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Introduction
NR MIMO enhancement WI [1] includes the objectives to enhance the multi-beam operations on L1-SINR reporting, SCell BFR, multi-panel UE and overhead/latency reduction. Pertinent agreements related with multi-beam operation enhancement made so far are summarized here:
	Agreement
· When dedicated IMR is not configured, 
· If CMR is based on CSI-RS, when L1-SINR is configured, and interference measurement is performed using CMR with CSI-RS only with density 3 REs/RB for 1-port CSI-RS is used 
· Spec does not require UE to use SSB for interference measurement
· Note: CSI-RS above is CSI-RS for BM
· When dedicated IMR is configured,
· NW can configure interference measurement for L1-SINR with either of the following options
· ZP-IMR only
· NZP-IMR only 
· (WA) ZP-IMR and NZP IMR (interference measurement is taken on both)
· Maximum Number of ZP IMR is 1
· If IMR is configured based on NZP IMR only, when L1-SINR is configured, interference measurement is performed only with density 3 REs/RB CSI-RS 
· If IMR is configured based on ZP IMR only, when L1-SINR is configured, interference measurement is performed using ZP IMR
· FFS: interference measurement is performed using CMR additionally
· Support of L1-SINR is optional
· FFS: Support of NZP IMR and ZP IMR are separate UE capabilities
· Note: CSI-RS above is CSI-RS for BM
Agreement
Down-select in RAN1#98 from the following options for beam management enhancements:
· Alt1. Support UE to report CRI/SSBRI where the CRI/SSBRI refers to a preferred spatial relation RS for UL transmission
· FFS: Whether to support SRI in addition to CRI/SSBRI
· FFS on details of the reporting configuration (e.g. separate or joint reporting with existing DL beam reporting, introduction of new information from UE such as MPR)
· Alt2. Support SRI field in the DCI can be used to indicate multiple SRS resources and UE’s autonomous selection of one SRS resource for PUSCH beam determination out of the multiple
· Alt3: Reuse Rel-15 beam specific PHR reporting to determine beam-specific MPE impact transparently, i.e., by difference value between Pc,max (which is calculated based on P-MPR) and the required transmission power.
· FFS: Enhancement on UL beam configuration for virtual PHR. 
· Alt4: No enhancements considering MPE issues in Rel-16 RAN1 specifications. It is up to UE implementation in conjunction to RAN4 specicfiation support.

Agreement
On BFRQ procedure for SCell
· Step 1 can be carried by at least a dedicated SR-like PUCCH resource for BFR over PCell or PSCell
· FFS: Details including whether or not it is precluded that MAC CE in step 2 is multiplexed in a PUSCH not triggered by step 1
· (Working Assumption) Step 2 is carried by MAC CE 
Above applies at least for SCell with downlink only
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
Agreement
Select one of the following alternatives in RAN1#98. Companies should take into account the maturity, forward compatibility to future releases, efficient use of SRS resource usage, and extension to simultaneous transmission across multiple panels of each alternatives for completion within the intended Rel-16 schedule. If there is no consensus in RAN1#98, UL multi-panel enhancement will not be specified in Rel-16.

gNB can configure/indicate panel-specific transmission for UL transmission, via
· Alt.2: Introduce a UL-TCI framework in Rel-16 and support UL-TCI based signaling analogous to DL beam indication supported in Rel-15, e.g., as illustrated below.
· A new panel ID may or may not be introduced.
· A panel specific signaling is performed using UL-TCI state
· Alt.3: a new panel-ID is introduced, which can be implicitly/explicitly applied to the transmission for a target RS resource or resource set, for PUCCH resource, for SRS resource, FFS for PRACH
· A panel specific signaling is performed using the new panel-ID implicitly (e.g., by DL beam reporting enhancement) or explicitly.
· If explicitly signaled, the ID can be configured in the target RS/channel or reference RS(e.g., in the DL RS resource configuration or in spatial relation info).
· No new MAC CE is specified for the purpose of introducing the ID.



In this contribution, we present our views on various aspects of multi-beam operation enhancement, including overhead/latency reduction, multi-panel UE, SCell BFR and L1-SINR based beam reporting. Relevant scenarios will be discussed as well as the potential approaches and feasible alternative solutions. 
