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1. Introductions
In RAN1 #98 meeting, FR2 multi-beam related issues were discussed, e.g. RRC signaling overhead and latency reduction, UL panel specific beam selection, SCell BFR and L1-SINR [1]. In this paper, we further share our views on these issues for MIMO enhancements in Rel-16. 
2. Higher layer signalling overhead and latency reduction
	Working Assumption

For the supported feature of simultaneous update/indication of a single spatial relation per group of PUCCH by using one MAC CE, the following configuration options for the group are supported:

· At least up to two groups per BWP

· FFS: Details on configuring the groups including whether to use implicit method or explicit method

· For example, each corresponding to different TRP/panel, at least for multi-TRP/panel case

· Another example, each corresponding to different active spatial relation at least for single TRP case

· If there is no consensus to support more than two groups, only up to two groups will be supported in Rel-16



In the agreements of RAN1 #97 meeting, the issue for PUCCH resource group is discussed for simultaneous update/indication of a single spatial relation per group of PUCCH resources by using one MAC CE. At least for single TRP case each PUCCH resource group can correspond to different active spatial relation, where PUCCH resources in a group have similar spatial propagation characteristics. Our preference is not to couple PUCCH resource group defined here and the ‘PUCCH group’ that may or may not be defined for multi-TRP purpose. The original intention for this issue to reduce signalling overhead still remains regardless of PUCCH group defined for multi-TRP. We should make a general design decoupled from multi-TRP. When the spatial relation needs to be updated, the gNB can use a MAC CE to indicate a new spatial relation of multiple PUCCH resources, where MAC CE for PUCCH spatial relation activation/deactivation in Rel-15 can be reused, e.g. the reserved bit is used to indicate the spatial relation for a PUCCH resource or for multiple PUCCH resources. To reduce RRC signalling overhead and latency, a bitmap can be used to indicate multiple PUCCH resources in a BWP and their single spatial relation in the MAC CE which may include 128 bits for all PUCCH resources in a BWP and does not affect RRC spec.
Proposal 1: 

· Reuse MAC CE for PUCCH spatial relation activation/deactivation in Rel-15 to indicate the spatial relation of multiple PUCCH resources.

· A bitmap in the same MAC CE in Rel-15 is used to indicate multiple PUCCH resources.
	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).




In NR Rel-15, uplink beam indication mechanisms can be reused as power control parameters indication. For PUSCH, the actual tranmission beam/power control parameter is indicated by SRI, and the linkage of them are preconfigured by RRC. For PUCCH, the actual tranmission beam/power control parameter is indicated by MAC CE, and the linkage of them are preconfigured by RRC. For SRS, as SRS is triggered by set level, the tranmission beam/power control parameter is set level preconfigured by RRC.
Generally, to perform accurate and effective power control, beam indication related DL RS and pathloss RS are aligned. However, they can be independently configured in NR Rel-15. That means when UL and DL beam pair association was changed, power control parameters may also need to be reconfigured. For the case of PUCCH beam switching, it is easier to update pathloss RS and other power control parameters, since PUCCH power control parameters are configured within spatial relation information. But for the cases of PUSCH and SRS beam switching, it is more difficult as spatial relation information and power control parameters are separatly configured, the overhead of signaling and reconfiguration lantency cannot be ignored. 

To minimize specification impact, for codebook based PUSCH transmission, one compelling solution is to reuse periodic DL RS in spatial relation information as pathloss RS directly, which can reduce signaling overhead and latency. For non-codebook based PUSCH, support of more than 1 layer transmission should not be discussed anymore, which is down-scoped along with multi-panel discussion. For SRS resources, changing beams does not necessarily mean UE has to change power control parameters since Rel-15 supports different SRS resources targeting different directions could refer to the same downlink pathloss RS. With these understanding, we only see the necessity of updating pathloss RS for codebook based PUSCH transmission. Besides pathloss RS, it seems updating other power control parameters is unnecessary.

