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Introduction
NR MIMO enhancement WI [1] includes the objectives to enhance the multi-beam operations on L1-SINR reporting, SCell BFR, multi-panel UE and overhead/latency reduction. Pertinent agreements related with multi-beam operation enhancement made so far are summarized here:
	
Agreement
For L1-SINR based beam report, in a CSI-reportConfig, if IMR is configured to be based on ZP-IMR only:
· CMR and IMR are 1-to-1 mapped from signaling perspective


Agreement
Support PUCCH-BFR to be configured by either one of PUCCH format 0 and PUCCH format 1
· FFS: details when PUCCH-BFR transmission is to be made in the same slot with other uplink signal(s).

Agreement
The BFRR to step 2 is a normal uplink grant to schedule a new transmission for the same HARQ process as PUSCH carrying the step 2 MAC CE
· The procedure is the same as normal “ACK” for PUSCH
· When UE receives BFRR to step 2, UE can consider BFR procedure is finished
· No RAN1 spec impact
· Included as part of LS to RAN2

Agreement
Down-select one of the following alternatives on UE behavior when no new beam RS is configured in RAN1#98bis
· Alt 1: UE shall expect gNB to configure at least one new beam RS if BFR for corresponding SCell is configured
· Alt 3: If new beam RS is not configured, all SSBs are considered as new beam RS candidates

Agreement
Continue discussion on the support of updating pathloss RSs for power control for PUSCH and SRS via MAC-CE, including the following candidates until RAN1#98bis:
· Option 1: For codebook based PUSCH transmission, the pathloss RS follows DL RS in spatial relation associated with SRI indicated in scheduling DCI, if the pathloss RS is not configured and periodic DL RS is configured in the spatial relation.
· FFS: the cases of non-codebook based PUSCH, SRS
· Option 2: Pathloss RS is associated/configured for downlink RS in spatial relation info.
· gNB can configure more than 4 pathloss RSs.
· Option 3: At least the pathloss RSs for SRS or PUSCH can be explicitly activated/updated by the MAC-CE
· FFS: The other power control parameters including P0, alpha, and a closed loop process index are also activated by the MAC-CE
· FFS on whether to support the number of configured pathloss RSs are more than four.
· Note: The MAC-CE is the activation MAC CE for ap-SRS/sp-SRS.
· Option 4: Support updating TCI state for periodic CSI-RS by MAC CE.
· Note: The periodic CSI-RS is used for pathloss reference.
· Option 5: Support semi-persistent CSI-RS for pathloss reference RS.
· Note: Baseline is that the same transmission power is applied within SRS resource set (same as Rel-15).


Agreement
For latency/overhead reduction across multiple CCs/BWPs, support single MAC-CE to activate at least the same set of PDSCH TCI state IDs for multiple CCs/BWPs
· Example 1: Reuse Rel-15 MAC-CE to activate same set of TCI state IDs for all active BWPs in same band or cell group(s) on FR2
· Support of this mode can be indicated by UE capability
· To operate in this mode, UE may expect the same QCL-TypeD RS is configured for same TCI state ID for all BWPs in each band or cell group(s)
· For activation MAC-CE received on any active BWP in a band or cell group(s), indicated activated TCI state IDs will be applied to every active BWP in that band or cell group(s)
· Example 2: Reuse Rel-15 MAC-CE to activate one set of TCI state IDs (including both QCL Type-A and Type-D RSs) for an active BWP of the CC indicated by the MAC-CE to be applied to all active BWPs in same band or cell group(s) on FR2
· Note: The QCL Type A RS(s) applied to each CC/BWP is that corresponding to the same resource ID(s) indicated by the TCI state IDs 
· FFS: operation/signaling details including the possibility to activate different sets of PDSCH TCI state IDs for multiple CCs/BWPs
· Note: QCL type-A comes from the BWP where the TCI state is applied

Agreement 
At least for UEs supporting beam correspondence, if spatial relation info for dedicated-PUCCH/SRS, except for SRS with usage = 'BeamManagement', is not configured in FR2, the applied default spatial relation for the dedicated-PUCCH/SRS is down-selected from the followings in RAN1#98bis
· Alt.1: default TCI state or QCL assumption of PDSCH (e.g. the most recent slot and the lowest CORESET ID)
· Alt.2: one of an active TCI state of CORESET
· FFS: details of which TCI state
· Alt.3: TCI state of scheduling PDCCH for A-SRS/PUCCH, and default TCI state or QCL assumption of PDSCH for other than A-SRS/PUCCH
· Alt.4: CORESET#0 QCL assumption
· Alt.5: pathloss reference RS
· FFS: details of which pathloss reference RS
· FFS: whether to apply the above for UEs not supporting beam correspondence


Agreement
RAN1 will conclude on the following issue in RAN1#98bis
Q3: Is there a case where the SR-like dedicated PUCCH resource for SCell BFR is not configured? If the SR-like dedicated PUCCH resource is not configured, one possible option being considered by RAN2 is that the UE follows the existing framework for requesting uplink resources when no uplink resources are available (i.e. performs CBRA on SpCell).

