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Introduction
Rel-16 MIMO work item aims to specify the enhancements identified for NR MIMO, including enhancements on multi-beam operation, primarily targeting FR2 operation. The detailed objectives are as follows [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 beam failure recovery for SCell with DL/UL as well as DL-only, where PCell can be operating in FR1 as well as FR2 
· Specify measurement and reporting of either L1-RSRQ or L1-SINR
Latency/overhead reduction
In the last meeting [2], the following agreements have been achieved for latency and overhead reduction.
Agreement
The following working assumption is confirmed with modification (in red):
The supported feature of MAC CE based spatial relation update for aperiodic SRS is applicable to the usage of antenna switching per SRS resource level.
· In case of antenna switching, UE does not expect to be configured with different spatial relation within the same set
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
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 
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
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
L1-SINR measurement/reporting
In the last meeting [2], the following agreements have been achieved for measurement and reporting of 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. 

By September 20th, the outcome of this email discussion is as follows.
	Email discussion on details for CMR/IMR for NZP-IMR based SINR based beam selection
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



Agreement
Support gNB to configure L1-SINR based beam report for both non-group based and group based beam reporting.
SCell beam failure recovery
In the last meeting [2], the following agreements have been achieved for SCell BFR.
Agreement
Support that the BLER threshold for SCell BFD is the same as the default value of rlmInSyncOutOfSyncThreshold.
Agreement
· For SCell BFR, support maximum number of RS for new beam identification per BWP to be 64.
· The range of threshold for SCell new beam identification is based on range specified in RSRP-Range.
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).
Conclusion
· The details on MAC CE for BFR, and whether to transmit a MAC CE to carry BFRQ information for 1 SCell or multiple SCells is up to RAN2
· RAN1 identified that beam failure on multiple SCells can occur simultaneously but have not reached consensus on how often this occurs
Agreement
Include the above conclusion as part of LS to RAN2. 
Conclusion
From RAN1 perspective, the response after UE transmits PUCCH-BFR can be a normal uplink grant with C-RNTI/MCS-C-RNTI
· No RAN1 spec impact
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
The draft LS for RAN2 is modified as follows and endorsed in R1-1909833.
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
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

In this paper, we discuss the remaining issues for multi-beams related issues, including latency/overhead reduction, beam management with L1-SINR and SCell BFR. The remaining part of this paper is structured as follows. Section 2 is on latency/overhead reduction, Section 3 is on L1-SINR and Section 4 is on SCell BFR. 

