SCell. 
Proposal 4: 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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