Agreement
· When dedicated IMR is configured,
· NW can configure interference measurement for L1-SINR with either of the following options
· ZP-IMR only
· NZP-IMR only 
· (WA) ZP-IMR and NZP IMR (interference measurement is taken on both)
· Maximum Number of ZP IMR is 1
· FFS: Support of NZP IMR and ZP IMR are separate UE capabilities 



In this contribution, we present our views on various aspects of multi-beam operation enhancement, including overhead/latency reduction, SCell BFR and L1-SINR based beam reporting. Relevant scenarios will be discussed as well as the potential approaches and feasible alternative solutions. 
Discussions
Overhead/Latency reduction
In last meeting, the issues of default spatial relation info for PUCCH or SRS resource was discussed and a few alternatives were identified:
	· Alt.1: default TCI state or QCL assumption of PDSCH (e.g. the most recent slot and the lowest CORESET ID)
· Alt.2: one of an active TCI state of CORESET
· FFS: details of which TCI state
· Alt.3: TCI state of scheduling PDCCH for A-SRS/PUCCH, and default TCI state or QCL assumption of PDSCH for other than A-SRS/PUCCH
· Alt.4: CORESET#0 QCL assumption
· Alt.5: pathloss reference RS
· FFS: details of which pathloss reference RS
· FFS: whether to apply the above for UEs not supporting beam correspondence



