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Introduction
In RANP#82 meeting, the WID on beam management enhancement in Rel.16 was updated as below
	· Enhancements on multi-beam operation, primarily targeting FR2 operation:
· 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 UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· 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


In this contribution, we present our view on the potential enhancements of beam management for Rel.16 eNR-MIMO. This contribution is revised from R1-1904241 that was submitted to RAN1#96bis meeting.
[bookmark: _Hlk510094111][bookmark: _Hlk525834352]UL panel-specific beam selection
Regarding the UL panel-specific beam selection, the following agreements were achieved in RAN1#95 and RAN1 AH#1901 respectively.
	Agreement 
In Rel-16, an identifier (ID) that can be used at least for indicating panel-specific UL transmission is supported, where detailed usages for the panel-specific UL transmission are FFS
· The ID should be defined considering the possibility to reuse/modification of Rel-15 specification support or introducing new ID
· Note: RAN1 to avoid unnecessary specification support requiring UE to explicitly disclose its UL antenna panel implementation
· FFS: Whether UE capability signalling is introduced for panel-specific UL transmission
Agreement
An identifier (ID), agreed in RAN1#95, that can be used at least for indicating panel-specific UL transmission is to be down-selected or merged from the following alternatives in next RAN1 meeting:
· Alt.1: an SRS resource set ID, where FFS on further association to other RS (if needed)
· Alt.2: an ID, which is directly associated to a reference RS resource and/or resource set 
· Alt.3: an ID, which can be assigned for a target RS resource or resource set
· Alt.4: an ID which is additionally configured in spatial relation info


An ID for panel-specific beam selection
In the remaining meetings, RAN1 needs to narrow down or merge the above alternatives (IDs) for panel-specific beam selection on UE antenna panels. To elaborate our view, allow us to repeat the four alternatives in what follows. Specifically, Alt.1 clearly states to use the UL RS resource set, i.e. SRS resource set without any limitation on its usage. 
Both Alt.2 and Alt.3 seem more generic by using either DL RS resource/resource set as an ID. Assuming the panel-level correspondence hold, a UE reports the Rx panel ID of DL reception to network side that associate DL RS to DL Rx panel at UE and then indicate the UL Tx panel with DL RS. However, this scheme complicates the UL panel-specific beam selection procedure with potentially increased latency, not to mention the effort in RAN1 or RAN4 to define and specify the panel-level correspondence. 
Alt.4 indirectly involves an ID in UL related RRC parameter, i.e. SpatialRelationInfo. In addition, the terminology UTE (UL Transmission Entity) was proposed to represent physical antenna panel at UE. In our understanding, it is a smart design to circumvent specifying UE panel implementation in specifications. However, in essence UTE is the same thing as physical UE panel but with an abstract name. 
Therefore, we believe Alt.1 is a reasonable choice to provide an ID for specifically controlling UE’s antenna panel(s).
Proposal 1: An SRS resource set ID can be used for UL panel-specific beam selection.
Next, assuming Alt.1 adopted, the usage of SRS resource set can be ‘beam management’, ‘codebook’, ‘non-codebook’ etc depending on the actual purpose of a UE transmitting SRS. Hence, RAN1 may need to further decide which usage of SRS resource set can be applied for panel-specific beam selection. More specifically, one may briefly recall the UL beam sweeping procedure. A UE reports its capability on maximum number of supported SRS resource sets for ‘beam management’ to gNB. This UE feature implicitly reflects the number of antenna panels equipped at UE side. Without any unnecessary enhancement, it is straightforward to reuse it for UL panel-specific beam selection. 
Proposal 2: The ID of SRS resource set with SRS-SetUse as ‘BeamManagement’ can be used for UL panel-specific beam selection.
In Rel.15, the number of SRS resource set for either ‘CB’ or ‘NCB’ X is limited to one for simplicity reason. During RAN1 AH#1901, RAN1 discussed the possibility of increasing the number X, but due to limited time there was no consensus then. However, if assuming the number of SRS resource set for ‘CB’ or ‘NCB’ X can be enhanced to accommodate UE’s reported antenna panels, then we believe it is also possible to allow the ID of SRS resource set with usage of ‘CB’ or ‘NCB’ to control UE’s panel. 
Proposal 3: The ID of SRS resource set with SRS-SetUse as ‘NCB’ or ‘CB’ can be used for UL panel-specific beam indication, if the maximal number of SRS resource sets can be increased to the number of UE antenna panels.
Panel-specific beam selection for other UL channels/signal
In RAN1#96bis, RAN1 agreed the MPUE-Assumption3 that multiple panels at UE can be simultaneously activated, but only one panel can be used for UL transmission. In addition, the discussion of panel-specific transmission has been extended to other UL channels/signal other than PUSCH, i.e. PUCCH, SRS and even PRACH.
	Agreement
In Rel-16, only introduce specification enhancement for MPUE-Assumption3
· MPUE-Assumption3: Multiple panels are implemented on a UE and multiple panels can be activated at a time but only one panel can be used for transmission.
· Note that this does not require a UE to always activate multi-panels simultaneously
· Note: UE can control the panel activation/deactivation 
· Possible use cases at least include
· (General) UL coverage enhancement for FR2 considering the UE power consumption 
· Discussion topics in Rel-16 include:
· Details on the identification for a panel and corresponding panel definition
· Any enhancement introduced in Rel-16 should take further enhancement of simultaneous transmission across multiple panels for future releases into account. 
This is a UE optional feature