Discussions
UL Tx beam for multi-panel UE
Two Alternatives regarding panel-specific transmission for multi-panel UE were discussed in last meeting. One Alt is to introduce uplink TCI framework for beam indication of PUSCH transmission, which is analogous to DL beam indication based on TCI. 
As specified in release 15, the Tx beam indication for uplink transmission is designed as follows:
· For SRS and PUCCH: spatial relation is configured to each SRS or PUCCH to indicate the UE Tx beam.
· PRACH: the UE determines the UE Tx beam based on measuring downlink RS.
· Codebook-based PUSCH: the Tx beam is indicated indirectly through the SRS resource indicated by the scheduling DCI format 0_1. The UE use the Tx beam applied to the indicated SRS resource to transmit the PUSCH. 
· Noncodebook-based PUSCH: similarly, the Tx beam is also indicated indirectly through the SRS resource(s) indicated by the scheduling DCI format 0_1. The UE use the Tx beam(s) applied to the indicated SRS resource(s) to transmit the PUSCH. 
It looks beneficial to support indicating Tx beam for a PUSCH transmission, instead of using SRS resource as a bridge. That can reduce the latency of Tx beam indication/switch for PUSCH and improve the flexibility.  To design a UL-TCI-like Tx beam indication for PUSCH, we shall consider the following aspects.
The gNB can configure a CORESET as the spatial relation source for PUSCH. If a CORSET is configured as the spatial relation source for a PUSCH transmission, the UE is indicated to use the beam applied to that PDCCH to transmit the PUSCH. Generally, the best beam for downlink transmission is also the best beam for uplink transmission. Therefore, using the same beam on PDCCH and PUSCH has wide applicability in real-field deployment. The CORESET is configured with a TCI state to provide QCL information. The UE can use the RS configured in the TCI state for QCL-Type D to derive the transmit beam for the PUSCH transmission. This method can reduce the signaling overhead for switching beam. When the gNB finds better beam, the gNB can update the TCI state for the CORESET and then the Tx beam for PUSCH is switched automatically without using any signaling. Otherwise, the gNB would have to send signaling to re-configure the TCI state for CORESET and another signaling to switch the Tx beam for PUSCH. For the same reason, we can configure a PUCCH resource as the spatial relation source for PUSCH.
[bookmark: _Hlk16113008]Proposal 1: If UL-TCI framework is supported, a CORESET or a PUCCH resource can be configured as spatial relation source for PUSCH.
For PDSCH transmission, the UE is configured with M TCI-states to provide QCL information for PDSCH reception.  MAC CE is used to activate up to 8 TCI states and then one DCI format can indicate one of those for the scheduled PDSCH transmission.  A UE with beam correspondence capability can derive the uplink Tx beam based on a downlink RS. So, in our view, those TCI states configured for PDSCH transmission can be re-used for PUSCH transmission for UE with beam correspondence capability. The RS configured in TCI state for QCL-TypeD can be used to provide spatial relation information for PUSCH transmission. The merits for re-using TCI states of PDSCH to PUSCH are:
· Generally, the best beam for downlink transmission is same to the best beam for uplink transmission. Therefore, there is no reason to use two separate groups of signaling to configure/indicate the beams for PDSCH and the beams for PUSCH.
· Reusing the TCI states of PDSCH to PUSCH transmission can halve the signaling overhead for beam indication function. The RRC and MAC CE signaling for configuring and activating TCI state are enough and we do not new extra RRC and MAC CE command that is dedicated for PUSCH beam indication.
For a UE with beam correspondence, the gNB can configure M TCI states for PDSCH and PUSCH. The RS for QCL-Type D in a TCI state is used to provide spatial relation. MAC CE can be used to activate up to 8 TCI states, as specified in release 15. Then, a DCI scheduling a PUSCH transmission can indicate one of those activated TCI states and the UE shall derive the Tx beam for the PUSCH transmission according to the RS configured for QCL-TypeD in the indicated TCI state. 
[bookmark: _Hlk16113012]Proposal 2: For UE with beam correspondence, the TCI states configured/activated for PDSCH are re-used to provide spatial relation source for PUSCH.