Before we can determine a solution, we shall consider the issue more closely. First of all, for SRS transmission, the issue only exists for periodic SRS transmission and aperiodic SRS transmission but does not exist for the semi-persistent SRS transmissions. Because the activation MAC CE for semi-persistent SRS transmission indicates the spatial relation info for the activated SRS transmission, while the spatial relation info for periodic SRS transmission and aperiodic SRS transmission is configured by RRC. To resolve the issue, we shall consider different solutions for periodic SRS transmission and aperiodic SRS transmission due to different transmission characteristics.  
· The transmission of aperiodic SRS is dynamically triggered by a DCI. If the spatial relation info is not configured, the transmit beam on the SRS transmission can follow the Rx beam used to receive the DCI triggering the SRS transmission. The default spatial relation info for a triggered SRS transmission can be the RS configured for QCL-type D in the TCI state configured to the CORESET where the triggering DCI is detected.
· For a periodic SRS resource, there is no triggering PDCCH that is ‘associated’ with SRS transmission. If the spatial relation info is not configured, the UE can use a transmit beam that corresponds to the Rx beam used to receive one given PDCCH, for example the CORESE with lowest ID. The default spatial relation info can be the RS configured for QCL-type D in the TCI state configured to the CORESET with lowest CORESET ID.
To design the default transmit beam on PUCCH, we shall consider the fact that various UCI types can be carried in PUCCH transmission, which include HARQ-ACK for PDSCH transmission, periodic and semi-persistent CSI reports and SR:
· If the PUCCH transmission is triggered by a DCI, for example HARQ-ACK for PDSCH, the default spatial relation info applied to the PUCCH transmission can be the RS configured for QCL-type D in the TCI state configured to the CORESET where the corresponding DCI is detected.
· If the PUCCH transmission is periodic CSI report or SR, the default spatial relation info can be the RS configured for QCL-type D in the TCI state configured to the CORESET with lowest CORESET ID.
 Proposal 1: For a UE with beam correspondence, if spatial relation info is not configured to an SRS resource or PUCCH resource:
· For an aperiodic SRS resource or PUCCH transmission triggered by DCI, the default spatial relation info is the RS of QCL-typeD in the TCI-state of the CORESET carrying the triggering DCI.
· For periodic SRS or PUCCH transmission carrying periodic/semi-persistent CSI report or SR, the default relation info is the RS of QCL-type D in the TCI-state configured to the CORESET with lowest CORESET ID.
The alternatives discussed above do not work for UE without beam correspondence because the UE without beam correspondence is not able to derive uplink transmit beam based on downlink RS. If an SRS resource or PUCCH resource is not configured with spatial relation info, the UE without beam correspondence can assume the default spatial relation info to be the transmit beam that is used to transmit the RACH msg1 in the most recent successful RACH transmission.
Proposal 2: For a UE without beam correspondence, if spatial relation info is not configured to an SRS resource or PUCCH resource, the default spatial relation info is the transmit beam that is used to transmit the RACH msg1 in the most recent successful RACH transmission.
Updating pathloss RS for PUSCH and SRS transmission was discussed in last couple of meetings.  One motivation for that is the spatial relation info for aperiodic SRS can be updated by MAC CE signaling and therefore, it looks like the pathloss RS shall be updated due to transmit beam being switched. First of all, the motivation needs further study. It has not been clearly shown that we do need to update the pathloss RS as fast as switching transmit beam in multi-beam operation. The pathloss measurement is based on layer 3 filtered RSRP and the UE is supposed to track the given path loss RS for long time to maintain stable path loss measurement. In contrast, switching transmit beam in multi-beam operation is a L1/L2 operation. They would work with totally different time scale. To update pathloss due to updating spatial relation info through MAC CE needs justifications. 
If we decided to update pathloss for PUSCH and SRS resource through MAC CE, the MAC CE message shall only ‘activate’ or select one of multiple pathloss RSs configured for SRS or PUSCH transmission in RRC, instead of indicating totally new pathloss RSs. This principle is necessary for stable pathloss measurement operation. 
· For a SRS transmission, the pathloss RS is configured to an SRS resource set while spatial relation info is configured to each SRS resource in the SRS resource set. For an aperiodic SRS resource set, we can configure one or more pathloss RSs. If more than one pathloss RSs are configured, the MAC CE message updating the spatial relation info for the SRS resources in that set can also indicate one of those configured pathloss RSs for the set. 
· The pathloss RS for a PUSCH transmission (codebook-based or non-codebook-based) scheduled by DCI format 0_1 is implicitly indicated through the SRI indicated in the scheduling DCI. The UE determines the pathloss RS from the value of PUSCH-pathlossReferenceRS-Id that is mapped to the SRI field in DCI format 0_1. In RRC, the UE is configured with a list of PUSCH path loss RSs. We can use a MAC CE to update the mapping between the SRI filed in DCI format 0_1 and the PUSCH pathloss Reference RS IDs.
Proposal 3: Further study is needed to justify updating pathloss RS for PUSCH and SRS transmission through MAC CE.
Proposal 4: If updating pathloss RS through MAC CE is agreed, consider the following solutions:
· For an SRS resource set, the gNB configures multiple pathloss RSs and the MAC CE activates one.
· For PUSCH scheduled by DCI 0_1, MAC CE message updates the mapping between the value of SRI field and PUSCH pathloss reference RS IDs.
In RAN1 #97, we agreed a WA to support two groups of PUCCH resources for updating/indicating a single spatial relation per group of PUCCH resources. In our view, that WA shall be confirmed. The use case is multi-TRP scenario. In a multi-PDCCH based multi-TRP scenario, the UE transmits at least HARQ-ACK/NACK through PUCCH to two different TRPs. The UE applies different Tx beams on PUCCH transmission to different TRPs. Therefore, the UE shall be configured with two spatial relations for PUCCH resources. One spatial relation is applied to PUCCH transmission to the first TRP while the other spatial relation is applied to PUCCH transmission to the second TRP.
Proposal 5: Confirm the WA of supporting two PUCCH groups for updating/indication of a single spatial relation per group.
We do not explicitly divide the PUCCH resources into two groups for the purpose of indicating spatial relation. And we do not need to define some ‘PUCCH group ID’ to explicitly divide the PUCCH resources in two group. According the specification, the PUCCH resource for one PUCCH transmission can be dynamically determined. For example, the PUCCH resources for a HARQ transmission is determined by and the number of CCEs in the CORESET and the following equation:


In multi-TRP scenario, the same PUCCH resource can be used for HARQ transmission to the first TRP in one slot but used for HARQ transmission to the second TRP in another slot. So, it is not feasible to fix the association between one of those two spatial relations to a PUCCH resources. The UE shall determine the spatial relation for each PUCCH transmission according to the transmission target TRP. For example, two spatial relations for PUCCH are indicated to the UE. The first spatial relation is for TRP 1 and the second spatial relation is for TRP 2.  For a given PUCCH transmission, if the UCI target TRP is TRP 1, the UE applies the first spatial relation, while the UE applies the second spatial relation if the UCI target TRP is TRP 2.  
In single TRP case, the use case for configuring two spatial relations for PUCCH resources in one BWP is to the gNB can configure the UE to use two different beam direction on PUCCH transmission for higher beam diversity. For each indicated spatial relation info, the gNB can indicate the index(es) of PUCCH resources on which the UE shall apply the indicated spatial relation. One implementation method can be the MAC CE can use a bitmap to indicate the index(es) of PUCCH resources which one spatial relation is applied to.  
Proposal 6: Do not configure the PUCCH group explicitly and do not introduce explicit ‘PUCCH group ID’. Support the following methods for determining spatial relation for a PUCCH resource:
· The UE is indicated with two spatial relations for PUCCH. For a given PUCCH transmission, the UE determine the spatial relation according to the TRP that receives the PUCCH transmission. This method is applicable to multi-TRP case.
· The gNB indicate the index(es) of PUCCH resources for one spatial relation. This method is applicable to single-TRP case with two indicated spatial relation for PUCCH.
In release 15, there is no Tx beam indication field in DCI format 0_0. The PUSCH transmission scheduled by DCI format 0_0 uses the Tx beam configured to the PUCCH with lowest ID.  Since we change method of spatial relation of PUCCH now, the Tx beam indication for fallback PUSCH shall be considered too. If only a single spatial relation is indicated for all the PUCCH resources in one BWP, the fallback PUSCH shall follow that spatial relation. In multi-PDCCH based multi-TRP scenarios, two spatial relation are indicated for all the PUCCH resources in one BWP.  The UE shall choose spatial relation for a fallback PUSCH based on which TRP schedules that PUSCH transmission. If the TRP 1 schedules a fallback PUSCH transmission, the UE applies the spatial relation configured for TRP 1 and if the TRP 2 schedules a fallback PUSCH transmission, the UE applies the spatial relation configured for TRP 2.
Proposal 7: The method of Tx beam indication for PUSCH scheduled by DCI format 0_0 shall be re-designed, at least for multi-TRP case.
SCell BFR
Performing SCell BFR is UE capability and the number of SCells the UE is able to perform BFR is also UE capability. When configured to perform BFR on one or multiple SCells, the UE shall perform beam failure detection and the beam failure recovery per SCell. The SCells in the same band generally would use the same Tx beam for downlink transmission. However, the beam failure is detected based on hypothetical BLER that depends on both Tx beam link quality and interferences that are generally different in different SCells.  Therefore, it is not necessary to detect beam failure for a group of SCells.  On each SCell configured for SCell BFR, the UE monitors the associated beam failure detections RSs that can be configured by system explicitly or generated by the UE based on the TCI states configured to the PDCCH in that SCell. The maximal number of beam failure detection RSs for PCell is 2, as specified in rel15 because there is one CORSET/SS dedicated for beam failure recovery. However, SCell does not have such a CORESET/SS. The beam failure is defined when all the UE-specific PDCCHs meet beam failure. Therefore, the maximal number of beam failure detection RS for a SCell shall be 3. The beam failure detection and declare procedure specified for PCell can be re-used here for SCell beam failure detection.  For a given SCell, the physical layer reports SCell beam failure instance to higher layer periodically, where the period is the maximum of the shortest periodicity of beam failure detection RSs and 2miliseconds. The higher layer can declare SCell beam failure when the number of consecutive SCell beam failure instances reach a threshold.  When SCell beam failure is detected, the UE can first check whether UL grant is available for SCell BFRQ MAC CE transmission. If a UL grant is available, the UE can prepare the SCell BFRQ MAC CE and do not trigger the SCell BFR SR transmission. If no UL grant is available, the UE triggers the SCell BFR SR. Another option of UE behavior is the UE can first trigger the SCell BFR SR when SCell beam failure is detected. Then the UE checks whether UL grant is available for SCell BFRQ MAC CE transmission. If a UL grant is available, the UE can cancel the SCell BFR SR transmission.
Proposal 8: For beam failure detection on SCell:
· SCell beam failure detection is performed per SCell. 
· Beam failure detection procedure specified for PCell in Rel15 is re-used for SCell
· The maximal number of SCell beam failure detection RSs for a SCell is 3 for both implicit and explicit configuration.
The configuration of new beam RS for SCell BFR was discussed in last meeting and two options for new beam RS configuration were identified. One option (Alt1) is the network must configure new beam RS for a SCell if the UE is configured to perform BFR on the SCell. Another option (Alt3) is the UE can consider the SSB as new beam RS for a SCell BFR if the network does not configure new beam RS for that SCell. We do see the merit of Alt 3 is the RRC configuration signaling can be reduced. The gNB does not need signal a list of CSI-RS resource IDs and the UE can assume default new beam RSs. However, generally, the gNB does not transmit SSB in SCells. If we go with the design of Alt2, we would have to specify the solution for different deployment scenarios. For example, if a SCell has SSB, the UE can assume those SSB as default new beam RS. If a SCell has no SSB but in the same band as PCell, the UE might assume those SSB in PCell as default new beam RS. In the CA deployment with PCell and SCell in different band, for example PCell in FR1 but SCell in FR2, the UE cannot assume the SSB transmitted in the PCell as the new beam RSs for SCell. Therefore, Alt1 is much more simple and clear solution than Alt 3.
Proposal 9: When no new beam RS is configured for a SCell, supports Alt1. 
The step-1msg in SCell BFR is a SR-like PUCCH transmission as we agreed. The only purpose for step-1 msg is to request UL grant to carry the MAC CE of SCell BFRQ, i.e., step-2 msg. In our view, the configuration of SR-like PUCCH for SCell BFR is optional. If the SR-link PUCCH for SCell BFR is not configured, the UE can use any other mechanisms that can request UL grant to request UL grant for carrying SCell BFRQ. Actually, if a UL grant is available, the UE can just transmit PUSCH carrying the SCell BFRQ in that UL grant without requesting.  
The SR-like PUCCH for SCell BFR is a PUCCH transmission configured for SR of SCell BFR. In uplink transmission, it could overlap with all other types of PUCCH transmissions, including:
· SR for URLLC and HARQ-ACK for URLLC
· SR for eMBB and HARQ-ACK for eMBB
· CSI report.
We shall specify the priority of SR for SCell BFR with respect to all those PUCCH transmission so that the UE can properly multiplex or drop them when SR for SCell BFR overlaps with any bother PUCCH transmission. The PUCCH transmission for URLLC has much tighter latency requirement than the SR of SCell BFR and thus the SR for URLLC and HARQ-ACK for URLLC shall have higher priority than the SR of SCell BFR. The SCell BFR shall have tighter latency requirement than the eMBB transmission. So, the SR of SCell BFR shall have higher priority than SR for eMBB and HARQ-ACK for eMBB. Regarding the overlapping with CSI reports, the SR of SCell BFR can be multiplexed with CSI reports UCI bits, similar to what is specified for SR of eMBB in rel15 with consideration of different priority values of SR of URLLC, SR of SCell BFR and SR of eMBB.
 Proposal 10: Support the following priority rule for SR of SCell BFR:
· SR of SCell BFR has lower priority than SR of URLLC and HARQ-ACK of URLLC
· SR of SCell BFR has higher priority than SR of eMBB and HARQ-ACK of eMBB