Proposal 2:

· Support 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.
	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



In TS 38.321 of 3GPP Rel-15[2], the network may activate and deactivate the configured TCI states for PDSCH of a Serving Cell by sending the TCI States Activation/Deactivation for UE-specific PDSCH MAC CE. The MAC CE has a variable size consisting of the fields : Serving Cell ID, BWP ID, Ti for activation/deactivation status of the TCI state with TCI-StateId i, reserved bit. 
For this issue there are two examples for latency/overhead reduction of PDSCH TCI state activation. For the first example, the same QCL-TypeD RS can be configured for all BWPs in each band or cell group(s), or the QCL-TypeD RS is configured for a BWP is applied to the other BWPs in same band or cell group, where the QCL-TypeD RS may not be configued in the other BWPs. For the second example, the TCI state can be configured seperately for each BWP. For TCI state activation/deactivation, the exsisting MAC CE including only one serving cell ID/BWP ID and the TCI state activation/deactivation status can be applied to the other BWPs in same band or cell group. For more flexible TCI sate activation, a single MAC CE can include multiple cell IDs and BWP IDs and the same TCI state activation/deactivation status.  From perspective of beam management, the beam tracking per cell would consume large amount of UE computation resources. If QCL-TypeD RS is same for all BWPs in each band or cell groups, the UE beam management complexity across CCs can be reduced significantly. The scalability and flexibility can be also considered for design of MAC CE for PDSCH TCI state activation.
Proposal 3：
· Support single MAC-CE in Rel-15 to activated same set of PDSCH TCI state IDs for all active BWPs in same band or cell group(s) on FR2.
· The activated set of TCI state IDs for an active BWP of a CC by MAC-CE is applied to multiple active BWPs in the same band or cell group(s).
· The MAC-CE can flexibly indicate cell list and BWP list where activated TCI state IDs are applied.
· The same QCL-Type D RS is configured for same TCI state ID for corresponding cells and BWPs in the list.
	Agreement

At least for UEs supporting beam correspondance, if spatial relation info for dedicated-PUCCH/SRS, except for SRS with usage = 'BeamManagement', is not configured in FR2, a default spatial relation for dedicated-PUCCH/SRS is applied

· FFS: Detail on the default spatial relation
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




For the assumption of single beam operation, if the gNB updates DL TCI state for DL beam of the UE with beam correspondence, the spatial relation for UL beam is also updated. It can save the UL beam management complexity and signalling overhead. If spatial relation info for dedicated PUCCH/SRS, except for SRS with usage = ‘BeamManagement’, is not configured in FR2, some options are provided to determine the default spatial relation. For Alt. 1/2/3 that the beams of PUCCH/SRS are always changing, the power control of SRS and PUCCH may need to further clarified and may require UE to measure and track new pathloss RS and increase UE comlexity. For Alt. 5, if spatial relation info of PUCCH is not configured, the pathloss RS and other power control parameters are also not configured. 
The major scenario that we envision for overhead reduction is in case of traffic with small packet size where large RRC overhead does not match up with the traffic payload, in which one carrier and one BWP with single beam operation is sufficient. Under such cases, the QCL assumption of CORESET#0 configured in a BWP (e.g. initial BWP) can be used as the default spatial relation for dedicated PUCCH/SRS.
Proposal 4: 
· Support Alt.4, for UEs with beam correspondence, if spatial relation info for dedicated-PUCCH/SRS, except for SRS with usage = ‘BeamManagement’, is not configured in FR2, the CORESET#0 (if present) QCL assumption is applied for default spatial relation for the dedicated PUCCH/SRS.
· The pathloss RS of the dedicated PUCCH/SRS also follows the DL RS in the CORESET#0 QCL assumption. Other power control parameters are determined according to default values.
3. Enhancements on SCell beam failure recovery
	Agreement

Support that the BLER threshold for SCell BFD is the same as the default value of rlmInSyncOutOfSyncThreshold.



In Rel-15 for each BWP of a serving cell, a UE can be provided a set 
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of periodic CSI-RS resource configuration indexes by failureDetectionResources for beam failure detection on the BWP of the serving cell. If the UE is not provided failureDetectionResources, the UE determines the set 
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 to include periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets indicated by TCI-state for respective CORESETs that the UE uses for monitoring PDCCH. The UE expects the set 
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 to include up to 2 RS indexes. For SCell BFR, the response after UE transmits PUCCH-BFR can be a normal uplink grant with C-RNTI/MCS-C-RNTI, i.e. CORESET-BFR is not mandatory. Therefore the number of BFD RSs should equal to the number of configured CORESETs with active TCI states in each SCell. It is a general extension of PCell BFD that BFD is performed per SCell. The beam failure status of a SCell can be determined by gNB implementation based on the BFRQ for the other SCell. 