For a UE with multiple Tx panels, one critical issue is power consumption. In mmWave band, the power efficiency of a PA is lower than those of sub-6GHz. Implementing multiple Tx panels usually means multiple PAs, which leads to more transmission power consumption. Therefore, the design work for multi-beam operation enhancement for multi-panel UE shall consider how to reduce the power consumption. In last few meetings, designs for panel-specific transmission were discussed. In our view, the motivation for specifying panel specific transmission is to assist the power saving of multi-panel UEs.  Various approaches for improving power efficiency or saving power can be considered for multi-panel UEs. One method for saving power is the UE can deactivate some Tx panels when they are not needed or used. Of course, the tradeoff between the performance (e.g., throughput, latency) and power consumption shall be carefully investigated with common evaluation assumptions. 
[bookmark: _Hlk16113016]Proposal 3: Panel-specific transmission shall support fast activating/ deactivating Tx panel(s) for efficient power consumption in multi-panel UEs.
We agreed to only consider specification enhancement for MPUE-Assumption 3 in Rel-16. The MEPU-Assumption 3 is that a UE has multiple panels, multiple panels can be activated but the UE only uses one panel for transmission.  One method to help power saving for UE with MEPU-Assumption 3 is to minimize the number of Tx panels the UE needs to activate simultaneously. To achieve that, we shall reduce the dynamic Tx beam between panels. In other words, the UE shall be able to use one Tx panel for all the uplink transmission for a given time duration and then switch to another panel if needed.
For a UE with beam correspondence, the spatial relation for uplink transmission is signaled through a downlink RS, a SS/PBCH block or a CSI-RS resource. In that case, it can be up to UE’s implementation to determine one panel used for uplink transmission. For DL beam measurement and reporting, the UE can report N CRIs or SSBRIs that corresponds to the same UE panel.  The gNB configure spatial relation for PUCCH and SRS source (the spatial relation of PUSCH is indirectly configured through SRS resource) according the DL beam reporting result. Through doing that, the UE can use one panel for DL beam measurement and then uplink transmission for a given time length. When the UE finds DL beam measurement has better performance at another panel, the UE can report Tx beam according to the measurement using the new panel and then switches to using the new panel for uplink transmission. 
For a UE without beam correspondence, transmission of SRS source for uplink beam management is needed for measuring the uplink beams and then configuring spatial relation for PUCCH and PUSCH (of course through the SRS configured for PUSCH transmission according to the specification in release 15).  The normal implementation procedure is the UE is first configured with one or multiple set of SRS resources for uplink beam sweeping used to measure uplink beams. Because there is no beam credence, the gNB cannot configure a DL RS as the spatial relation for an SRS transmission. The UE determines the Tx beam and sweeps those Tx beams over the SRS transmissions. By implementation, the UE can map one SRS resource set for uplink beam management to a Tx panel and map different SRS resource sets to different Tx panel, which seems to be implied by the specification of release 15.  To avoid forcing UE to activate multiple Tx panels, we can do:
· The gNB does not trigger or activate the transmission of multiple SRS resource sets for uplink beam management simultaneously. 
· Codebook-based PUSCH transmission: the source SRS configured as spatial relation for those two SRS resources in the set with usage = codebook shall in the same SRS resource set, i.e., they are transmitted from the same panel. That can make sure the dynamic Tx beam switch indicated by DCI format 0_1 does not trigger UE panel switch.
· PUCCH resource: the spatial relation configured to all PUCCH resources shall be SRS resources in the same set.  We have agreed to update/indicate one single spatial relation for all the PUCCH resources. So that is supported by the specification. All we need here is to ensure the spatial relation configured for PUCCH is an SRS resource in the same set as the SRS resources configured as spatial relation for SRS resources for codebook-based PUSCH.
· Noncodebook-based PUSCH transmission: DCI format 0_1 can indicate one or more SRS resources for noncodebook-based transmission. Those SRS resources are generally transmitted from different panels. So, if more than one SRS resources are indicated, the UE would have to activate multiple panels for PUSCH transmission. To reduce the number of activated panels, the gNB can indicate less SRS resources, for example, only one SRS resource.
To summary, current specification can also support panel-specific transmission for low power consumption if the mapping between one SRS resource set for uplink beam management and one UE Tx panel can be clearly specified.
[bookmark: _Hlk16113021]Proposal 4: Clearly specify that one SRS resource set for uplink beam management is mapped to one UE Tx panel.