Latency/overhead reduction
Simultaneous spatial relation update for multiple PUCCH resources
To reduce signalling redundancy, simultaneous update/indication of a single spatial relation per group of PUCCH is supported by using one MAC CE in Rel-16 and the number of groups per BWP is at least up to two. In our opinion, if no further enhancements, the flexibility of this new feature would be quite restricted, in particular for UE having multiple active spatial relations, at least for single TRP case. Moreover, introducing explicit PUCCH group IDs would impact on RRC structure of PUCCH configuration, which is thus not preferred.
Grouping PUCCH resources in an implicit way seems to be the option offering a higher flexibility with less RRC impacts, at least for the single-TRP case. For those PUCCH resources which have already been configured with the same spatial relation before, if one of which is updated with a new spatial relation, the spatial relation for the others should be updated too. In addition, the Rel-15 MAC CE for PUCCH spatial relation update can be reused, e.g., toggling some reserved bit to indicate Rel-16 UE to perform simultaneous spatial relation update for the implicitly formed PUCCH resource group containing the one indicated in this MAC CE.
Proposal 1: For configuring/updating spatial relation per group of PUCCH resources, support implicitly grouping PUCCH resources with same spatial relation configured before, at least for single TRP case.
Updating pathloss RS for power control
Support of updating pathloss RSs for power control for PUSCH and SRS via MAC CE is under discussion in Rel-16 for latency reduction. Several options have been listed in [1]. However, they are all mixed for both PUSCH and SRS power control. According Rel-15 experience and specification framework, separated discussions are needed since different mechanisms are defined for PUSCH and SRS power control. For example, in Rel-15, for SRS power control, pathlossReferenceRS is configured per SRS resource set; for PUSCH power control, if PUSCH is scheduled by DCI format 0_1, codepoint of SRI in DCI would point to a mapped PUSCH-PathlossReferenceRS-Id, where the mapping is RRC configured. To define the mechanisms for MAC CE based pathloss RSs update for PUSCH and SRS power control respectively, separated discussions may be needed. 
But for both cases, effective timing of the MAC CE command should be revisited before agreeing on any detailed MAC CE based pathloss RSs update solution. In Rel-15, if the UE receives a MAC CE activation command, the UE applies the activation command in the first slot that is after slot [image: ] (or 3 ms in other words) where [image: ] is the slot where the UE transmits a PUCCH with HARQ-ACK information for the PDSCH providing the activation command and [image: ] is the SCS configuration for the PUCCH transmission. However, simple extension of this effective timing to the pathloss RS update MAC CE may be problematic. Noted that a stable path loss estimation usually cannot be obtained from one-shot measurement. For example, in Rel-15, it is computed by using referenceSignalPower – higher layer filtered RSRP, which requires several measurements to become stable. As one may expect, the delay provided by this ‘k + 3ms’ scheme is usually not enough to obtain a stable and accurate higher layer filtered RSRP value for path loss estimation and eventually for the determination of uplink transmit power. 
Observation 1: There is not enough time for UE to obtain accurate higher layer filtered RSRP if UE is required to apply the pathloss RS update MAC CE command 3 ms after sending HARQ ACK.
Both explicit signalling (i.e., Option 3) and implicit update (i.e., Option 1) are discussed as detailed solutions of MAC CE based pathloss RS update. To update the pathloss reference RS based on the RS in the spatial relation info indicated for SP/AP SRS via MAC CE (in the direction of Option 1) is indeed with a lower signalling overhead and latency, but it is worth noting that it does not apply in some cases, for example, 
· The first case is related to the time domain property of the reference RS in spatial relation info. Both SP and AP reference RS can be configured in spatial relation info for AP SRS resource, while whether SP CSI-RS can be used for path loss estimation is still under discussion, and it is not preferred to allow for AP CSI-RS.
· The second case is related to SRS resource set level power control. It is possible that different SRS resources in the activated SRS resource set are configured with different spatial relations, then the path loss estimate may vary per resource level, which may introduce a higher UE implementation complexity compared to the baseline that same transmission power is applied within SRS resource set.
· The third case depends on whether a chain rule can be used if the reference RS in spatial relation info is a SRS resource. It is still possible to trace the reference RS of the indicated SRS to a root which is a DL RS, but this may impose a higher requirement on UE capability.
Therefore, an explicit method is more preferred at least for those aforementioned special cases and we have the following proposal:
Proposal 2:  Support including path loss reference RS in the activation MAC CE for SP and AP SRS.
Default spatial relation if not configured
As specified in Rel-15, for non-codebook based UL transmission, the UE does not expect to be configured with both spatialRelationInfo for SRS resource and associatedCSI-RS for SRS resource set. Therefore, the case with configured associatedCSI-RS should be excluded from the discussion since the indicated CSI-RS resource can serve as the reference for default spatial relation.
However, if both spatialRelationInfo and associatedCSI-RS are not configured, default spatial relation is still needed for resources in a SRS resource set with usage set to ‘noncodebook’. Since the ultimate purpose of transmitting those SRS resources is for non-codebook based PUSCH transmission, the capacity should the major factor to be considered. It is well known that, assuming DL/UL channel reciprocity, UE would compute its precoders for SRS resources based on the measured channel from the measurement of the reference CSI-RS resource, the number of ports of the CSI-RS resource matters. If the reference CSI-RS resource is 1-port, the rank of channel matrix observed at UE side would be restricted to 1, which is not helpful if the channel condition can support rank 2 or even higher rank UL MIMO transmission.
Based on above discussions, from the UL MIMO capacity perspective, default spatial relation should refer to the reference DL RS having sufficiently large number of ports. For example, default spatial relation can refer to QCL TypeD reference RS from the activated TCI state containing QCL TypeA reference RS with the maximum number of ports. If there are multiple activated TCI states having QCL TypeA reference RS with the same number of ports, then the default spatial relation follows the QCL TypeD RS in the one with the lowest TCI state ID.
Proposal 3: For SRS resource set configured with usage ‘noncodebook’, the default spatial relation refers to the activated TCI state containing the reference DL RS with the maximum number of ports, if spatial relation and associated CSI-RS are both not configured.
TCI state (de-)activation and indication across multiple CC/BWP(s)
Single MAC CE to deactivate PDSCH TCI state IDs on multiple CC/BWP(s)
While previous discussions have addressed the TCI state activation for multiple CC/BWP(s) with low latency/overhead/complexity, the deactivation command is left untouched. However, Rel-15 MAC CE (i.e., TCI States Activation/Deactivation for UE-specific PDSCH MAC CE) serves for both activation and deactivation, i.e., by setting Ti bit to 1 and 0, respectively, to activate and deactivate the i-th TCI state configured. 
Observation 2:  If Rel-15 MAC CE is reused as the single MAC CE to activate the same set of PDSCH TCI state IDs for multiple CC/BWP(s), it is natural to allow for deactivating the same set of PDSCH TCI state IDs for multiple CC/BWP(s) using the same MAC CE format. 
However, in some cases, potential performance degradation can be observed if deactivating the same set of TCI state IDs for all CC/BWP(s) in the same cell group is applied without careful consideration. For example, considering the following configuration, for CC#2, TCI states T1-T8 are activated and being tracked by UE. Then, a single MAC CE is signalled to activate TCI states T4-T7 (which are already activated on CC#2) and to deactivate the remaining TCI states for CC#1. In this case, there is no reason that the deactivation part also applies to CC#2, i.e., to force UE dropping the obtained tracking results for TCI states T1-T3 and T8 on CC#2. 
Based on discussions above, we have the following proposal:
Proposal 4: Reuse Rel-15 MAC CE to deactivate the same set of PDSCH TCI state IDs for multiple CC/BWP(s) with the exception of the case where the set of newly activated TCI states is a subset of already activated TCI states for one CC/BWP.
Single MAC CE to indicate TCI state for UE-specific PDCCH on multiple CCs/BWPs
Previous agreements introduced support of PDSCH TCI state IDs activation for multiple CC/BWP(s). The same idea can be applied for UE-specific PDCCH TCI state indication. Two options can be considered: one is to reuse Rel-15 MAC CE to indicate TCI state for all CORESETs with the same CORESET ID across CC/BWP(s) in the same cell group, the other is that all CORESETs across CC/BWP(s) in the same cell group will be updated with a new TCI state for PDCCH reception. The latter is less preferred as it precludes TDMed PDCCH reception with different beam pairs, and the former is more preferred for the flexibility it can provide in this regard.
Based on discussions above, we have the following proposal:
Proposal 5: Support using single MAC CE to indicate TCI state for UE-specific PDCCH on multiple CCs/BWP(s). 
Improved UE capability reporting
In Rel-15, UE capability for beam management is captured in TS 38. 306, TS 38.331 and TR 38.822. After reviewing the table below, we found that, for UE which can support 8 1-Tx CSI-RS resources or 8 2-Tx CSI-RS resources for L1-RSRP measurement within a slot, it cannot report 8 for component-1 and 8 for component-3 because this UE may have concern that gNB may schedule both 1-Tx and 2-Tx CSI-RS resources within slot which means 16 CSI-RS resources in total so that this UE would not be able to deal with. The safe choice for this UE is, for example, to report 8 for component-1 and 0 for component-3 or to report 4 for component-1 and 4 for component-3. This capability reporting does not really reflect the UE capability and would lead to unnecessary performance loss due to the potential overhead and latency for gNB scheduling policies considering those limitations. To solve this issue, some improvement can be done by letting the UE additionally reports the max number of SSB/CSI-RS resources across all CCs within a slot, say MB_ 3. With additional UE capability reporting, UE can report 8 for MB_1, MB_2 and MB_3 and gNB would understand that this UE is capable to handle 8 CSI-RS resources within a slot, regardless of 1-Tx and 2-Tx, which helps the gNB for better scheduling decision.
Table 1 TR 38.822 V15.0.1 UE feature list 2-24
	2-24
	SSB/CSI-RS for beam measurement
	1) The max number of SSB/CSI-RS (1Tx) resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to measure L1-RSRP within a slot shall not exceed MB_1 
<omitted>
3) The max number of CSI-RS (2Tx) resources (sum of aperiodic/periodic/semi-persistent) across all CCs to measure L1-RSRP within a slot shall not exceed MB_2
<omitted>