Proposal 5：
· BFD is performed per SCell.
	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




According to the agreement in RAN1 #98 meeting, the UE behaviour should be down-selected when no new beam RS is configured. The motivation and benefit are unclear when other RSs are considered as new beam RS if new beam RS is not configured. In order to avoid additional behaviour at UE, at least one new beam RS should be always configured. In the case that all measurement results of new beam RSs are lower than a threshold, only failed CC index is reported in BFRQ MAC CE. The design of BFRQ MAC CE is up to RAN2, where MAC CE can indicate that no new beam is identified. If no new beam is above or equal to threshold, the gNB can release this failed SCell or regularly re-schedule UE to perform beam management and data transmission. 
Proposal 6: 

· Support Alt 1, UE shall expect gNB to configure at least one new beam RS if BFR for corresponding SCell is configured. 

· If no new beam is identified, UE reports only failed CC index to gNB. 

· MAC CE design for new beam info indication (including the information of ‘no new beam’) is up to RAN2.

	Agreement

For SCell with both UL and DL, at least reuse the same BFRQ procedure as SCell with DL only.

· Note: Whether to support CBRA/CFRA based BFRQ for both scenarios is a separate issue.

· Note: At least from RAN1 perspective, there is no need for introducing restrictions on MAC CE transmission for BFR in Rel-16 

· FFS: Whether PUCCH-BFR can be configured on SCells

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

Send an LS to RAN2 suggesting higher priority for SCell BFR MAC CE than at least UL data, and to have a higher priority for SCell step 1 PUCCH than normal SR

· To be included as part of LS to RAN2




In the agreements of RAN1 #98 meeting, two scenarios of SCell BFR need to be considered, i.e. SCell with DL only, and SCell with both UL and DL. From the perspective of the resource for BFRQ transmission, the following procedure can be used.
If there is next available UL resource for transmission, then the available UL resource is used for BFRQ transmission. Else a request would be transmitted for UL grant. If PUCCH-BFR resource is configured for a UE, the UE transmits the request in the PUCCH-BFR resource to gNB for UL grant. Otherwise, if the PUCCH-BFR resource is not configured or maximum number of PUCCH-BFR is reached, the existing framework for requesting UL resource is reused, i.e. CBRA on SpCell is used, where 2-step RACH based CBRA (if configured) can be used for BFRQ transmission. It is not necessary to configured CFRA per UE to save resources.
Proposal 7：

· When no UL resources are available for BFRQ MAC CE transmission, if PUCCH-BFR resource for SCell BFR is not configured or maximum number of PUCCH-BFR is reached, 2-step RACH based CBRA (if configured) can be used for BFRQ transmission.
For the latency reduction of BFRQ transmission, once the BFRQ MAC CE is triggered by beam failure event in a SCell, the next available UL resource for new transmission can be used for BFRQ MAC CE, where the UL resource can be the PUSCH with configured grant, PUSCH with dynamic grant or PUSCH in 2-step RACH. Moreover, currently Rel-16 is specifying 2-step RACH procedures. PUSCH resources are pre-configured to the UE for 2-step RACH. Once there is beam failure event, we envision the possibility of UE transmitting the SCell BFRQ information to the gNB using the resources configured for 2-step RACH.  
For selection rule of UL grant for BFRQ transmission, the following factors can be considered: the grant for PCell/PSCell or for SCell, the grant for beam failed SCell or for normal SCell, payload size, robustness, latency, etc. Besides, when the UL grant in a cell of same cell group is selected for BFRQ MAC CE, the priority of different BFRQ MAC CEs also needs to be considered, where the priority of multiple BFRQ MAC CEs depends on the SCell ID or SCell type. These SCell BFR issues need to be discussed in RAN2.
Proposal 8：