L1-SINR based beam reporting
In RAN1 #97[2], we made agreement to support both dedicated IMR-based L1-SINR measurement and CMR-based L1-SINR measurement.  To support ZP-IMR-based L1-SINR reporting, we can configure two resource settings. In the first resource setting, there are e NZP CSI-RS resources for channel measurement and in the second resource setting, there are  CSI-IM for interference measurement. The CSI-IM in the second resource setting is one-to-one associated with the NZP CSI-RS resources in the first resource setting for each L1-SINR measurement. Each NZP CSI-RS resource in the first resource setting is one-to-one resource-wise associated with a CSI-IM in the second resource setting by the ordering of resources in each setting. 
The use cases for NZP-IMR based L1-SINR is the gNB can configure the UE to measure the link quality if one Tx beam is used to transmit data while another Tx beam causes interference to the UE. Another use case is the gNB can ask the UE to measure the link quality of one Tx beam with respect to each of multiple possible Tx beam interference source and thus the gNB can pick the best ‘peer’ Tx beam for that Tx beam. To support that, we can configure two rescore settings. The first resource setting has  NZP CSI-RS resources for channel measurement. In the second resource setting, there are  NZP CSI-RS resources for interference measurement. The value of  can be 1 or more than 1.  Each CSI-RS resource in the first rescore setting is associated with  CSI-RS resources in the second resource setting.  If , each CSI-RS resource in the first resource setting is one-to-one associated with one CSI-RS resource in the second resource setting for interference measurement. With that configuration, the gNB can configure the UE measure the L1-SINR of each pair of Tx beams and then the UE can select and report the best Tx beam pair to the gNB. If , each CSI-RS resource in the first resource setting is associated with multiple CSI-RS resources in the second resource setting for interference measurement. With this configuration, the gNB can configure the UE to measure L1-SINR of one Tx beam with respect to each of  interfering Tx beams which would be possible interference source to the UE and then the UE can pick and report the ‘best’ interference Tx beam to the gNB.  For the association between CSI-RS resources in two resource setting, one method can be the n-th NZP CSI-RS resource in the first resource setting is associated with {((n-1)×L+1)-th, ((n-1)×L+2)-th,…, ((n-1)×L+L)-th} NZP CSI-RS resources in the second resource setting. Examples of L can be 1, 2, or 4. 
To measure one L1-SINR, the UE shall apply the same Rx beam to receive the CSI-RS used for channel measurement and CSI-IM or NZP CSI-RS resource used for interference measurement. Therefore, the UE shall apply the QCL-typeD configured to one NZP CSI-RS resource to receive the associated CSI-IM or NZP CSI-RS resource for interference measurement. 
[bookmark: _Hlk16113030]Proposal 5: For dedicated IMR based L1-SINR beam reporting, support the following configurations: 
· The UE is configured two resource settings. The first resource setting has  NZP CSI-RS resources for channel measurement and the second resource setting has  NZP CSI-RS resources for interference measurement. Every  NZP CSI-RS resources in the second resource setting are associated with one NZP CSI-RS resource in the first resource setting for L1-SINR calculation.
· The UE is configured with two resource settings. The first resource setting has NZP CSI-RS resources for channel measurement and the second resource setting has  CSI-IM for interference measurement. CSI-IM and NZP CSI-RS resource is one-to-one associated for L1-SINR calculation. 
· The UE shall apply the QCL-TypeD configured to NZP CSI-RS resource for channel measurement to receive the associated IMR(s).
For Rel-15, beam reporting is based on wideband L1-RSRP due to the low overhead of reporting and good robustness. Another reason is beam reporting is generally for analog beams that is applied in the manner of wideband. The same principle and reason should be applied here for L1-SINR beam reporting. Sub-band L1-SINR-based beam reporting is not necessary in our view.
[bookmark: _Hlk16113077]Proposal 6: Only wideband L1-SINR is supported for beam reporting in Rel-16.
Regarding the reporting contents, some companies were suggested to report both L1-RSRP and L1-SINR in the same reporting instance, e.g., to facilitate the UE pairing for MU-MIMO. There are also some contributions showing that only L1-SINR will not offer performance gain and L1-RSRP plus L1-SINR may get performance gain. One possible solution is NW can configure and trigger two beam reporting, one is for L1-SINR beam reporting and the other is for L1-RSRP beam reporting. The cost for that solution is extra signaling overhead. Furthermore, potentially Tx beams reported in two different reports can be different because those two reporting are configured independently. From the perspective of signaling overhead and also usefulness of beam reporting, it is beneficial to support simultaneous report of L1-RSRP and L1-SINR. Thus, we have the following proposal
[bookmark: _Hlk7635429]Proposal 7: In a L1-SINR reporting instance, the UE shall report CRI, L1-SINR and the L1-RSRP of the reported CRI. 