Working Assumption
The agreed ID (not excluding to reuse existing ID) for a panel can be used for panel-selection-based transmission of PUSCH, PUCCH and SRS, among multiple activated panels.
· FFS details, including an explicit/implicit indication of the panel, also considering beam correspondence at UE.
· FFS on whether the ID can be used for panel-specific PRACH transmission, if supported.


From our understanding, it is nature to extend panel-specific beam selection from PUSCH to PUCCH/SRS/PRACH. Considering different beam indication mechanisms for PUSCH and PUCCH/SRS/etc, RAN1 needs to further look into the details of panel-specific beam selection for each channel/signal. For instance, in Rel.15, SRI in DCI (if present) indicates the Tx beam of PUSCH, but PUCCH/SRS relies on higher layer parameters PUCCH-SpatialRelationInfo or SRS-SpatialRelationInfo respectively. Moreover, in RRC idle state, a UE transmits PRACH depending on the measurement of SSB; in RRC connected state, the UE may transmit PRACH for different purpose, e.g. BFR. During initial access procedure, it seems like the chance for NW to control UE’s panel is rare. However, after RRC connection, the PRACH can be transmitted by UE in a panel-specific way. 

Proposal 4: Confirm the working assumption on explicit panel-specific indication on PUSCH/PUCCH/SRS and include PRACH with conditions FFS.
[bookmark: _Hlk7534407]Panel definition
During offline discussion of RAN1#96bis, it was pointed out that RAN1 still does not have clear definition of UE’s antenna panel(s). Because different UE vendors may implement UE antenna panels in different ways, the conventional panel definition, as a physical antenna array with either single or dual polarization, is not suitable for panel-specific beam selection. The following proposed definition was shared during the RAN1#96bis. It was decided to give companies more time to digest the consequences.
	For further discussion:
For RAN1 discussion purpose, the definition of “panel” is given as one or multiple as combination of below depending on different UE implementation.
· Unit of antenna group to control beam independently
· Within a panel, one beam can be selected and used for UL transmission.
· Across different panels, multiple beams (each selected per panel) may be used for UL transmission
· Unit of antenna group to control its transmission power
· Unit of antenna group to have a common UL timing


[bookmark: _GoBack]From our understanding the definition make sense, but needs further a clarification. A first observation is that there is no definition of what a beam is. To our understanding, a beam is defined by a spatial filtering and includes one or two polarizations. Therefore, we have made following the observation 
Observation 1: A beam can support up to two independent layers, separated by polarization.
It is FFS if additional signaling is needed to communicate if single or dual layers are supported by a panel. In RAN4#90bis main session chairman notes, it was agreed to use 8 beams for an UL beam sweep in beam-correspondence test. Further FFS, if there is an advantage to specify the polarization aspect in the UL beam sweep. This may have both system benefit from a MU perspective as well as from a link level capacity perspective. 
Proposal 5: RAN1 needs to study and specify (if necessary) whether a beam can support up to two independent layers, separated by polarization.
Proposal 6: For UL panel-specific transmission, RAN1 clarifies the antenna panel definition considering the capability of analog beamforming.
Interference aware beam measurement and reporting
Due to the simplicity of L1-RSRP measurement, L1-RSRP was specified for beam reporting in Rel.15 NR as a baseline. However, without any consideration of intra-cell and inter-cell interference, the reported beam with relatively high L1-RSRP may still suffer from strong spatially steered interference, particularly at FR2. Therefore, it makes sense for a UE to report L1-SINR to gNB to reflect the interference environment experienced by the UE.
NZP and/or ZP IMR
In RAN1#96bis, the following agreement was achieved 
	Agreement
RAN1 to determine one of the following for L1-SINR in RAN1#97:
· L1-SINR based on ZP+NZP IMR
· L1-SINR based on ZP IMR only
· L1-SINR based on NZP IMR only
· If there is no agreement on this issue in RAN1#97, L1-SINR will not be supported in Rel-16.