	beamManagementSSB-CSI-RS {
1. maxNumberSSB-CSI-RS-ResourceOneTx
<omitted>
3. maxNumberCSI-RS-ResourceTwoTx
<omitted>
}
	Component-1, candidate value set for MB_1 is {0, 8, 16, 32, 64}

On FR2, UE is mandated to signal MB_1 >=8
On FR1, MB_1 >=8 is supported mandatory with capability signaling

Component-3, candidate value set for MB_2 is {0, 4, 8, 16, 32, 64}



Thus we have the following proposal:
Proposal 6: For latency/overhead reduction, support UE to additionally report the max number of SSB/CSI-RS resources across all CCs within a slot, irrespective of 1-Tx or 2-Tx.

DL BM with L1-SINR
WA on NZP+ZP IMR based interference measurement
[bookmark: OLE_LINK72]The discussions on L1-SINR based beam selection in Rel-16 are mainly for performance enhancement by exploiting the interference awareness especially for the intra-cell beam-based multi-user transmissions. There are 3 types of interference measurement, namely NZP IMR based interference measurement, ZP IMR based interference measurement and NZP+ZP IMR based interference measurement. Note that NZP IMR in this paper refers to NZP CSI-RS, while ZP IMR refers to CSI-IM. As discussed in [3], ZP IMR based interference measurement is not proper for L1-SINR based beam management due to the overhead issue and measurement accuracy issue. On the other hand, NZP IMR based interference measurement and NZP+ZP IMR based interference measurement are more beneficial for interference measurement by emulating the interference from different beams. In previous meeting, both NZP IMR only and ZP IMR only configurations were agreed, and the NZP+ZP IMR based interference measurement was agreed as a working assumption.
As using NZP IMR can easily emulate the interfering beams, NZP IMR is a proper choice for inter-beam interference measurement or inter-cell interference measurement (with planning or coordination). In the case where the inter-cell interference is less-dominant and without inter-cell planning or coordination, the inter-cell interference can be treated as averaged noise, which can be evaluated on the ZP IMR. Meanwhile, the inter-beam interference within a cell can be measured accurately by emulations using NZP IMR. So, in such a case, NZP IMR for inter-beam interference measurement within a cell and ZP IMR for inter-cell interference measurement should be supported.
One concern on supporting NZP+ZP IMR raised in previous meeting is the overhead. Please note that the number of ZP IMR in this case has already been restricted to only one in the working assumption. ZP IMR only interference measurement would introduce much higher overhead, due to the fact that ZP IMR pattern is not aligned with channel measurement RS and different beams cannot be distinguished from the same ZP IMR (for ZP IMR, UE measures the received total interference power only). So, the overhead should not be an issue for NZP+ZP IMR based interference measurement.
[bookmark: OLE_LINK77]Proposal 7: The working assumption on NZP+ZP IMR for interference measurement in L1-SINR based beam management should be confirmed. 
Derivation of interference and noise from NZP/ZP IMR
In email discussion [98-NR-20], there is one remaining issue on interference estimation, i.e., how UE derives interference from ZP/NZP IMR. 
When only ZP IMR is configured, it is natural to assume all the power received on ZP IMR as interference. 
When only NZP IMR in configured, as NZP IMR is used to emulate inter-beam interference, the signal power of the NZP IMR should be assumed as interference. If multiple NZP IMRs are configured for one L1-SINR measurement, the inter-beam interference should be calculated by accumulating associated or selected/reported NZP IMR(s). In this case, the inter-cell interference can be measured by averaging the noise and interference power over NZP IMR(s) and/or CMR, which is the residual power after channel estimation on NZP IMR(s) and/or CMR. 
When both NZP + ZP IMR are configured, the measurement behavior on ZP IMR is the same as the ZP IMR only case, while only inter-beam interference is assumed from NZP IMRs, as the inter-cell interference has been counted from ZP IMR. 
To summarize, we have following interference measurement methods for above 3 types of interference measurement configuration:
a. For ZP IMR based interference measurement, the received power measured on ZP IMR is assumed as interference and noise for L1-SINR calculation.
b. For NZP IMR based interference measurement, the sum of {signal power measured on associated or selected/reported NZP IMR(s)} and {residual interference power measured on NZP IMR(s) and/or CMR} are assumed as interference and noise for L1-SINR calculation.
c. For NZP+ZP IMR based interference measurement, the sum of {signal power measured on associated or selected/reported NZP IMR(s)} and {received power measured on ZP IMR} is assumed as interference and noise for L1-SINR calculation.
Proposal 8: For L1-SINR calculation, the denominator (interference and noise) is calculated as follows: 
a. For ZP IMR based interference measurement, the received power measured on ZP IMR is assumed as interference and noise for L1-SINR calculation.
b. For NZP IMR based interference measurement, the sum of {signal power measured on associated or selected/reported NZP IMR(s)} and {residual power measured on NZP IMR(s) and/or CMR} is assumed as interference and noise for L1-SINR calculation.
c. For NZP+ZP IMR based interference measurement, the sum of {signal power measured on associated or selected/reported NZP IMR(s)} and {received power measured on ZP IMR} is assumed as interference and noise for L1-SINR calculation.