SCell BFR
In RAN1 #97 [2], we agreed to support 2-step BFRQ procedure for SCell. Carrying step-2 message through MAC CE was agreed as a working assumption. In our view, the WA shall be confirmed at least for the sake of progress. 
[bookmark: _Hlk16113092]Proposal 8: Confirm the WA that SCell BFRQ step 2 message is carried in MAC-CE 
It was agreed that step 1 can be carried in a dedicated SR-like PUCCH resource over PCell or PSCell. That SR-like PUCCH resource can be just a normal SR configuration. We do not need to configure a PUCCH resource that is used to only trigger uplink grant for SCell BFRQ step-2 MAC CE transmission. 
1) The MAC CE of SCell BFRQ can be carried in any PUSCH transmission. Therefore, any PUSCH grant triggered by any SR shall be used to transmit that MAC CE. Even a PUSCH transmission of a configured grant can be used to transmit that MAC CE. 
2) When beam failure happens in one SCell, the UE shall use the first PUSCH grant to report the MAC CE to the gNB to achieve low latency for SCell BFR. Assuming a ‘dedicated SR’ is used for SCell BFR, when beam failure happens in one SCell, if the UE meets one SR chance before the next ‘dedicated SR’ chance, can the UE use that SR to request uplink grant for MAC CE transmission? The answer shall be yes. The UE should not wait for the ‘dedicate SR’ to increase the latency.
3) For a given uplink grant, the UE does not know which SR transmission actually triggers the gNB to schedule it. Therefore, if we limit the MAC-CE to be carried in particular PUSCH, it is not possible for the UE to know which PUSCH shall be used, unless some new bit field is added to DCI to indicate that, which is not desired.
[bookmark: _Hlk16113096]Proposal 9: The UE can send step-2 MAC CE message in any PUSCH transmission. 
Proposal 10: Do not support dedicated SR configuration for uplink grant for step-2 MAC CE message and use normal SR configuration for that purpose. 
Performing BFR on SCell is a UE capability and the maximum number of SCells for which the UE can perform BFR is reported in UE capability reporting. Generally, the gNB can only configure the UE to perform BFR on the subset of the activated SCells. Therefore, we need signaling for the gNB to provide the indices of SCells to the UE, on which the UE is configured to perform BFR.  The BFD RS for SCell BFR can be configured explicitly or implicitly. Thus, the method of configuring BFD RS for one SCell to indicate the UE to perform BFR SCell does not work. As we agreed, configuring new beam identification RS is not required. Therefore, the method of configuring new beam identification RS for one SCell to indicate the UE to perform BFR on that SCell does not work either. So, the gNB needs to use dedicated signaling to explicitly configure the UE to perform BFR on one SCell. 
[bookmark: _Hlk16113101]Proposal 11: The gNB explicitly configures the UE to perform BFR on one SCell.
A SCell can be activated or deactivated. The BFR for one SCell would be affected by the deactivation operation. When a SCell is deactivated, the on-going BFR procedure for that SCell shall be stopped. 
[bookmark: _Hlk7635472]Proposal 12: The on-going BFR procedure is stopped upon the deactivation of the associated SCell.
Overhead/latency reduction for multi-beam operation
In RAN1 #97, we agreed a WA to support two groups of PUCCH resources for updating/indicating a single spatial relation per group of PUCCH resources. In our view, that WA shall be confirmed. The use case is multi-TRP scenario. In a multi-PDCCH based multi-TRP scenario, the UE transmits at least HARQ-ACK/NACK through PUCCH to two different TRPs. The UE applies different Tx beams on PUCCH transmission to different TRPs. Therefore, the UE shall be configured with two spatial relations for PUCCH resources. One spatial relation is applied to PUCCH transmission to the first TRP while the other spatial relation is applied to PUCCH transmission to the second TRP.