From our understanding, since the dedicated IMR will be down selected in upcoming RAN1 meeting(s), the non-dedicated resources for interference measurements, i.e. the REs carrying both signal part and interference part, are excluded from beam-level interference measurement. Consequently, there is no need to further study on how to reuse NZP CSI-RS resource(s) configured for channel measurement for interference measurement.  
For dedicated ZP IMR, it facilitates both intra-cell and inter-cell beam interference. Specifically, if a UE is configured with dedicated ZP IMR, the serving gNB of the UE could transmit other signal or channel on the ZP IMR in other spatial direction for the UE to measure intra-cell beam interference. From this sense, the intra-cell MU-MIMO scheduling can be accommodated with beam-level interference (not precoding-level) accuracy. However, there could be the issue of RE pattern mismatch. For instance, the 4-by-1 or 2-by-2 RE mapping patter of ZP IMR partially overlaps with NZP CMR of other UE(s) that makes it problematic for a UE to calculate the inter-beam interference. Another way of using ZP IMR is to measure interference from neighbor cell(s). Assuming dedicated ZP IMR is configured to a UE, the serving gNB may keep silent on the REs of configured resource(s), and neighbor cells may transmit signal/channel as it wishes for the UE to measure inter-cell inter-beam interference. 
For dedicated NZP IMR, it was supported in Rel.15 to measure intra-cell multi-user interference. Specifically, each port corresponds to an interference layer. It seems possible to reuse it for intra-cell inter-beam interference measurement. For example, for a UE configured with NZP IMR, each port of the resource may correspond to each interfering beam direction. In addition, from the perspective of overhead saving, the NZP IMR configured for target UE can be reused as NZP CMR for other UE(s).
In summary, both dedicated ZP IMR and NZP IMR can be used in different use cases and scenarios, so from what we analyzed above, we have following proposal 
Proposal 7: For interference measurement of L1-SINR, RAN1 supports both ZP IMR and NZP IMR.
Definition on L1-SINR
Assuming optimistic progress on L1-SINR measurement and reporting, dedicated NZP and/or ZP IMR will be specified to accommodate L1-SINR calculation and reporting from UE side. However, by checking the CSI-SINR or SS-SINR definition in TS 38.215 [2], we realize that RAN1 may need to re-consider the L1-SINR definition depending on L1-SINR measurement scheme(s) that RAN1 selects. Let’s below take CSI-SINR as an example. 
“CSI signal-to-noise and interference ratio (CSI-SINR), is defined as the linear average over the power contribution (in [W]) of the resource elements carrying CSI reference signals divided by the linear average of the noise and interference power contribution (in [W]) over the resource elements carrying CSI reference signals reference signals within the same frequency bandwidth.”
As for the CSI-SINR definition, both signal part and interference part are measured on the same CSI-RS REs. For the either ZP IMR or NZP IMR interference measuring schemes, the NZP CMR of target UE cannot be overlapped on ZP IMR (assuming no CMR signal subtraction operation at UE). Therefore, we have following observation as
Observation 2: Assuming dedicated ZP IMR and/or NZP IMR specified for L1-SINR measurement, RAN1 needs to consider the definition of L1-SINR, which could be different from the definition of CSI-SINR in TS 38.215.
L1-SINR reporting content
During RAN1#96bis meeting, the reporting content has been discussed with following agreement achieved
	Agreement
At least support gNB can configure UE to report up to N reported SSBRI/CRIs defined in Rel-15 and corresponding L1-SINR values for in a beam reporting instance
· N is configured by RRC signaling with candidate values of {1, 2, 3, 4}
· FFS: SSBRI/CRI implies a CMR/IMR combination configured by gNB based on CSI framework
· FFS: details on information on CMR/IMR association
· Make a decision in RAN1 #97 whether to support gNB to configure UE to report [IMR index] and RSRP additionally in a beam reporting instance
· Companies are encouraged to provide evaluation results