Mapping/association between CMR and NZP IMR
As summarized in email discussion [98-NR-20], the mapping/association between CMR and NZP IMR is still undecided. 
In Rel-15, for CSI acquisition, CMR and IMR are 1-to-1 mapped and resource-wise QCLed with respect to 'QCL-TypeD', with which for one RI/PMI/CQI calculation the signal and interference should be measured with the same UE Rx beam. Similarly, in Rel-16, for L1-SINR calculation, the signal and interference should be measured with the same UE Rx beam as well. 
Still, there are aspects that are different between beam management and CSI acquisition. CSI acquisition is conducted only after beam management procedure where a few good beam pair links have been selected and only a few CMR/IMR(s) are needed for CQI calculation. For beam management, a large number of beam/pair(s) needs to be trained, which translates to lots of CMR/IMR(s) for L1-SINR calculation.
If only 1-to-1 mapping between CMR and NZP IMR is supported, for gNB to acquire accurate knowledge on interference situation, a large amount of signalling and resource overhead will be incurred. For example, if gNB wants to pair one serving UE with another one out of several candidate UEs, where there is only CMR but several IMRs, following 1-to-1 mapping, gNB still needs to configure multiple CMRs with exactly the same CMR ID, leading to signalling redundancy. In addition, if gNB wants to pair one out of a set of N UEs with another one out of another set of N UEs, following 1-to-1 mapping, though it is simpler for UE implementation, gNB will not be able to acquire interference situation between one UE in the first set and another UE in the second set, within one round of L1-SINR measurement/reporting. Additional signalling/overhead would be difficult to avoid for gNB to repeat the measurements to emulate different combination of beam pairs in order to get accurate knowledge of the interference situation. 
Observation 3: For L1-SINR reporting, one-to-one mapping between CMR and NZP IMR will incur large signalling/resource overhead for gNB to acquire accurate knowledge on interference situation.
According to email discussion [98-NR-20], the following two schemes can be considered to reduce signalling and resource overhead.
Option 2C: 1 CMR can be mapped to 1 or more than 1 IMRs
On the line of Option 2 (1 CMR mapped to 1 or more than 1 IMRs), one way is to configure a set of IMR for each CMR. For example, totally N sets of IMRs are configured for N CMRs, each for one CMR. However, this method will cause unnecessary signalling/resource overhead and measurement complexity. To be specific, there is no need to measure the L1-SINR of the CMRs that are not selected/reported (e.g., L1-RSRP below threshold). To mitigate this, Option 2C is a reasonable choice as it only configures K sets of IMRs, where K is the number of CMRs to be reported. With option 2C, one set of CMRs (including N CMRs) and K sets of IMRs (each including M IMRs) are configured. The UE can first conduct L1-RSRP measurement with the N CMRs and determine the K CMRs to be reported, and then use the TCI states of the K CMRs for receiving the K IMR sets, respectively. gNB can also control UE to select one from or aggregate the M IMRs as needed. The CMR set can be transmitted earlier than the K IMR sets to allow UE sufficient time to determine the K CMRs to report before IMR measurement. 
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Figure 1. Illustration of Option 2C
Option 3:  1 IMR can be mapped to 1 or more than 1 CMRs
Regarding option 3, the main use case is gNB Tx beam training under given interference source. In this case, UE keeps the same Rx beam for the reception of all the CMRs, where the CMRs are configured with the same type-D QCL or configured without type-D QCL. In such cases, the configured IMR can be shared by more than one CMR for L1-SINR calculation. Thus, the amount of configured IMR can be less than the amount of configured CMR, which can reduce the signalling overhead of IMR configuration. To specify the configuration, N*K CMR and N IMR can be configured, where every K CMRs are associated with 1 IMR in order. For each SINR, interference is measured based on each CMR and its associated one IMR. UE assumes that the K CMRs and associated 1 IMR are QCLed with respect to 'QCL-TypeD’. Such configuration is useful to search a gNB Tx beam with higher L1-SINR from the candidate gNB Tx beams for UE#1, when a given gNB Tx beam for UE#2 is regarded as interference to UE#1. In our view, option 3 is beneficial for allowing such gNB configuration with low signalling overhead, and not to increase the UE complexity for L1-SINR calculation. 
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Figure 2. Illustration of Option 3
Therefore, we have the following proposal.
Proposal 9: Support Option 2C (1-to-N) and Option 3 (N-to-1) CMR-to-NZP-IMR mapping.
In the last meeting, it was agreed that group-based L1-SINR reporting is supported. In Rel-15, 2 CRIs and corresponding L1-RSRP are reported for group-based beam reporting, where the 2 CMRs can received simultaneously by the UE. Likely there would be mutual interference between the two CMR/beam(s) on the receiver side and L1-SINR should take the interference between the two CMRs into consideration. However, which 2 CMRs can be received simultaneously by UE is unknown when gNB configures IMR set for L1-SINR reporting. In such a case, the other CMR that can be received simultaneously can be assumed as IMR, when the UE calculates the L1-SINR for one CMR.
Proposal 10: For group-based L1-SINR reporting, after deciding the two CMRs to report, when calculating L1-SINR of one CMR, the other CMR that is simultaneously receivable is assumed as IMR.
Additionally, in Rel-15, UE may assume all CSI-RS resources are transmitted by a same Tx beam if repetition ‘on’ is configured for a CSI-RS resource set, and UE shall not make such an assumption if repetition is set as ‘off’. For L1-SINR report, whether the ‘repetition’ IEs of CMR set and IMR set can be configured with different values, and what is UE assumption on the Tx beams if they are different, can be further discussed. 
Reporting of IMR-related information
In previous meetings, whether to report IMR-related information was left for further study. To investigate the performance of IMR reporting in addition to L1-SINR reporting (with selected IMR reported if multiple are configured), the following cases are evaluated under MU-MIMO scenario via SLS. The simulation assumptions are provided in the Appendix.
· [bookmark: OLE_LINK79]Case #1: L1-RSRP is reported and L1-RSRP based beam selection is performed for each user, which can serve as Rel-15 baseline. MU scheduling is based on Proportional Fairness (PF).
· Case #2: L1-SINR is reported and L1-SINR based beam selection is performed for each user. MU scheduling is based on PF principle.
· Case #3: L1-SINR and additional IMR-related information are reported. Here the IMR(s) that causes strong interference to the selected CMR are reported. L1-SINR based beam selection is performed, and interference avoidance is applied for MU scheduling in addition to PF principle. 
For Case #1 and #2, the UEs with highest PF factor are selected for transmission sequentially without considering the interference among the UEs as the interference information is unavailable.
For Case #3, interference avoidance is applied, where the beam pair with strong mutual interference is excluded from MU scheduling. For example, UE #1 is served by beam #1 for data transmission. Then, a UE should not be scheduled on beam #2 if the best serving beam for this UE (i.e., beam #2) is a strong interfering beam to beam #1 according to the reported IMR-related information from UE #1. 