[bookmark: _Hlk16113113]Proposal 13: Confirm the WA of supporting two PUCCH groups for updating/indication of a single spatial relation per group.
We do not explicitly divide the PUCCH resources into two groups for the purpose of indicating spatial relation. And we do not need to define some ‘PUCCH group ID’ to explicitly divide the PUCCH resources in two group. According the specification, the PUCCH resource for one PUCCH transmission can be dynamically determined. For example, the PUCCH resources for a HARQ transmission is determined by and the number of CCEs in the CORESET and the following equation:


In multi-TRP scenario, the same PUCCH resource can be used for HARQ transmission to the first TRP in one slot but used for HARQ transmission to the second TRP in another slot. So, it is not feasible to fix the association between one of those two spatial relations to a PUCCH resources. The UE shall determine the spatial relation for each PUCCH transmission according to the transmission target TRP. For example, two spatial relations for PUCCH are indicated to the UE. The first spatial relation is for TRP 1 and the second spatial relation is for TRP 2.  For a given PUCCH transmission, if the UCI target TRP is TRP 1, the UE applies the first spatial relation, while the UE applies the second spatial relation if the UCI target TRP is TRP 2.  
In single TRP case, the use case for configuring two spatial relations for PUCCH resources in one BWP is to the gNB can configure the UE to use two different beam direction on PUCCH transmission for higher beam diversity. For each indicated spatial relation info, the gNB can indicate the index(es) of PUCCH resources on which the UE shall apply the indicated spatial relation. One implementation method can be the MAC CE can use a bitmap to indicate the index(es) of PUCCH resources which one spatial relation is applied to.  
[bookmark: _Hlk16113118]Proposal 14: Do not configure the PUCCH group explicitly and do not introduce explicit ‘PUCCH group ID’. Support the following methods for determining spatial relation for a PUCCH resource:
· The UE is indicated with two spatial relations for PUCCH. For a given PUCCH transmission, the UE determine the spatial relation according to the TRP that receives the PUCCH transmission. This method is applicable to multi-TRP case.
· The gNB indicate the index(es) of PUCCH resources for one spatial relation. This method is applicable to single-TRP case with two indicated spatial relation for PUCCH.
In release 15, there is no Tx beam indication field in DCI format 0_0. The PUSCH transmission scheduled by DCI format 0_0 uses the Tx beam configured to the PUCCH with lowest ID.  Since we change method of spatial relation of PUCCH now, the Tx beam indication for fallback PUSCH shall be considered too. If only a single spatial relation is indicated for all the PUCCH resources in one BWP, the fallback PUSCH shall follow that spatial relation. In multi-PDCCH based multi-TRP scenarios, two spatial relation are indicated for all the PUCCH resources in one BWP.  The UE shall choose spatial relation for a fallback PUSCH based on which TRP schedules that PUSCH transmission. If the TRP 1 schedules a fallback PUSCH transmission, the UE applies the spatial relation configured for TRP 1 and if the TRP 2 schedules a fallback PUSCH transmission, the UE applies the spatial relation configured for TRP 2.
[bookmark: _Hlk16113122]Proposal 15: The method of Tx beam indication for PUSCH scheduled by DCI format 0_0 shall be re-designed, at least for multi-TRP case.
A few alternatives were listed for the MPE issues. Generally, MPE issue is a typical and traditional RAN4 issue. Actions have been taken and are on-gonging in RAN4 now. For MPE issue, the UE shall reduce the transmit power for directions pointing to human body due to the RF exposure compliance reason. From perspective of RAN1, in FR2 system, the UE shall reduce the maximal transmit power for those Tx beams pointing to human body.  If the UE is smart enough to sense the location of human body accurately, the UE can apply reduced maximal transmit power on each refined Tx beam direction. However, if the UE cannot estimate the location of human body accurately, the UE would have to apply power back-off over a wider beam direction.
Assume we have a UE that is smart enough to sense the direction of human body and thus the UE can apply power back on each refined Tx beam. Considering an example that the UE have two Tx beams: Tx beam a with no power off and Tx beam b with power off x dBm, shown in Figure 1 Thus, the UE can transmit on Tx beam a with up to  while on Tx beam b with up to . 


