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1 Introduction
[bookmark: OLE_LINK64][bookmark: OLE_LINK65]In RAN1#AH1901 meeting [1], the following agreements were achieved on BFR for Scell:
· Specification support will be provided for gNB to derive at least the failed CC index during SCell BFR procedure
· FFS: Whether the information is implicitly derived or explicitly conveyed by the UE
· FFS: Whether new beam information should be included
· FFS: Details on triggering for transmitting BFRQ
· Down-select at least one of the following alternatives:
· Alt 1: For SCell BFR, BFRQ can be transmitted if UE declares beam failure and identifies a new candidate beam.
· UE reports new beam information by or after BFRQ
· Alt 2: For SCell BFR, BFRQ can be transmitted if UE declares beam failure.
· UE only indicates beam failure happens by BFRQ
· Note: new beam identification can be done by using DL BM procedure
· Alt 3: For SCell BFR, BFRQ can be transmitted if UE declares beam failure
· UE may report new beam information during BFR procedure 
· FFS: impact of new beam identification threshold
· Note: It is up to UE whether to do beam failure detection and new beam identification in parallel or not
· For Alt1 and Alt3, reference signals for new candidate DL beam(s) are configured, which are based on CSI-RS and/or SSB.
· FFS: whether the CSI-RS and/or SSB can be in another CC
· FFS: signaling details, e.g. RRC and/or MAC CE
· For SCell BFR
· Decide BFRQ solution for BFR on SCell with DL only first, PCell in FR1+FR2
· Above is to facilitate RAN1 discussion but not to prioritize certain scenarios

The following agreements were achieved on UL multi-panel transmission:
· An identifier (ID), agreed in RAN1#95, that can be used at least for indicating panel-specific UL transmission is to be down-selected or merged from the following alternatives in next RAN1 meeting:
· Alt.1: an SRS resource set ID, where FFS on further association to other RS (if needed)
· Alt.2: an ID, which is directly associated to a reference RS resource and/or resource set 
· Alt.3: an ID, which can be assigned for a target RS resource or resource set
· Alt.4: an ID which is additionally configured in spatial relation info

The following agreements were achieved on L1-SINR beam reporting:
· For L1-SINR, interference can be measured based on dedicated resource(s) for interference measurement.
· FFS: UE assumes interference signal on the REs of the RS for signal part and REs for dedicated resource(s) for interference measurement similar to specified in 38.214
· FFS: whether resource(s) for interference measurement can be NZP based or ZP based or both
FFS: whether/how to reuse NZP CSI-RS resource(s) configured for channel measurement as resource(s) for interference measurement
This contribution is focused on the multi-beam operation.
2 Beam failure recovery for Scell
It has been identified with two scenarios of beam failure recover for Scell, where both the Scell with or without uplink should be considered. For beam failure recovery of Scell, there are several candidate BFR resources, which are listed in below:
· Option 1: CFRA BFR resources on Scell
· Option 2: CFRA BFR resources on Pcell
· Option 3: PUCCH resources on Pcell
· Option 4: MAC-CE on Pcell
Option 1 is not suitable for DL-only Scells. Since previous meeting has agreed to decide BFRQ solutions for DL-only Scells first, Option 1 should be discussed later. For Option 1, at least PRACH transmissions have to be configured on Scell. Moreover, in NR Rel. 15, PRACH transmission on Scell, if configured, is triggered only by PDCCH order. To support Option 1, additional specification and complexity are required to support non-PDCCH order triggered PRACH transmission on Scell. 
Option 2 can be applicable for both DL-only and DL-UL Scells. For Option 2, additional CFRA BFR resources have to be configured on Pcell, which should be orthogonal to the CFRA resources for BFR of Pcell. It is agreed to derive at least the failed CC index during SCell BFR procedure. It means, different from BFR for Pcell where the only new beam ID is sent, the Scell ID suffering from beam failure may also need to report to the gNB for identifying the failed Scell from multiple activated Scells. Thus, the number of required CFRA BFR resources for BFR of Scell can be much more than for that of Pcell, which can be a heavy burden for Pcell.
Option 3 can be applicable for both DL-only and DL-UL Scells. Option 3 requires to pre-configure a set of PUCCH resources dedicated for BFR of Scell. Option 3 has been agreed in NR Rel.15 for the BFR of Pcell, while the details are not completed. The PUCCH is triggered by the beam failure event of Scell, similar to SR. The Scell ID and/or new beam ID can be reported in the PUCCH, depending on the PUCCH capacity. For small capacity of PUCCH, the new beam ID may be not able to be sent. One drawback of BFR-PUCCH is the gNB has to detect the BFR-PUCCH in a blind way. Moreover, in case of UCI collision with other PUCCH, such issue becomes even more complicated. 
Option 4 can be applicable for both DL-only and DL-UL Scells. Option 4 requires the minimum standardization effort. For example, it can be sent on a regular PUSCH on Pcell if PUSCH is granted, or a PUSCH following a scheduling request if PUSCH is not granted. Therefore, to send MAC-CE for BFR of Scell, a preceding SR may be required. Such a SR can be either a normal PRACH or PUCCH-based SR. 
Proposal 1: Support MAC-CE on Pcell for both BFR of DL-only and DL-UL Scells.
In NR Rel. 15, a dedicated CORESET and search-space (SS) are used for sending and receiving BFR response for PCell. In particular, a C-RNTI scrambled DCI is sent as a response on the dedicated CORESET and SS, and the UE assumes that the BFR response is QCLed to the new beam previously sent in BFR. There are several candidate BFR response resources for BFR of Scell, which is listed in below:
· Option 5: Scell DL, where a BFR-CORESET is in USS.