[bookmark: OLE_LINK80][bookmark: OLE_LINK81]The result in Figure 3 shows that only 4.9% throughput gain can be obtained with L1-SINR reporting comparing to L1-RSRP reporting. This is due to the fact that, although the selected beam may suffer from less interference than the beam selected based on L1-RSRP, the loss of signal power (i.e., the beam with the highest L1-SINR may have a lower signal power than the beam with the highest L1-RSRP) almost eliminates the potential performance gain. On the other hand, with L1-SINR and strong IMR reporting, a significant performance gain of 22.1% can be achieved, compared to L1-RSRP reporting scheme. This is due to the fact that, the beam pairs with strong mutual interference are excluded in MU scheduling and hence the SINR of data transmission is improved. In the first two cases, link adaption cannot perform well as the strong inter-beam interference appears randomly, leading to a higher ratio of retransmission. In the latter case, as the strong interfering beams are excluded, link adaption can be performed in a smoother way. 
While in our example the IMR-related information is mainly the IMR that causes strong interference to the reported CMR, we are also open to consider other form of IMR-related information. 
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Figure 3. Performance with different report content
Observation 4: L1-SINR based beam selection can only provide marginal performance gain comparing to R15 baseline. While, around 22% SE gain can be achieved if certain IMR-related information is reported along with L1-SINR. 
Proposal 11: Support including additional IMR-related information in L1-SINR reporting.
Number of L1-SINR to be reported for each CMR
In previous meetings, it was agreed that N CRI/SSBRI(s) and corresponding L1-SINR values can be reported. The number (M) of L1-SINR values to be reported for each CRI/SSBRI has not been determined yet. The number of L1-SINR for each reported CRI/SSBRI depends on the tradeoff between reporting overhead and throughput performance. If M is too small, e.g., M=1, the reported L1-SINR can provide only limited information on interference situation, hence the associated gain would be limited. If M is large, though more information on interference situation can be conveyed to gNB, the reporting overhead may be an issue. Within these in mind, we prefer to support gNB to configure UE to report multiple L1-SINR values and corresponding IMR information for one CMR, but the exact number should be left to gNB configuration and possible UE capability reporting. 
Proposal 12: Support gNB configuring UE to report more than one L1-SINR values for each reported CMR.
Details on differential reporting for L1-SINR
In the last meeting, differential reporting of L1-SINR was agreed. The range and step size are to be determined in this meeting. In Rel-15, differential L1-RSRP has a range of 30 dB and a fixed step size of 2dB. While, for L1-SINR reporting, a fixed step size seems no longer a reasonable choice, as for different values of L1-SINR, the impact of quantization error is different. 
The reported L1-SINR can be used to guide MCS selection. In a high SINR regime (e.g., above 15 dB), the same quantization error in reported L1-SINR would lead to a smaller throughput loss comparing the case in a low SINR regime (e.g., below 5 dB). As one implementation example, assuming that MCS 24 and MCS 26 are mapped to SINR of 22dB and 24dB, respectively, if a 2dB deviation is caused by differential L1-SINR reporting (i.e., actual 24 dB, but 22dB reported), throughput loss is around 8% according to Table 5.1.3.1-2 in 38.214. As another implementation example, assuming MCS 0 and MCS 1 are mapped to SINR of -4.5dB and -2.5dB, respectively, similarly, if a 2dB deviation is caused by differential L1-SINR reporting (i.e., actual -2.5 dB, but -4.5dB reported), the throughput loss can be up to 38%. 
Figure 4 shows the performance loss (degradation of spectral efficiency) if the adopted IMCS is 1 level lower than the actual one (e.g., IMCS 26 is possible, but IMCS 25 is used) due to the quantization error in reported L1-SINR. The x-axis is the L1-SINR regime. The observation is that, the quantization error caused by differential L1-SINR reporting has a larger performance impact in the low SINR regime than in the high SINR regime, if a fixed step size is used.
[image: ] 
Figure 4: Performance loss if MCS is underestimated by one level due to inaccurate L1-SINR reporting
From the analysis above, it can be observed that, when L1-SINR is low, the throughput is very sensitive to the accuracy of L1-SINR reporting. Hence, the smaller the L1-SINR is, the smaller step size should be adopted. To this end, we propose the following method to adaptively determine the range and step size of differential L1-SINR reporting.
Range = SINRmax - SINRthreshold
Step size = (SINRmax - SINRthreshold)/2N
where:
· SINRmax is the highest measured L1-SINR.
· SINRthreshold is a threshold used to avoid reporting small L1-SINR values that are less meaningful as it cannot even support the lowest MCS, for example, -6 dB.
· N is the bit length of differential L1-SINR reporting.
Proposal 13: Support determining the step size of differential L1-SINR reporting based on the largest measured L1-SINR and a configured/pre-defined threshold.
Priority between L1-SINR and other reporting contents
In Rel-15, when a UE is configured to transmit multiple colliding UCIs, the priority/multiplexing rules have been specified in 38.213 and 38.214. Similarly, a remaining issue on L1-SINR reporting is about the priority/multiplexing rule when the resource carrying L1-SINR report is overlapped with another resource carrying other UCI. 
As beam management procedure is more important than CSI acquisition procedure in FR2, the priority rule that CSI report carrying L1-RSRP has priority over CSI report not carrying L1-RSRP has been specified in Rel-15. Naturally, a simple priority rule can be that L1-SINR report have priority over other CSI report not carrying L1-SINR, assuming all the other parameters to determine the priority value are the same. 
Additionally, there is also a case that both L1-SINR report and L1-RSRP report are configured to a UE. Such as, to reduce the training overhead and UE complexity, L1-RSRP based beam management is used for initial beam training, L1-SINR based beam management is used for beam refinement. When L1-SINR report collides with L1-RSRP report, L1-SINR should have priority over L1-RSRP. The reason to prioritize L1-SINR over L1-RSRP is that, same as L1-RSRP, L1-SINR can reflect the quality of the selected beams, while L1-SINR is also one-step closer to actual data transmission as the interference has been taken into account. 
Proposal 14: L1-SINR report should have a higher priority over CSI-related report and also a higher priority than L1-RSRP report if any collision.
In addition, there is ambiguity on the measurement behavior if the same CMR(s) are configured to the UE for both L1-SINR and L1-RSRP reporting, but different Type-D QCL indication. This is possible by putting the same semi-persistent CSI-RS resource ID in different CSI-RS resource sets for L1-SINR and L1-RSRP reporting and then indicate different TCI states for them by separate MAC CE(s). In such cases, UE may use different Rx beam for receiving the same resource in different time instances, and potential Rx beam refinement is also possible depending on UE implementation. If this resource is configured as the QCL reference for subsequent PDSCH reception, how UE determines the Rx beam appears unclear. To be specific, UE has to choose to use either the Rx beam for L1-RSRP measurement or the Rx beam for L1-SINR measurement to receive PDSCH. To avoid ambiguity, the UE Rx beam (or QCL assumption) for the same resource belonging to both L1-RSRP and L1-SINR procedures should be clarified, and the simplest solution is to mandate gNB to configure the same TCI state for such resources.