Figure 1
For a given uplink PUSCH or PUCCH transmission, choosing Tx beam a or b depends on various factors including pathloss of each beam pair link and actual transmit power of a given PUSCH and PUCCH that depends on the bandwidth and MCS level. If the pathloss of beam pair link of Tx beam a is better than that of the Tx beam b, we can choose Tx beam a for any PUSCH or PUCCH transmission. However, if the pathloss of beam pair link of Tx beam b is better than that of the Tx beam a, choosing Tx beam would be complicated. If Tx power of using either Tx beam does not achieve the corresponding maximal Tx power, we shall choose the Tx beam b.  If the bandwidth of PUSCH transmission is large enough so that the maximal Tx power is needed for one of those Tx beams, choosing Tx beam shall consider the value of actual Tx beam – estimated pathloss. For a UE without beam correspondence, the SRS transmission for beam sweeping can factor in the power off on some beam directions. In the transmission of   a set of SRS resources for uplink beam training, the UE can apply the Tx power considering the required power back off on each SRS resource and thus the gNB is able to choose the ‘best’ SRS resource for PUSCH and PUCCH transmission. For a UE with beam correspondence, the gNB can indicate Tx beam for uplink transmission through DL RS and the gNB chooses DL RS based on DL CRI/L1-RSRP reporting. The CRI/L1-RSRP reporting specified in release 15 does not factor in the power off issue.  Various solutions are available here. One solution is the UE can choose the CRIs that are good for uplink transmission by considering power off on each beam direction through UE implementation. Please note, in CRI/L1-RSRP reporting, the UE is not obligated to always choose and report the CRIs with largest L1-RSRP.  Another solution is the gNB can trigger the UE to transmit a set of SRS resources for Tx beam sweeping, on which the UE can factor in the power off. Those methods based on UE implementation might not resolve the issue completely. How to address the MPE issue in specification needs further study. In our view, in DL beam measurement and reporting, the UE shall consider the power off on each beam direction when selecting DL CRI or SSBRI.  Reporting power header room per reported CRI or SSBRI along with the beam reporting can be considered. For SRS transmission for beam sweeping, we can consider asking the UE to report the information of power back-off for each SRS resource. The gNB can use the power back-off per SRS resource along with RSRP measurement on each SRS resource to select the best SRS resource for uplink transmission.
[bookmark: _Hlk16113126]Proposal 16: RAN1 study further on addressing MPE issues in rel16 and the following shall be considered:
· In DL beam reporting, UE reports a hypothetical Tx power room for each reported CRI/SSBRI by taking into account power bake-off on each beam direction.
· For an SRS resource for uplink beam management, the UE reports information of power back-off value applied on the Tx beam direction of that SRS resource. 
In the multi-beam operation framework specified in release 15, the beam indication for PDSCH is based a three-level hierarchy of RRC + MAC CE + DCI with spatial QCL parameter configured in TCI state: RRC configures TCI-State; MAC CE signaling activates a few configured TCI states to map them to the codepoints of DCI field ‘Transmission Configuration Indication’; and then a DCI indicates a TCI state dynamically. Such three-level hierarchy could lead to unnecessary signaling overhead and latency in some typical deployment cases.  Consider a multi-beam system configured with L<=8 TCI states. Since there are three bits in the DCI field ‘Transmission Configuration Indication’, all the configured TCI states can be mapped to codepoints of DCI field without necessarity of using MAC CE to select a subset from the configured TCI states. But in the current framework, a MAC CE must be used to map TCI states to codepoints in DCI, which increases both overhead and latency. Signaling overhead is increased because of the transmission of activation command MAC CE message and the acknowledge for the MAC CE. Latency is increased because there are always  slots from the transmission of HARQ-ACK corresponding to PDSCH carrying the activation command and application of the activation command. One simple solution to resolve that issue is to skip activation command when number of configured TCI states is no more than 8. Those TCI states configured in RRC can be mapped to the codepoints of DCI directly. 
[bookmark: _Hlk7635510]Proposal 17: When M ≤ 8 TCI states are configured, no activation command is used to map TCI states to DCI codepoints for the dynamic beam indication of PDSCH and the UE can assume the TCI states configured in RRC are mapped to DCI codepoints directly.