Similar as L1-RSRP reporting, a UE configured with higher layer parameters of inter-beam interference measurements reports the L1-SINR in addition to SSBRI/CRIs. There could be multiple of IMR configured as well. From NW’s perspective, the best DL Tx beam can be determined only with SSBRI/CRIs and L1-SINR. Though it may help NW to make scheduling decision on MU-MIMO based on reported IMR index(es), we still need to consider the trade-off between UL overhead and DL performance gain. Moreover, since L1-RSRP reporting has been already supported in Rel.15, there seems no need to associated it with L1-SINR reporting from overhead saving perspective. There we have following proposal as
Proposal 8: For L1-SINR reporting, a UE reports only L1-SINR(s) associated with SSBRI/CRI(s) as a starting point in Rel.16. FFS the benefits of reporting IMR index(es).
Beam failure recovery for SCell
In this section, we will continue the ongoing discussions of BFR for SCell and present our views and preference correspondingly. Following FL’s guidance, it includes BFD, NBI, BFRQ and BFRR. One may notice that some of above components of BFR may be carried out in parallel by a UE, thereby not necessary in sequence.
Beam failure detection (BFD)
In RAN1#96 and RAN1#96bis meetings, the following agreements were achieved respectively. To proceed, we would like to repeat our view and the reason behind it.
	Agreement
· SCell BFD is based on periodic 1-port CSI-RS, which can be configured explicitly by RRC or implicitly by TCI state. 
· Down-select one of the following alternatives in RAN1#96:
· Alt 1: SCell BFD RS is in current CC
· Alt 2: SCell BFD RS is in current CC for explicit configuration and can be in current CC or another CC for implicit configuration
· Alt 3: SCell BFD RS can be in current CC or another CC for both explicit and implicit configuration
· SCell BFD is measured based on hypothetical BLER

Agreement
At least for explicit configuration, downlink RS for BFD is in current CC 
· FFS: Downlink RS for BFD in another CC within the same band for implicit configuration


In Rel.15, the BFD RS(s) of PCell comes from either explicit or implicit configuration. For explicit configuration, only CSI-RS resource(s) applies, whereas for implicit configuration, both SSB and CSI-RS applies once the QCL-TypeD assumption between two RSs can be made by a UE. From this sense, the UE has more chance to calculate the hypothetical BLER when compared with only depending on CSI-RS. Therefore, it is also necessary for the implicitly configured SSB to be the BFD RS for SCell.
In Rel.15, there could be at most 31 SCells configured to a UE in order to boost its data rate. If each SCell should be configured with BFD RS on its own carrier, then the overhead and BLER calculation burden would be significantly high for the UE configured with multiple SCells. To address this issue, the straightforward way is to reuse the BFD RS on another SCell once the QCL-TypeD between the DMRS of PDCCH in current CC and BFD RS in another CC can be assumed by the UE. 
Proposal 9: For BFD in SCell(s), the BFD RS can be another CC within the same band for implicit configuration.
Beam failure recovery request (BFRQ) step(s)
In RAN1#96bis, the following BFRQ step(s) had been discussed with following agreement achieved. 
	Agreement
· For SCell with downlink only, UE reports failed CC index(es) and new beam information (if present) by PUSCH or PUCCH
· FFS: whether it is carried by MAC CE or UCI-like PUSCH or PUCCH
· Down-select at least one options for BFRQ procedure in RAN1 #97:
· Option 1: Failed CC index(es), new beam information (if present) and beam failure event to be reported by a single report by MAC CE 
· FFS: whether or not to have spec impact on resource for MAC CE
· Resource for MAC CE is not triggered by dedicated PUCCH/PRACH for BFR
· Option 2: step 1: UE conveys beam failure event, and step 2: UE reports new beam information (if present) and failed CC index(es)
· Step 1 is carried by dedicated PUCCH/PRACH resource
· Step 2 is carried by MAC CE or UCI
· Option 3: step 1: UE conveys beam failure event and failed CC index(es), and step 2: UE reports new beam information (if present)
· Step 2 is carried by MAC CE or UCI, e.g. AP-CSI
· PUCCH/PRACH is used for step 1 to carry failed CC index(es) implicitly
· FFS: whether it is single-bit PUCCH or multi-bit PUCCH
· The failed CC index(es) should be selected from up to N_max CCs for SCell BFR
· FFS: N_max 