Beam failure recovery for SCell
In previous meetings, the framework of SCell BFR has been established. A 2-step mechanism on BFRQ transmission is used for SCell, and a normal uplink grant to schedule a new transmission for the same HARQ process as PUSCH carrying the step 2 MAC CE is considered as BFR response (BFRR). In this section, several remaining issues including the parameterization for beam failure detection, candidate beam list, the BFR related timer/counter, and the retransmission of BFRQ are presented.
Beam failure detection
As there can be at most 3 CORESETs per BWP, it is natural that up to 3 RSs can be configured for beam failure detection per BWP. And if the BFD RSs are explicitly configured but without TCI state, the TCI state of CORESETs is applied to the BFD RS with an increasing order.
[bookmark: _GoBack]Another remaining issue for beam failure detection is the periodicity of beam failure instance (BFI) indication. In Rel-15, if the quality of BFD RSs is worse than a threshold, the PHY layer provides a beam failure instance indication to MAC layer periodically, with certain periodicity. We do not see a need to change this for SCell BFR in Rel-16.
Proposal 15: For beam failure detection on SCell, support the following:
· Up to 3 RSs can be used for beam failure detection per BWP per SCell;
· Beam failure instance indication periodicity follows Rel-15 design for SpCell.
As the BFD parameters are configured per BWP per SCell and the BFD procedure is performed per SCell, the UE complexity can be quite high when there are multiple SCells configured. In Rel-16, RAN1 has introduced the support of  using only one MAC CE to indicate the same Type-D QCL reference for PDSCH reception on multiple CC/BWP(s). Similarly, same Type-D QCL reference can be indicated for PDCCH reception over multiple CC/BWP(s), as discussed in Section 2.4.2. In such cases, a group-based BFD procedure can be considered. If Type-D QCL reference configured for PDCCH reception over several SCell(s) are the same, these SCells can form a group, and only one BFD timer and one BFI counter are used for beam failure detection for this SCell group. In this way, the UE complexity can be mitigated. 
Proposal 16: Support using only one beam failure detection timer and counter for a group of SCells with the same QCL TypeD reference configured for PDCCH reception on those SCells.
New beam identification
In Rel-15, if beam failure happened, the UE needs to identify a new gNB Tx beam with L1-RSRP above a configured threshold from the list of candidate beams configured by RRC and transmit beam failure recovery request (BFRQ) to gNB. As the PRACH to carry BFRQ information is configured together with candidate beam list, if no candidate beam list is configured for UE, CFRA based BFRQ cannot be transmitted. In Rel-16, BFR is performed per BWP per SCell, candidate beams should be configured per BWP per SCell. However, there are at most 31 SCells, with which the overhead for configuring candidate beam list are quite significant (i.e., up to thousands of bits). To reduce the signalling overhead, if candidate beam list is not considered, a default RS set can be used for new beam identification, such as all SSBs in the corresponding SCell.
Proposal 17: Support using all SSBs as candidates for new beam identification on SCell if candidate beam list is not configured.
Beam failure recovery request
Priority between beam failure recovery request and other signals
In the last meeting, there is a remaining issue on collision handling between PUCCH-BFRQ for SCell BFR and other uplink signals in the same slot. As agreed in the last meeting, SR-like dedicated PUCCH resource for SCell BFR has a higher priority than normal SR. The same rule can be applied to other uplink signals.  That is to say, when PUCCH-BFRQ transmission for SCell BFR collides with other uplink signals including HARQ or CSI or SRS, PUCCH-BFRQ transmission takes a higher priority.
Proposal 18: For SCell BFR, PUCCH carrying BFRQ transmission has a higher priority than PUCCH carrying HARQ-ACK or CSI or SRS transmission in the same slot.
Beam failure recovery timer
In Rel-15, a response window was set up to control the delay of BFRQ retransmission. After each BFRQ transmission, UE can attempt to detect the response to BFRQ, which we called BFRR. If UE can detect a BFRR within the window, BFR is considered as successful. If UE does not detect BFRR within the time window, UE can retransmit BFRQ with a higher power or transmit a new BFRQ associated with another identified beam. A maximum number of BFRQ retransmission and a BFR timer are used to control the latency of the whole BFR procedure. If no BFRR is received after reaching the maximum number of BFRQ retransmissions or BFR timer is expired, BFR is considered as unsuccessful and BFR procedure is stopped. 
Similar mechanism could be introduced to SCell BFR. First of all, the transmission reliability of BFRQ1 (Step 1 BFRQ, a SR-like PUCCH) is higher than BFRQ2 (Step 2 BFRQ, a UL MAC CE), thus we focus on the reliability and latency of BFRQ2 transmission. The UL MAC CE transmission mechanism specified in Rel-15 was not designed to provide timely retransmission, which is critical to BFR use case. A time window, similar to ra-ResponseWindow configured in BeamFailureRecoveryConfig in Rel-15, is needed as shown in Figure 5, where UE can monitor both DCI scheduling BFRQ2 retransmission on SpCell and BFR response as the indication of a successful BFR on SCell. If the UE cannot receive either the DCI scheduling BFRQ2 retransmission or the BFRR within the time window, it implies the BFRQ2 transmission has not successfully reached gNB. Then, UE can retransmit BFRQ1 to request a new PUSCH resource for BFRQ2 retransmission. With such time window, the overall latency of SCell BFRQ transmission can be controlled and the reliability is also improved.