· Option 6: Pcell DL, where the BFR-CORESET for BFR of Pcell is reused.
If option 5 is supported, an additional CORESET and/or USS for CFRA BFR have to be configured to each Scell or a set of Scells sharing the same beam. In particular, if option 1+option 5 is supported, the BFR for Scell follows BFR mechanism for Pcell, but requires a separate BFR configuration. This actually doubles the configuration overhead.
If option 6 is supported, the BFR-CORESET for BFR of Pcell is reused as BFR-CORESET for BFR of Scell. This does not require additional resources and/or configuration, as compared to option 5. However, different from Pcell case where UE can assume BFR-response is QCLed to the reported new beam, such assumption may not work for the response of BFR of Scell, since the beams on Scell and Pcell may be different. Therefore, the BFR-response for the BFR of Scell which is sent on the BFR-CORESET on Pcell can be QCLed to some default beams, e.g., the beam used for reception of lowest CORESET ID with search-space should be monitored. 
Proposal 2: Support reuse of BFR-CORESET on Pcell for BFR response of Scell.
3 BFRQ information during SCell BFR procedure
It is agreed that specification support will be provided for gNB to derive at least the failed CC index during SCell BFR procedure. Whether or not to send the new beam information is FFS. Further, there are three alternatives on BFRQ information. 
· Alt 1: For SCell BFR, BFRQ can be transmitted if UE declares beam failure and identifies a new candidate beam.
· UE reports new beam information by or after BFRQ
· Alt 2: For SCell BFR, BFRQ can be transmitted if UE declares beam failure.
· UE only indicates beam failure happens by BFRQ
· Note: new beam identification can be done by using DL BM procedure
· Alt 3: For SCell BFR, BFRQ can be transmitted if UE declares beam failure
· UE may report new beam information during BFR procedure 
· FFS: impact of new beam identification threshold
Alt 1 is similar to Rel.15 BFR approach for Pcell, where the BFR is triggered when beam is in failure and new beam is identified, and the BFRQ indicates the beam failure event and new beam ID. One drawback of Alt 1 is that periodic new beam detection RSs have to be configured on Scell, which is resource-consuming. Moreover, there are cases that no new beam detection RS can be found on Scell, since in Rel.15 only up to 16 periodic RS can be configured. In this case, the BFR procedure will be not triggered if there is no new beam, which degrades the Scell performance.
Alt 2 is to trigger the BFR only when beam is in failure, and the BFRQ indicates the beam failure event without new beam ID. Alt 2 does not require to configure periodic new beam detection RS on Scell, which is resource-efficient. The new beam information can rely on later beam reporting for Scell. One drawback of Alt 2 is that cross-carrier A-CSI for beam reporting may be not available for Scell when Pcell and Scell are with different numerology, which may have certain latency. But for the design of BFR for Scell, latency is not the only factor to be considered, RS overhead should be also an equally important factor, which is unlike the design of BFR for Pcell. Therefore, supporting Alt 2 when there is no new beam detection RS is beneficial.
Alt 3 is to trigger the BFR when beam is in failure, and the BFRQ indicates the beam failure event and may also indicate new beam ID if found. Alt 3 requires to configure periodic new beam detection RS on Scell, but can work and allow to trigger BFR when no new beam is found. To some extent, Alt 3 serves a trade-off between Alt 1 and Alt 2.
Proposal 3: Support Alt 2 and Alt 3 for BFR response of Scell. If new beam detection RS is configured to Scell, support Alt 3, otherwise support Alt 2.
4 L1-SINR beam reporting
In previous meeting, it is agreed that dedicated resource(s) is used for interference measurement. Dedicated resources for interference measurement can better support interference-aware beam measurement in Rel.16. Therefore, it is necessary to explicitly configure both signal and interference part for the beam measurement. Similar to the Rel.15 CSI framework and as a natural extension, a resource setting for channel measurement and one or two resource settings for interference measurement can be configured as the signal and interference part for beam measurement in Rel.16. Moreover, the resource setting can comprise either a set of CSI-RSs or a set of SSBs. Both NZP and ZP based CSI-RS can be configured as the interference part.
Proposal 4: Support NZP and ZP based CSI-RS as dedicated resources for interference measurement in L1-SINR-based beam reporting.
In the CSI framework of Rel.15, one RS for channel measurement can be associated with one or more RSs for interference measurement. Currently, the maximum number of RSs for L1-RSRP reporting is 64. When reusing this framework for L1-SINR-based reporting, the number of RSs for interference measurement can be doubled or even more, which cause a significant signalling overhead. To reduce the number of RSs for L1-RSRP reporting, not all the RSs configured for the signal part needs to be associated with interference measurement, when considering not all the measured beams are needed to be reported in the L1-SINR reporting, especially for the beams with small value of RSRPs.
[bookmark: _GoBack]Proposal 5: For the L1-SINR reporting, not all the RSs for the signal part are associated with the RSs for the interference part.
5 Conclusion
This contribution provided our proposals for CSI reporting in NR. And particularly, there are:
Proposal 1: Support MAC-CE on Pcell for both BFR of DL-only and DL-UL Scells.
Proposal 2: Support reuse of BFR-CORESET on Pcell for BFR response of Scell.
Proposal 3: Support Alt 2 and Alt 3 for BFR response of Scell. If new beam detection RS is configured, support Alt 3, otherwise support Alt 2.
Proposal 4: Support NZP and ZP based CSI-RS as dedicated resources for interference measurement in L1-SINR-based beam reporting.
Proposal 5: For the L1-SINR reporting, not all the RSs for the signal part are associated with the RSs for the interference part.
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