For Option 2, a UE first conveys a beam failure event to NW side either via SR-alike in PUCCH or PRACH resource in step 1. With the as early as possible notification from UE, NW could assign an UL grant in the most recent available UL slot for the UE to convey new beam information and failed CC index(es) via MAC CE or UCI. Therefore, from latency perspective, we have following 
Proposal 10: RAN1 supports Option 2 for UE to convey BFR event in step 1 and new beam information plus failed CC index(es) in step 2 subsequently. 
In addition, considering the cases when there is no new beam above the pre-defined L1-RSRP threshold, it could be beneficial to let NW side know the status of no new beam available. Afterwards, NW may trigger an aperiodic DL beam sweeping procedure and expect the UE to find qualified new beam(s) for SCell BFR. Moreover, in RAN1#96bis, the candidate beams was agreed to be extended from 16 to 64 on a per BPW basis, which is up to the maximum number of SSBs for DL cell coverage. No matter whether the failed beam is in the candidate beam list or not, there is still one code point in new beam reporting can be reserved to represent the status of no new found. Hence, we have 
Proposal 11: One status in new beam reporting of SCell BFRQ shall be reserved for ‘no new beam’.
Beam failure recovery response (BFRR)
For BFRR, the last step in SCell BFR procedure, it was not touched in previous meeting. But thanks to FL, the following alternatives were listed as below. 
· For SCell with DL only, BFR response to the first message of BFRQ is carried by 
· Alt 1: CORESET-BFR in PCell
· Alt 2: CORESET-BFR in the failed SCell 
· Alt 3: A normal CORESET with a dedicated RNTI for BFR in PCell
· Alt 4: A normal CORESET with a dedicated RNTI for BFR in the failed SCell
· Alt 5: A normal CORESET with C-RNTI in PCell
· Alt 6: A normal CORESET with C-RNTI in the failed SCell
In our understanding, if beam failure happens in SCell, then finally it should be recovered in SCell as well. In this case, a UE is able to confirm that the SCell has already been back to a good condition. Let’s take a look at alternatives. Specifically, Alt.2 and Alt.4 have something in common that a UE needs to find the BFRR on SCell CORESET to verify the failed SCell. The difference between Alt.2 and Alt.4 is whether a dedicated CORESET is pre-configured or not. Given the current situation, we could leave it to FFS. Our preference can be as below
Proposal 12: A UE expects to receive BFR response for SCell BFR on a CORESET configured on failed SCell. 
· FFS: whether the CORESET is dedicated configured or not
Beam selection with polarization
In current standardization, only 1 or 2 CSI-RS resources are configured within a CSI-RS resource set for beam management purpose, therefore the polarization and directions of beams are transparent with the concept of antenna virtualization. Each beam is virtualized as an antenna port and the polarization of the beam used at the antenna port is transparent to the UE. In other words, two beams with the same antenna gain but different polarization are two different antenna ports. During beam sweeping process, e.g., initial access and channel monitoring, gNB sweeps with beams in different direction and polarizations. However, the polarization relationship (whether the two beams are of the same polarization or orthogonal polarization) is not regulated and unknown to the UE.
It is therefore of interest for a UE to know the polarization properties of the beam sweeps performed by the gNB. When the UE performs beam selection during initial access and when it populates the beam candidate list the UE in some situations may pick the wrong beam as shown in Figure 1. 
More specifically, in Figure 1 the solid line is for vertical polarization (v-pol) and the dotted line is for horizontal polarization (h-pol). For the first row, gNB sweeps the beams by alternating first the polarization direction and then beam direction whereas in the second row, beam direction is first alternated and then polarization. Assuming each beam is carried on one CSI-RS port, there are in total 8 CSI-RS ports in one row. But within these 8 CSI-RS ports, there are only 4 distinct beam directions. At UE side, dual polarization antennas are equipped. Then the UE can measure the L1-RSRP of all the beam pairs and then choose the beam pair with the highest L1-RSRP which determines both the beam direction and polarization.
[image: C:\Users\86006023\Documents\Research\TDocLib\RAN1\TSGR1_94b\Drawing1.jpg]
Figure 1 [bookmark: _Ref525896046] Two different beam polarization orders in beam sweeps 
Two scenarios can be thought of: 
· UEs with a single polarized antenna (one polarization inactive to save power, or capability limited) may be unfortunately oriented. 
· The channel may attenuate one of the polarizations more than the other.
For the UE to determine the potential performance of a beam pair, both polarizations need to be sounded. It is not a mandatory behavior for the gNB to sound both polarizations, but under some conditions it may be beneficial. Under those conditions, the UE needs to know which beams have the same directional properties but are orthogonally polarized. The UE can then compute the dominant Eigen mode (i.e. dominant polarization direction) of the beam to determine the potential of the beam rather than the performance of an arbitrary polarization. 