Figure 5. Retransmission mechanism for 2 step BFRQ
Based on the discussions above, we have the following proposal:
Proposal 19: A time window starting from the transmission of MAC CE for BFRQ should be introduced to reduce the latency of retransmissions.

Summary of proposals
The observations and proposals of this paper are summarized as follows. 
Latency/overhead reduction
Observation 1: There is not enough time for UE to obtain accurate higher layer filtered RSRP if UE is required to apply the pathloss RS update MAC CE command 3 ms after sending HARQ ACK.
Observation 2:  If Rel-15 MAC CE is reused as the single MAC CE to activate the same set of PDSCH TCI state IDs for multiple CC/BWP(s), it is natural to allow for deactivating the same set of PDSCH TCI state IDs for multiple CC/BWP(s) using the same MAC CE format. 
Proposal 1: For configuring/updating spatial relation per group of PUCCH resources, support implicitly grouping PUCCH resources with same spatial relation configured before, at least for single TRP case.
Proposal 2:  Support including path loss reference RS in the activation MAC CE for SP and AP SRS.
Proposal 3: For SRS resource set configured with usage ‘noncodebook’, the default spatial relation refers to the activated TCI state containing the reference DL RS with the maximum number of ports, if spatial relation and associated CSI-RS are both not configured.
Proposal 4: Reuse Rel-15 MAC CE to deactivate the same set of PDSCH TCI state IDs for multiple CC/BWP(s) with the exception of the case where the set of newly activated TCI states is a subset of already activated TCI states for one CC/BWP.
Proposal 5: Support using single MAC CE to indicate TCI state for UE-specific PDCCH on multiple CCs/BWP(s). 
Proposal 6: For latency/overhead reduction, support UE to additionally report the max number of SSB/CSI-RS resources across all CCs within a slot, irrespective of 1-Tx or 2-Tx.

