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Introduction
Rel-16 MIMO is tasked to enhance various aspects of multi-beam operation in FR2, including [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 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 the last meeting, some progresses have been made [2].
Agreement 
For UL beam management latency reduction in controlling PUCCH spatial relation, the maximum RRC configurable number of spatial relations for PUCCH (i.e., maxNrofSpatialRelationInfos) is increased to be 64 per BWP.
· FFS: RRC and/or MAC CE signaling overhead reduction related to this.
Agreement
For latency and overhead reduction for DL beam management,
· No new CSI-RS design and no new term such as ‘sub-time unit’ or ‘sub-symbol’ are introduced in Rel-16, i.e., no support of sub-time unit for beam management RS shorter than 1 OFDM symbol
Companies can provide further evaluation results and proposals for faster DL beam operation other than those requiring sub-time unit
Agreement
For L1-SINR, interference can be measured based on dedicated resource(s) for interference measurement.
· FFS: UE assumes interference signal on the REs of the RS for signal part and REs for dedicated resource(s) for interference measurement similar to specified in 38.214
· FFS: whether resource(s) for interference measurement can be NZP based or ZP based or both
· FFS: whether/how to reuse NZP CSI-RS resource(s) configured for channel measurement as resource(s) for interference measurement 
Agreement
Specification support will be provided for gNB to derive at least the failed CC index during SCell BFR procedure
· FFS: Whether the information is implicitly derived or explicitly conveyed by the UE
· FFS: Whether new beam information should be included
· FFS: Details on triggering for transmitting BFRQ
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
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
Agreement
Down-select at least one of the following alternatives:
· Alt 1: For SCell BFR, BFRQ can be transmitted if UE declares beam failure and identifies a new candidate beam.
· UE reports new beam information by or after BFRQ
· Alt 2: For SCell BFR, BFRQ can be transmitted if UE declares beam failure.
· UE only indicates beam failure happens by BFRQ
· Note: new beam identification can be done by using DL BM procedure
· Alt 3: For SCell BFR, BFRQ can be transmitted if UE declares beam failure
· UE may report new beam information during BFR procedure 
· FFS: impact of new beam identification threshold
· Note: It is up to UE whether to do beam failure detection and new beam identification in parallel or not
· For Alt1 and Alt3, reference signals for new candidate DL beam(s) are configured, which are based on CSI-RS and/or SSB.
· FFS: whether the CSI-RS and/or SSB can be in another CC
· FFS: signaling details, e.g. RRC and/or MAC CE
Agreement
For SCell BFR
· Decide BFRQ solution for BFR on SCell with DL only first, PCell in FR1+FR2
· Above is to facilitate RAN1 discussion but not to prioritize certain scenarios
In this paper, we share our views on multi-beam enhancements and important directions to study/specify that we have identified.
Latency/overhead reduction
To accelerate the progress on latency/overhead reduction study, the key point is to identify what are the major causes in Rel-15 that severely degrade the latency performance and introduce tremendous system overhead. In this contribution, we sort the possible latency/overhead reduction solutions into several categories, each targeting to solve one identified issue. And more detailed solutions and performance evaluations can be found in [7].
Latency reduction for multi-beam operation
1. Signalling latency reduction: RRC signalling is heavily involved in Rel-15 beam management, including the configuration of resources used for beam measurement and reporting, the configuration of beam indication, i.e., TCI and spatial relation for downlink and uplink respectively, the configuration of beam failure recovery, e.g., the resources for beam failure detection, the resources for candidate beam selection, the RACH resources for beam failure recovery request, etc. Frequent RRC (re)configuration is the thing that both the network and UE want to avoid, since it occupies the resources for useful data transmission and it may create ambiguities and low efficiencies especially in the duration between each reconfiguration and the followed-up MAC-CE activation. However, frequent RRC (re)configuration is inevitable for Rel-15 BM due to two main reasons: signalling restriction and UE capability limitation. Signalling restriction defines the maximum number of configurable items and UE capability limitation reports the maximum number of items UE can support. In RAN1#AH1901 meeting [2], the agreement on increasing the maximum RRC configurable number of spatial relations for PUCCH to be 64 per BWP is one excellent example on reducing latency via addressing Rel-15 RRC signaling restriction. The same methodology can be useful in other scenarios, for example, Rel-15 RRC signalling restriction maxNrofCandidateBeams=16 puts a limit on the number of possible candidate beams UE can measure per BWP for beam failure recovery functionality. Such a design implies that a 64-Tx-beam gNB has to send RRC reconfiguration to a moving UE to configure a new set of candidate beams, which means roughly at least 4 (= 64/16) RRC configurations are needed even within one cell. Otherwise, fixing 16 candidate beams to a subset of 64 SSB beams (e.g., evenly sampled 16 candidate beams), the probability of interruption will increase, as shown in Table 1 that it results in a poor BFR performance. Another example, UE capability can suggest that a particular UE supports 16 configured spatial relations. If the spatial relations contain only downlink reference RS, such a design implies that a 64-Tx-beam gNB has to reconfigure spatial relations via RRC when UE moves to the coverage area of another subset of gNB downlink Tx beams, assuming one downlink reference RS corresponds to a Tx beam.
[bookmark: _Ref100655]Table 1 Performance comparison between fixed 16 candidate beams and all 64 beams for BFR
	Simulation cases
	*Probability of  interruption:
Prob(SNR<0dB)
	*Conditional probability of interruption:
Prob(SNR<0dB|blockage)