SCell step-2 MAC CE can be carried in any normal PUSCH transmission, which can be scheduled by a UL DCI or configured grant. The UE can claim the step-2 MAC CE is received if the PUSCH carrying the MAC CE is ‘ACK’.  Actually, the response for step-2 MAC CE is not well designed yet. There exist a few issues. For PUSCH transmission, there is no explicit HARQ-ACK feedback. If the PUSCH carrying step-2 MAC CE is received correctly and there is no more UE uplink data, the gNB might not send DCI scheduling uplink grant until new uplink data is coming. That would cause large latency for the UE to claim the completeness of SCell BFR. One can argue that the gNB can send DCI to request a ‘dummy’ new transmission. However, that is up to gNB’s implementation. If the gNB does not implement that, the UE would wait for a long time. Furthermore, the step-2 MAC CE can be carried in PUSCH of configured grant. For retransmission of PUSCH in configured grant, the gNB sends a DCI scrambled with CS-RNTI with NDI = 1. But for new PUSCH transmission in configured grant, the gNB would not send DCI to indicate the new transmission.  To resolve the issue, the UE can be configured with a time window that starts after the step-2 MAC CE is transmitted. If the UE does not receive any DCI scheduling retransmission for the same HARQ process number within the time window, the UE can assume the PUSCH carrying the MAC CE is received by the gNB correctly and claim the SCell BFR is completed.
[bookmark: _GoBack]Proposal 11: After the UE sends ste-2 MAC CE in a PUSCH, the UE can claim the BFR procedure is finished if:
· The UE does not receive any DCI scheduling PUSCH transmission for the same HARQ process number within a time window or
· The UE receives DCI scheduling new PUSCH transmission for the same HARQ process number.

A SCell can be activated or deactivated. The BFR for one SCell would be affected by the deactivation operation. When a SCell is deactivated, the on-going BFR procedure for that SCell shall be stopped. 
[bookmark: _Hlk7635472]Proposal 12: The on-going BFR procedure is stopped upon the deactivation of the associated SCell.
L1-SINR based beam reporting
We agreed the report format for L1-SINR report to be:
	CSI report number
	CSI fields