· The UL resources for BFRQ MAC CE transmission at least include: PUSCH with configured grant, PUSCH with dynamic grant, PUSCH in 2-step RACH.
When PUCCH-BFR transmission is to be made in the same slot with other uplink signal(s), the priority of different UL information should be considered to multiplex or drop the collided information at UE. There are many collision cases, e.g. the UL information can be the other UCI intra PUCCH cell group or inter cell group for power limit, etc.  Similar to the scheme in Rel-15 for existing SR transmission, the UE can multiplex HARQ-ACK information, SR and CSI report according to the priority based on the channel payload and cell type, where the HARQ-ACK information and SR for the same cell type can have the similar priority. For the case of collision inter cell group, the power reduction of UL channel with lower priority is considered for power sharing. For the case that a UE would transmit information in PUCCH-BFR resource using format 0 and HARQ-ACK information bits in a resource using PUCCH format 1 in a slot, the scheme in Rel-15 cannot be reused because the PUCCH-BFR requires higher priority.
Proposal 9:
· If information in PUCCH-BFR resource collides with other UCI, the UE can multiplex different UCI types according to the rules defined in Rel-15, except for the case that a UE would transmit information in PUCCH-BFR resource using PUCCH format 0 and HARQ-ACK information bits in a resource using PUCCH format 1 in a slot, for which the UE transmits only the information in PUCCH-BFR resource using PUCCH format 0.
4. Beam report with L1-SINR 
	Agreement

When gNB configures UE to report SSBRI/CRI and corresponding L1-SINR, the following report format is supported.

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
· FFS: range and step size of differential SINR

· Differential SINR #N is determined based on the difference between measured SINR corresponding to the CRI/SSBRI #N and the measured SINR corresponding to CRI/SSBRI #1

· The SINR #1 is the largest SINR among reported SINRs

· The range of SINR is [-23, 40] dB

· The SINR is quantized based on what is specified in 38.133

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
Email discussion by September 20th Yushu (Apple) on the details (such as how measurement of interference is done, the mapping relation between CMR/IMR, QCL, etc) of L1-SINR based beam report using the following as a starting point:

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:

· Option 1: CMR and IMR are 1-to-1 mapped

· Option 2: 1 CMR can be mapped to 1 or more than 1 IMRs

· Option 3: 1 IMR can be mapped to 1 or more than 1 CMRs

· Option 4: More than 1 IMRs can be mapped to more than 1 CMRs. 

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


In the agreements of RAN1 #98 meeting, when gNB configures UE to report SSBRI/CRI and corresponding L1-SINR, the L1-SINR report format is proposed. Differential SINR #N is determined based on the difference between measured SINR corresponding to the CRI/SSBRI #N and the measured SINR corresponding to CRI/SSBRI #1. The SINR #1 is the largest SINR among reported SINRs and the range is [-23, 40] dB. In TS38.214 section 5.2.1.4.3[3], for L1-RSRP report the differential L1-RSRP is quantized to a 4-bit value and the step size is 2dB. But for the differential L1-SINR in L1-SINR report, the following factors need to be considered. In order to guarantee the MU-MIMO performance through multiple UEs pairing, the SINR difference among the selected beams for UEs pairing should not be too large. The step size value should maintain the flexibility of UEs pairing and have little impact on the MCS selection. The same number of bits as differential L1-RSRP can be considered. So we prefer the differential L1-SINR is quantized to a 4-bit value with 1dB step size.
Proposal 10：
· For L1-SINR based reporting, the differential L1-SINR value is quantized to a 4-bit value with 1dB step size.
In RAN1 #97 meeting, for L1-SINR, NW can configure ZP-IMR only or NZP-IMR only for interference measurement. In RAN1 #98 meeting, for L1-SINR based beam report, in a CSI-reportConfig, if IMR is configured to be based on NZP-IMR only, some resource configuration schemes need to be down-selected. 
For CSI framework in Rel-15, a UE is configured by higher layers with N≥1 CSI-ReportConfig reporting settings, M≥1 CSI-ResourceConfig resource settings and one or two list(s) of trigger states. Each CSI Resource Setting CSI-ResourceConfig contains a configuration of a list of S≥1 CSI Resource Sets, where the list is comprised of references to either or both of NZP CSI-RS resource set(s) and SS/PBCH block set(s) or the list is comprised of references to CSI-IM resource set(s). If interference measurement is performed on CSI-IM, each CSI-RS resource for channel measurement is resource-wise associated with a CSI-IM resource by the ordering of the CSI-RS resource and CSI-IM resource in the corresponding resource sets. The number of CSI-RS resources for channel measurement equals to the number of CSI-IM resources.
For L1-SINR, the CSI framework in Rel-15 should be enhanced. For CMR and IMR configuration, the Rel-15 CSI framework can be reused, e.g. CMR setting for channel measurement and associated IMR setting for interference measurement can be configured by gNB. In order to support various L1-SINR measurement cases, the association between CMR and IMR can be configured flexibly. We prefer the Option 1a and Option 2a. Typical scenario is that for a gNB with N panels, when the gNB schedules N-1 UEs by using N-1 beams, and a new packet of the Nth UE arrives. The gNB needs to know how much interference scheduling UEs would create for the new UE. Such measurement could be done by configured IMRs for the new UE on multiple NZP-IMRs used for the interference measurement, i.e. interference is measured based on accumulating measurement of all the associated IMRs. For interference measurement, the UE shall assume that CMR and the associated all IMRs are QCLed with respect to QCL-TypeD. Based on the reported L1-SINR, the gNB could determine whether the new UE is scheduled with the measured beam or not. Option 1a is a special case of Option 2a. 