	Upper bound: if RRC can configure and UE can measure all 64 beams as candidate beams
	8.6%
	44.4%

	Rel-15 baseline: 
maxNrofCandidateBeams=16
	19.5%
	99.6%
It means when UE encounters a sudden blockage, it can hardly find a good-quality candidate beam (SNR > 0dB)


*More detailed discussions on the evaluations can be found in our companion paper [7][8]. The probability of interruption used here is the probability that SNR < 0dB, and conditional probability of interruption used here is the probability of SNR < 0dB conditioned on blockage event, where block event is defined as SNR dropped by 10dB and lasted over 50ms.
Some possible solutions in this category can be, for example, using MAC-CE/DCI to perform some of configuration functionalities of Rel-15 RRC signalling for BM.
2. Beam training latency reduction: It is affordable for the network and UE to carry out one round of beam training by even exhaustively searching all the beam pair combinations, however, what is unacceptable is that the beams selected after the exhaustive search are not satisfying the gNB’s need and another round of beam training is performed, and then another round…This undesired situation would likely happen by using Rel-15 L1-RSRP based beam measurement and reporting, which has no clear guidance from gNB. The beams selected by the UE, most probably via max-RSRP rule, are not useful if gNB would like to do two-beam multiplexing transmission for capacity enhancement, or to do two-beam diversity transmission for robustness enhancement, or simply to obtain a pair of backup beams that gNB could do fast beam switching to combat blockage. 
Some possible solutions in this category can be, for example, to specify and allow gNB to inform UE the clear rule for beam selection.
Proposal 1: For latency reduction, study mechanisms to reduce RRC reconfiguration via introducing new MAC-CE/DCI indications for BM and to reduce beam training latency via defining clear beam selection rules. 
Proposal 2: Support configuring up to 64 candidate beams by RRC signalling and then MAC-CE message to choose a subset as active resources for new beam identification in Rel-16. 

Overhead reduction for multi-beam operation
1. Reduce the usage of periodic beam-sweeping signals: Rel-15 BM introduces severe system overhead due to the transmissions of beam-sweeping signals, including SSB, CSI-RS, TRS, etc. In the worst case, on each narrow Tx beam direction, the network has to transmit SSB for initial access, TRS for time/frequency tracking and CSI-RS for BM and channel acquisition, in case there are UEs located in the coverage area of the beam. 
Some possible solutions in this category can be, for example, assisting DL beam training by UL signal like SRS, complementing beam management with existing RS like DMRS, supporting beam training on one CC and applying the results on other CC.
2. Multiplex data on the OFDM symbols carrying beam-sweeping RS: the restrictions on the scheduling due to FR2 simultaneous reception capability is very strict that those beam-sweeping RS may occupy the whole OFDM symbols and the beam-sweeping behaviour prevents the scheduling opportunity on those symbols. It is a huge overhead especially considering the large bandwidth in FR2. Assuming all 64 SSBs are configured to all UEs in the cell as BM resources, in Table 2, the overhead from scheduling restriction around SSBs, i.e., the ratio of the number of symbols occupied by 64 SSBs to the total number of OFDM symbols within one SSB period, are provided. As can be seen, the overhead is considerably large (> 10%) even with the typical configuration of 10 or 20ms SSB periodicity. It is true that the overhead can be reduced with a larger SSB periodicity, but the latency of initial access will be increased proportionally and hence is not a preferred solution. 
[bookmark: _Ref100721]Table 2 Overhead from scheduling restriction around SSB (120kHz SCS for PDSCH and SSB)
	SSB periodicity (ms)
	# of available DL symbols (DL:UL = 4:1)
	# of symbols for 64 SSBs
	Overhead

	10
	1120 * 0.8
	256
	28.57%

	20
	2240 * 0.8
	256
	14.29%


Some possible solutions in this category can be relaxing the scheduling constraints in reasonable scenarios, for example, in certain SSB transmission duration when UE does not perform any RX beam switching, as shown in the figure below.