DL BM with L1-SINR
Observation 3: For L1-SINR reporting, one-to-one mapping between CMR and NZP IMR will incur large signalling/resource overhead for gNB to acquire accurate knowledge on interference situation.
Observation 4: L1-SINR based beam selection can only provide marginal performance gain comparing to R15 baseline. While, around 22% SE gain can be achieved if certain IMR-related information is reported along with L1-SINR. 
Proposal 7: The working assumption on NZP+ZP IMR for interference measurement in L1-SINR based beam management should be confirmed. 
Proposal 8: For L1-SINR calculation, the denominator (interference and noise) is calculated as follows: 
a. For ZP IMR based interference measurement, the received power measured on ZP IMR is assumed as interference and noise for L1-SINR calculation.
b. For NZP IMR based interference measurement, the sum of {signal power measured on associated or selected/reported NZP IMR(s)} and {residual power measured on NZP IMR(s) and/or CMR} is assumed as interference and noise for L1-SINR calculation.
c. For NZP+ZP IMR based interference measurement, the sum of {signal power measured on associated or selected/reported NZP IMR(s)} and {received power measured on ZP IMR} is assumed as interference and noise for L1-SINR calculation.
Proposal 9: Support Option 2C (1-to-N) and Option 3 (N-to-1) CMR-to-NZP-IMR mapping.
Proposal 10: For group-based L1-SINR reporting, after deciding the two CMRs to report, when calculating L1-SINR of one CMR, the other CMR that is simultaneously receivable is assumed as IMR.
Proposal 11: Support including additional IMR-related information in L1-SINR reporting.
Proposal 12: Support gNB configuring UE to report more than one L1-SINR values for each reported CMR.
Proposal 13: Support determining the step size of differential L1-SINR reporting based on the largest measured L1-SINR and a configured/pre-defined threshold.
[bookmark: OLE_LINK78]Proposal 14: L1-SINR report should have a higher priority over CSI-related report and also a higher priority than L1-RSRP report if any collision.

Beam failure recovery for SCell
Proposal 15: For beam failure detection on SCell, support the following:
· Up to 3 RSs can be used for beam failure detection per BWP per SCell;
· Beam failure instance indication periodicity follows Rel-15 design for SpCell.
Proposal 16: Support using only one beam failure detection timer and counter for a group of SCells with the same QCL TypeD reference configured for PDCCH reception on those SCells.
Proposal 17: Support using all SSBs as candidates for new beam identification on SCell if candidate beam list is not configured.
Proposal 18: For SCell BFR, PUCCH carrying BFRQ transmission has a higher priority than PUCCH carrying HARQ-ACK or CSI or SRS transmission in the same slot.
Proposal 19: A time window starting from the transmission of MAC CE for BFRQ should be introduced to reduce the latency of retransmissions.
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Appendix
	Parameters
	Values

	Scenarios 
	Dense Urban Macro layer only (agreed in RAN1 #95)

	Mode
	DL MU-MIMO

	Simulation bandwidth
	80MHz (DL+UL), TDD

	Subcarrier Spacing for data
	120kHz

	Channel Model
	Following related assumption in TR 38.802/38.901

	TXRU mapping to antenna elements
	2D DFT based beam per polarization

	TXRU mapping weights
	DFT

	Criteria for selection for serving TRP
	L1-RSRP based

	Criteria for beam selection for serving TRP
	L1-RSRP or L1-SINR based

	Constraints for the range of selective beams per TRP sector
	(-60, 60) degree in horizon, (-15, 15) degree in vertical

	Scheduling algorithm
	PF based MU scheduling

	Link adaptation
	Based on CSI-RS.

	Traffic Model
	Full buffer

	BS antenna configurations
	[bookmark: _Hlk526726552](M, N, P, Mg, Ng) = (4, 8, 2, 2, 2). (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (2.0, 4.0) λ
Note: important to consider also other antenna configurations to maintain flexibility

	BS antenna element radiation pattern
	According to TR38.802

	UE antenna configurations
	(M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (0, 0) λ. *Θmg,ng=90°; Ω0,1=Ω0,0+180°;
Note: important to consider also other antenna configurations to maintain flexibility

	UE antenna element radiation pattern
	See Table A.2.1-8 in TR 38.802

	Inter-panel calibration for UE
	Ideal

	Beam correspondence
	Yes

	Control and RS overhead
	Calculated according to the period of RS

	Control channel decoding
	Ideal

	UE receiver type
	MMSE-IRC

	BF scheme
	DFT

	Transmission scheme
	Rank adaptation with up to 2 layer

	UE mobility feature
	30km/h
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