Proposal 11：
· Support Option 1a and Option 2a. For L1-SINR based beam report, in a CSI-reportConfig, if IMR is configured to be based on NZP-IMR only, the following resource configuration schemes are supported:

· 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’

· 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)
5. Conclusion

In this contribution, we have the following proposals for multi-beam transmission schemes.
Proposal 1: 

· Reuse MAC CE for PUCCH spatial relation activation/deactivation in Rel-15 to indicate the spatial relation of multiple PUCCH resources.

· A bitmap in the same MAC CE in Rel-15 is used to indicate multiple PUCCH resources.
Proposal 2:

· Support 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.
Proposal 3：
· Support single MAC-CE in Rel-15 to activated same set of PDSCH TCI state IDs for all active BWPs in same band or cell group(s) on FR2.
· The activated set of TCI state IDs for an active BWP of a CC by MAC-CE is applied to multiple active BWPs in the same band or cell group(s).
· The MAC-CE can flexibly indicate cell list and BWP list where activated TCI state IDs are applied.
· The same QCL-Type D RS is configured for same TCI state ID for corresponding cells and BWPs in the list.
Proposal 4: 
· Support Alt.4, for UEs with beam correspondence, if spatial relation info for dedicated-PUCCH/SRS, except for SRS with usage = ‘BeamManagement’, is not configured in FR2, the CORESET#0 (if present) QCL assumption is applied for default spatial relation for the dedicated PUCCH/SRS.
· The pathloss RS of the dedicated PUCCH/SRS also follows the DL RS in the CORESET#0 QCL assumption. Other power control parameters are determined according to default values.
Proposal 5：
· BFD is performed per SCell.
Proposal 6: 

· Support Alt 1, UE shall expect gNB to configure at least one new beam RS if BFR for corresponding SCell is configured. 

· If no new beam is identified, UE reports only failed CC index to gNB. 

· MAC CE design for new beam info indication (including the information of ‘no new beam’) is up to RAN2.

Proposal 7：

· When no UL resources are available for BFRQ MAC CE transmission, if PUCCH-BFR resource for SCell BFR is not configured or maximum number of PUCCH-BFR is reached, 2-step RACH based CBRA (if configured)  can be used for BFRQ transmission.
Proposal 8：

· The UL resources for BFRQ MAC CE transmission at least include: PUSCH with configured grant, PUSCH with dynamic grant, PUSCH in 2-step RACH.
Proposal 9:
· If information in PUCCH-BFR resource collides with other UCI, the UE can multiplex different UCI types according to the rules defined in Rel-15, except for the case that a UE would transmit information in PUCCH-BFR resource using PUCCH format 0 and HARQ-ACK information bits in a resource using PUCCH format 1 in a slot, for which the UE transmits only the information in PUCCH-BFR resource using PUCCH format 0.
Proposal 10：
· For L1-SINR based reporting, the differential L1-SINR value is quantized to a 4-bit value with 1dB step size.

Proposal 11：
· Support Option 1a and Option 2a. For L1-SINR based beam report, in a CSI-reportConfig, if IMR is configured to be based on NZP-IMR only, the following resource configuration schemes are supported:

· 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’

· 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)
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