Considering the polarization related to issue of beam correspondence, one may refer to our paper [1] submitted to RAN4.
Simulations
Simulation setup
To validate the benefits of knowing the polarization relationships of beam sweeping, we conduct the simulation of performance gain in a 19 cells UMi model in [3]. The simulation parameters are given in the full simulation assumptions in Table 7.8-2 in [4] with beam correspondence assumption. Both gNB and UEs are equipped with dual-polarized antennas. UEs are randomly dropped into the central gNB (gNB 0) and each gNB has 3 sectors (TRP). The UE connects to the TRP of the sector in which it is located and receives interference from all other TRPs but no interference from the TRPs from the same gNB. gNB has 16 dual polarized antennas in 2 antenna panels. The polarization ports are assumed to be at 0/+90 degrees. The UE has 4 dual polarization antennas which align at 0/+90 degrees polarization. The antenna panels at the gNB are not used simultaneously. 
gNB signals the pre-configured number of beams which utilized either only vertical ports, horizontal ports or both. The UE measures the L1-RSRP of the beams using the pre-configured receive beams. Then the UE identifies the best transmit and receive beam pair from the measurements.
Simulation results
Figure 2 shows CDF of the improvement that can be expected for the case when UE is aware of the polarization relationships of the beam sweeps. Assuming the beam correspondence, one can estimate the uplink performance if the same best downlink beam is used in the uplink. Since the TRP is equipped with a dual-polarized antenna, the uplink performance can be computed from the corresponding best downlink beam and its polarization complement, assuming an architecture where it is possible for the UE to control the polarization in its UL. If the UE has the knowledge of the polarization relationship between beams, the UE can choose the best downlink beams based on the best hypotheses uplink performance. The performance improvement is attained when the best downlink L1-RSRP beam in one polarization is not the best uplink beam measured in both polarization. As shown in CDF of Figure 2, a SINR improvement is attainable at 30% of the time duration as illustrated. Particularly, at 10% of the time duration, the SINR improvement of 0.4dB is attainable.
[image: ]
Figure 2 [bookmark: _Ref525896099] Uplink performance gain if polarization relationships in beam sweeping is known to UE
Observation 3: In up to 30% of the cases a UE will make an erroneous beam selection in some condition if it is not aware of the polarization properties.
There are different ways a UE can get access to the polarization properties based on assumptions from the gNB e.g. association between polarization and beam ID; resource allocation; sweep pattern etc. the association can also be explicitly shared with dedicated signaling. 
Proposal 13: It is proposed that companies study most efficient method for a UE to gain access to the polarization properties of the gNB beams. 
Conclusions
Finally, allow us to repeat our proposals to draw attention.
Proposal 1: An SRS resource set ID can be used for UL panel-specific beam selection.
Proposal 2: The ID of SRS resource set with SRS-SetUse as ‘BeamManagement’ can be used for UL panel-specific beam selection.
Proposal 3: The ID of SRS resource set with SRS-SetUse as ‘NCB’ or ‘CB’ can be used for UL panel-specific beam indication, if the maximal number of SRS resource sets can be increased to the number of UE antenna panels.
Proposal 4: Confirm the working assumption on explicit panel-specific indication on PUSCH/PUCCH/SRS and include PRACH with conditions FFS.
Proposal 5: RAN1 needs to study and specify (if necessary) whether a beam can support up to two independent layers, separated by polarization.
Proposal 6: For UL panel-specific transmission, RAN1 clarifies the antenna panel definition considering the capability of analog beamforming.
Proposal 7: For interference measurement of L1-SINR, RAN1 supports both ZP IMR and NZP IMR.
Proposal 8: For L1-SINR reporting, a UE reports only L1-SINR(s) associated with SSBRI/CRI(s) as a starting point in Rel.16. FFS the benefits of reporting IMR index(es).
Proposal 9: For BFD in SCell(s), the BFD RS can be another CC within the same band for implicit configuration.
Proposal 10: RAN1 supports Option 2 for UE to convey BFR event in step 1 and new beam information plus failed CC index(es) in step 2 subsequently. 
Proposal 11: One status in new beam reporting of SCell BFRQ shall be reserved for ‘no new beam’.
Proposal 12: A UE expects to receive BFR response for SCell BFR on a CORESET configured on failed SCell. 
· FFS: whether the CORESET is dedicated configured or not
Proposal 13: It is proposed that companies study most efficient method for a UE to gain access to the polarization properties of the gNB beams. 
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