For codebook-based PUSCH, a UE can be configured with one SRS resource set with up to 2 SRS resources. The gNB can dynamically indicate one Tx beam for the PUSCH transmission from those 2 SRS resources through the SRI field in DCI. In our view, containing only 2 SRS resources restricts the flexibility and also could increases the latency.  Semi-persistent SRS was agreed to be a mandatory UE feature in Rel-15 for the sake of flexibility. The gNB can change the Tx beams of those 2 SRS resources configured for codebook-based PUSCH via MAC CE signaling. However, MAC CE signaling still offers more overhead and larger latency than DCI signaling. To resolve that issue, one solution is to increase the number of SRS resources configured for codebook-based PUSCH.  
[bookmark: _Hlk7635516][bookmark: _GoBack]Proposal 18: Rel-16 supports up to 4 SRS resources for codebook-based PUSCH.
Conclusion
In this contribution, we presented our views on L1-SINR beam reporting, SCell BFR, overhead and latency reduction, as well as multi-panel UE. Based on the discussion, the following proposals are provided:
Proposal 1: If UL-TCI framework is supported, a CORESET or a PUCCH resource can be configured as spatial relation source for PUSCH.
Proposal 2: For UE with beam correspondence, the TCI states configured/activated for PDSCH are re-used to provide spatial relation source for PUSCH.
Proposal 3: Panel-specific transmission shall support fast activating/ deactivating Tx panel(s) for efficient power consumption in multi-panel UEs.
Proposal 4: Clearly specify that one SRS resource set for uplink beam management is mapped to one UE Tx panel.
Proposal 5: For dedicated IMR based L1-SINR beam reporting, support the following configurations: 
· The UE is configured two resource settings. The first resource setting has  NZP CSI-RS resources for channel measurement and the second resource setting has  NZP CSI-RS resources for interference measurement. Every  NZP CSI-RS resources in the second resource setting are associated with one NZP CSI-RS resource in the first resource setting for L1-SINR calculation.
· The UE is configured with two resource settings. The first resource setting has NZP CSI-RS resources for channel measurement and the second resource setting has  CSI-IM for interference measurement. CSI-IM and NZP CSI-RS resource is one-to-one associated for L1-SINR calculation. 
· The UE shall apply the QCL-TypeD configured to NZP CSI-RS resource for channel measurement to receive the associated IMR(s).
Proposal 6: Only wideband L1-SINR is supported for beam reporting in Rel-16.
Proposal 7: In a L1-SINR reporting instance, the UE shall report CRI, L1-SINR and the L1-RSRP of the reported CRI. 
Proposal 8: Confirm the WA that SCell BFRQ step 2 message is carried in MAC-CE 
Proposal 9: The UE can send step-2 MAC CE message in any PUSCH transmission. 
Proposal 10: Do not support dedicated SR configuration for uplink grant for step-2 MAC CE message and use normal SR configuration for that purpose. 
Proposal 11: The gNB explicitly configures the UE to perform BFR on one SCell.
Proposal 12: The on-going BFR procedure is stopped upon the deactivation of the associated SCell.
Proposal 13: Confirm the WA of supporting two PUCCH groups for updating/indication of a single spatial relation per group.
Proposal 14: Do not configure the PUCCH group explicitly and do not introduce explicit ‘PUCCH group ID’. Support the following methods for determining spatial relation for a PUCCH resource:
· The UE is indicated with two spatial relations for PUCCH. For a given PUCCH transmission, the UE determine the spatial relation according to the TRP that receives the PUCCH transmission. This method is applicable to multi-TRP case.
· The gNB indicate the index(es) of PUCCH resources for one spatial relation. This method is applicable to single-TRP case with two indicated spatial relation for PUCCH.
Proposal 15: The method of Tx beam indication for PUSCH scheduled by DCI format 0_0 shall be re-designed, at least for multi-TRP case.
Proposal 16: RAN1 study further on addressing MPE issues in rel16 and the following shall be considered:
· In DL beam reporting, UE reports a hypothetical Tx power room for each reported CRI/SSBRI by taking into account power bake-off on each beam direction.
· For an SRS resource for uplink beam management, the UE reports information of power back-off value applied on the Tx beam direction of that SRS resource. 
Proposal 17: When M ≤ 8 TCI states are configured, no activation command is used to map TCI states to DCI codepoints for the dynamic beam indication of PDSCH and the UE can assume the TCI states configured in RRC are mapped to DCI codepoints directly.
Proposal 18: Rel-16 supports up to 4 SRS resources for codebook-based PUSCH.
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