	CSI report #n
	CRI or SSBRI #1, if reported

	
	CRI or SSBRI #2, if reported

	
	CRI or SSBRI #3, if reported

	
	CRI or SSBRI #4, if reported

	
	SINR #1, if reported

	
	Differential SINR #2, if reported

	
	Differential SINR #3, if reported

	
	Differential SINR #4, if reported


One FFS point is definition of differential SINR reporting values. Differential SINR is calculated as the difference between the measured L1-SINR with respect to the largest measured L1-SINR. The L1-SINR quantization is based on what is specified in 38.133, which uses a 7-bit value and 0.5 dB step size and ranges from -23 dB to 40 dB. The differential SINR quantization value can use a 4-bit value and 2 dB step size. That can provide differential SINR range from 0dB to -30dB. Since the report value of L1-SINR can only reports the value of L1-SINR between -23 dB and 40dB, when one L1-SINR other than the largest L1-SINR is less than -23dB or larger than 40 dB, the differential SINR cannot deliver that information. To resolve the issue, one report value of differential SINR can be used to indicate that the corresponding L1-SINR measurement is below -23dB when the reported value of the L1-SINR is greater than 3dB and one report value can be used to indicate that the corresponding L1-SINR measurement is above 40dB when the reported value of the L1-SINR is > 40dB.
Proposal 13: Define the differential L1-SINR as follows:
· Report value of differential SINR uses a 4-bit value and 2dB step size. 
· One report value X1 of differential SINR is used to indicate that the corresponding measured L1-SINR is < -23dB when the reported L1-SINR is < 3dB 
· One report value X2 of differential SINR is used to indicate that the corresponding measured L1-SINR is > 40dB when the reported L1-SINR is > 40dB

For L1-SINR based beam report, either ZP-IMR or NZP CSI-RS can be configured as IMR.  If the ZP-IMR is configured as IMR, the gNB can configure 1-to-1 mapping between the CMR and IMR, as what was agreed. If the NZP CSI-RS resource is configured as IMR for L1-SINR based beam report, we have identified the following alternatives:
	Proposal
 
For L1-SINR based beam report, in a CSI-reportConfig, if IMR is configured to be based on NZP-IMR only, down-select at least one of the following resource configuration schemes in RAN1 #98b:
· Option 1a: CMR and IMR are 1-to-1 mapped
· In a CSI-reportConfig, gNB configures a list of N CMR(s) and another list of N IMR(s), and they are 1:1 mapped
· For each SINR, interference is measured based on each associated NZP-IMR only
· UE may assume that the NZP CSI-RS resource for channel measurement and NZP CSI-RS resource(s) for interference measurement configured for one CSI reporting are QCLed with respect to 'QCL-TypeD’
· FFS: Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer
· Option 2a: 1 CMR can be mapped to 1 or more than 1 IMRs
· In a CSI-reportConfig, gNB configures a list of N CMR(s) and another list of N*M IMR(s), and each CMR is associated with every M IMR(s) in order
· UE may assume that the NZP CSI-RS resource for channel measurement and the M NZP CSI-RS resource(s) for interference measurement configured for one CSI reporting are QCLed with respect to 'QCL-TypeD'
· For each SINR, interference is measured based on accumulating measurement of all the associated M IMR(s)
· FFS: Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer
· [Option 2b: 1 CMR can be mapped to 1 or more than 1 IMRs
· In a CSI-reportConfig, gNB configures a list of N CMR(s) and another list of N*M IMR(s), and each CMR is associated with every M IMR(s) in order
· For each SINR, interference is measured based on one selected/reported IMR
· UE may assume that the NZP CSI-RS resource for channel measurement and NZP CSI-RS resource(s) for interference measurement configured for one CSI reporting are QCLed with respect to 'QCL-TypeD’
· FFS: Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer]
· [Option 2c: 1 CMR can be mapped to 1 or more than 1 IMRs
· In a CSI-reportConfig, gNB configures a list of N CMR(s) and another list of M*K IMR(s)
· UE measures N CMR(s) firstly, and selects K CMR(s) based on L1-RSRP. Then, the L1-SINR of K CMR(s) are calculated with the M*K IMR(s), where CMR(s) and IMR(s) are 1:M mapped in order.
· For each SINR, interference is measured based on selected/reported NZP-IMR
· UE may assume that the NZP CSI-RS resource for channel measurement and NZP CSI-RS resource(s) for interference measurement configured for one CSI reporting are QCLed with respect to 'QCL-TypeD’
· FFS: Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer]
· Option 3: 1 IMR can be mapped to 1 or more than 1 CMRs
· In a CSI-reportConfig, gNB configures a list of NK CMR(s) and another list of N NZP-IMR(s). They are K:1 mapped in order.
· For each SINR, interference is measured based on associated one IMR for a CMR.
· UE may assume that the K NZP CSI-RS resource(s) for channel measurement and NZP CSI-RS resource for interference measurement configured for one CSI reporting are QCLed with respect to 'QCL-TypeD’
· FFS: Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer



Among those 5 options, Options 2a and 2c are preferable in our view. In Option 2a, the gNB configures a first set of N NZP CSI-RS resources for channel measurement and a second set of  NZP CSI-RS resources for interference measurement for L1-SINR calculation. The mapping between CSI-RS resource for channel measurement and NZP CSI-RS resources for interference measurement is configured by the gNB. One simple method for association between CMR and IMR is: the n-th entry of CSI-RS resource in the first set is associated with the {(n-1)×M+1,…, n×M}-th entries of NZP CSI-RS resources in the second set.  Each L1-SINR is calculated based on channel measurement on CSI-RS resource of n-th entry in the first set and the associated NZP CSI-RS resources of {(n-1)×M+1,…, n×M}-th entries in the second set. For the L1-SINR calculation of n-th entry CSI-RS resource in the first set, the signal power is the linear average over the power contribution of the REs carrying the CSI reference signals of the n-th entry CSI-RS resource in the first set and the interference power is the sum of the linear average over the power distribution of REs carrying CSI reference signals of the NZP CSI-RS resource of{(n-1)×M+1,…, n×M}-th entries in the second set and the noise power can be the linear average of the noise power distribution over REs carrying CSI reference signals of the CSI-RS resource of n-th entry in the first set. 
In Option 2b, the gNB also configures a first set of N NZP CSI-RS resources for channel measurement and a second set of  NZP CSI-RS resources for interference measurement for L1-SINR calculation. The mapping between CSI-RS resource for channel measurement and NZP CSI-RS resources for interference measurement is configured by the gNB. One simple method for association between CMR and IMR is: the n-th entry of CSI-RS resource in the first set is associated with the {(n-1)×M+1,…, n×M}-th entries of NZP CSI-RS resources in the second set. For each CSI-RS resource in the first set, the UE can calculate up to M L1-SINR values and each L1-SINR value is calculated based on channel measurement on CSI-RS resource of n-th entry in the first set and interference measurement of one associated NZP CSI-RS resource among the {(n-1)×M+1,…, n×M}-th entries in the second set. For the L1-SINR calculation of n-th entry CSI-RS resource in the first set and one associated NZP CSI-RS resource for interference measurement, the signal power is the linear average over the power contribution of the REs carrying the CSI reference signals of the n-th entry CSI-RS resource in the first set and the interference power is the the linear average over the power distribution of REs carrying CSI reference signals of that associated NZP CSI-RS resource in the second set and the noise power can be the linear average of the noise power distribution over REs carrying CSI reference signals of the CSI-RS resource of n-th entry in the first set. 
 In Option 2b, for one reported L1-SINR value, the UE shall also report the index of the NZP CSI-RS resource used for the calculation of that L1-SINR value besides the indicator of the CSI-RS resource used for channel measurement. One alternative to report both indicator of CSI-RS resource used for channel measurement and NZP CSI-RS resource for interference measurement is the UE reports CRI that indicates the CSI-RS used for CMR and one  bits to indicate one IMR among those M IMRs associated with the reported CMR.  Another alternative is that the CRI uses  bits and each CRI value indicate one combination of {CMR, one IMR that is associated with the CMR}. The second one is more preferable because it does not change the agreed report format.
Regarding the other Options:
· Option 1a:  it is a special case of Option 2a and 2b with M = 1. 
· Option 2c: one critical issue of Option 2c is the mapping between CMR and IMRs are not configured by the gNB and is not known by the gNB too, instead it is determined dynamically by the UE. As described in Option 2c, the gNB configures N CMRs and M×K to the UE but the gNB does not configure the association between CMRs and IMRs. The UE measures and first selects K CMRs and then the UE can assume some association between the selected CMRs and IMRs. Please note that selection of those K CMRs are completely up to UE measurement and the gNB is not aware of that. Thus the gNB does not have any knowledge on the mapping between CMRs and IMRs. 
· Option 3: The issue of Option 3 is the L1-SINR measurement becomes useless with the configuration proposed by option 3. One justification for supporting L1-SINR beam measurement in addition to L1-RSRP is because L1-SINR measurement would provide extra information that is not provided by the L1-RSRP. With the configuration proposed by Option 3, one IMR is mapped with multiple CMRs. That means the L1-SINR calculation of those CMRs would use the same interference measurement. The CMR with best L1-RSRP would also provide the best L1-SINR. Then the question for Option 3 is: L1-RSRP based beam reporting is already supported, why to additionally support L1-SINR that does not provide any extra information.
Proposal 14: For IMR based on NZP CSI-RS, supports option 2a and 2b for resource configuration
· For 2b, one CRI value indicates one pair of {CMR, one IMR that is associated with the CMR}.

In Rel-15, the priority of L1-RSRP beam report and CSI reports are specified for the cases when they collide in uplink transmission. L1-SINR based beam report is introduced in Rel-16. We need specify the priority of L1-SINR based beam report vs L1-RSRP beam report and CSI report. In our view, L1-SINR based beam report should have higher priority than L1-RSRP beam report but lower priority than CSI report.
Proposal 15: L1-SINR based beam report has higher priority than L1-RSRP based beam report and lower priority than CSI report.
For Rel-15, beam reporting is based on wideband L1-RSRP due to the low overhead of reporting and good robustness. Another reason is beam reporting is generally for analog beams that is applied in the manner of wideband. The same principle and reason should be applied here for L1-SINR beam reporting. Sub-band L1-SINR-based beam reporting is not necessary in our view.
[bookmark: _Hlk16113077]Proposal 16: Only wideband L1-SINR is supported for beam reporting in Rel-16.
Conclusion
In this contribution, we presented our views on L1-SINR beam reporting, SCell BFR, overhead and latency reduction, as well as multi-panel UE. Based on the discussion, the following proposals are provided:
Proposal 1: For a UE with beam correspondence, if spatial relation info is not configured to an SRS resource or PUCCH resource:
· For an aperiodic SRS resource or PUCCH transmission triggered by DCI, the default spatial relation info is the RS of QCL-typeD in the TCI-state of the CORESET carrying the triggering DCI.
· For periodic SRS or PUCCH transmission carrying periodic/semi-persistent CSI report or SR, the default relation info is the RS of QCL-type D in the TCI-state configured to the CORESET with lowest CORESET ID.
Proposal 2: For a UE without beam correspondence, if spatial relation info is not configured to a SRS resource or PUCCH resource, the default spatial relation info is the transmit beam that is used to transmit the RACH msg1 in the most recent successful RACH transmission.
Proposal 3: Further study is needed to justify updating pathloss RS for PUSCH and SRS transmission through MAC CE.
Proposal 4: If updating pathloss RS through MAC CE is agreed, consider the following solutions:
· For an SRS resource set, the gNB configures multiple pathloss RSs and the MAC CE activates one.
· For PUSCH scheduled by DCI 0_1, MAC CE message updates the mapping between the value of SRI field and PUSCH pathloss reference RS IDs.
Proposal 5: Confirm the WA of supporting two PUCCH groups for updating/indication of a single spatial relation per group.
Proposal 6: Do not configure the PUCCH group explicitly and do not introduce explicit ‘PUCCH group ID’. Support the following methods for determining spatial relation for a PUCCH resource:
· The UE is indicated with two spatial relations for PUCCH. For a given PUCCH transmission, the UE determine the spatial relation according to the TRP that receives the PUCCH transmission. This method is applicable to multi-TRP case.
· The gNB indicate the index(es) of PUCCH resources for one spatial relation. This method is applicable to single-TRP case with two indicated spatial relation for PUCCH.
Proposal 7: The method of Tx beam indication for PUSCH scheduled by DCI format 0_0 shall be re-designed, at least for multi-TRP case.
Proposal 8: For beam failure detection on SCell:
· SCell beam failure detection is performed per SCell. 
· Beam failure detection procedure specified for PCell in Rel15 is re-used for SCell
· The maximal number of SCell beam failure detection RSs for a SCell is 3 for both implicit and explicit configuration.

Proposal 10: Support the following priority rule for SR of SCell BFR:
· SR of SCell BFR has lower priority than SR of URLLC and HARQ-ACK of URLLC
· SR of SCell BFR has higher priority than SR of eMBB and HARQ-ACK of eMBB
Proposal 11: After the UE sends step 2 MAC CE in a PUSCH, the UE can claim the BFR procedure is finished if:
· The UE does not receive any DCI scheduling PUSCH transmission for the same HARQ process number within a time window or
· The UE receives DCI scheduling new PUSCH transmission for the same HARQ process number.
Proposal 12: The on-going BFR procedure is stopped upon the deactivation of the associated SCell.
Proposal 13: Define the differential L1-SINR as follows:
· Report value of differential SINR uses a 4-bit value and 2dB step size. 
· One report value X1 of differential SINR is used to indicate that the corresponding measured L1-SINR is < -23dB when the reported L1-SINR is < 3dB 
· One report value X2 of differential SINR is used to indicate that the corresponding measured L1-SINR is > 40dB when the reported L1-SINR is > 40dB
Proposal 14: For IMR based on NZP CSI-RS, supports option 2a and 2b for resource configuration
· For 2b, one CRI value indicates one pair of {CMR, one IMR that is associated with the CMR}.
Proposal 15: L1-SINR based beam report has higher priority than L1-RSRP based beam report and lower priority than CSI report.
Proposal 16: Only wideband L1-SINR is supported for beam reporting in Rel-16.
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