Figure 1 Two different UE receiving behavior for SSB reception (with/without UE Rx beam sweeping)
Based on those discussions, we have the following proposals to make discussions on latency/overhead reduction more concrete.
Proposal 3: For overhead reduction, study mechanisms to reduce the transmission of periodic beam-sweeping signals and to relax the scheduling constraints over the OFDM symbols carrying BM RS like SSB when UE does not perform Rx beam switching. 

Panel-based UL beam selection
In Rel-16, an identifier (ID) that can be used at least for indicating panel-specific UL transmission is supported. According to [2], 4 alternatives are provided as follows. 
	· 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


In this section, we discuss our preference on introducing a new ID as well as some usage of this new panel ID. More detailed discussions can be found in [4].
Alt.1: an SRS resource set ID, where FFS on further association to other RS (if needed)
As discussed in [9], it seems in Rel-15, a configured SRS resource set can be loosely interpreted as a UE Tx panel. Though it sounds simpler to reuse, after a second thought, we found it to be not so simple. To start, we got the following questions: 
1. When multiple periodic/semi-persistent/aperiodic SRS resources are configured, it is unclear how a UE maps the configured SRS resource sets to its panels, the knowledge of which is preferable for efficient panel-specific UL beam selection and also better interoperability. In addition, it is also unclear whether there should be and how to achieve some correspondence or limitation on SRS resource sets transmitted on the same panel, but with different time domain behaviours. Intuitively, such correspondence seems needed as these SRS resource sets are to be transmitted on same UE Tx panel and having it known to gNB can facilitate gNB scheduling and also reduce UE implementation complexity.
2. Note that a UE may autonomously turn off some of its panels for power saving purposes. To achieve interoperability in FR2, it is highly desirable to maintain a mutual understanding on UE panel status between gNB and UE. An aperiodic SRS resource can be configured and triggered, while a semi-persistence SRS resource set can be activated or deactivated. For an aperiodic SRS resource set, it is unclear whether UE will keep the corresponding Tx panel in active status all the time until this SRS resource set is released by RRC reconfiguration. For a semi-persistent SRS resource set, it is unclear whether UE will turn off the corresponding Tx panel and forget the beams used for previous transmissions once it is deactivated. With these in mind, it appears to reuse/modify the connection (if any) between SRS resource set and UE panel is obscure and burdensome when striving to achieve aligned understanding between gNB and UE on UE panel status. 
3. When comes to panel-specific DL beam selection, it is unclear how SRS resource set can be used to represent a DL Rx panel. In this sense, reusing the concept of SRS resource set (if there is really anything to be reused) seems not compatible to panel-specific DL beam selection, which is important for DL-only deployment of FR2 SCell (with PCell with UL operating in FR1, agreed as an important scenario in beam failure recovery session), where SRS resource set may not be configured at all.
So if we want to reuse the SRS resource set ID to represent the panel ID, the above issues should be fixed. 
Alt.2 – Alt.4: Introduce new panel identifier
Compared with Alt.1, Alt.2 – Alt.4 may be less problematic as summarized below:
1. If the design in Rel-15 is considered to be applicable to single-UE-panel case only, having a new identifier to represent a UE Tx panel is simply a new dimension on top of the existing design and can be incorporated smoothly.
2. It will be easier to regulate the configured SRS resource sets corresponding to one UE Tx panel, e.g., to assign the same panel identifier to multiple SRS resource sets with different time-domain behaviours. 
3. With a new panel identifier, it is also more convenient to design mechanisms to align understanding on UE panel status between gNB and UE, without strong necessity to connect to configuration, reconfiguration, activation or deactivation of SRS resource sets. 
4. With the new panel identifier, the UE Rx panel and Tx panel can be defined/abstracted separately, and defining UE Tx panel identifier in Rel-16 will be sufficient for the current objective.
Preliminary analysis on pros and cons of Alt.2 – Alt.4 are provided as follows. 
· Alt.2: an ID, which is directly associated to a reference RS resource and/or resource set 
Our interpretation of this approach is to assign this ID referring a reference RS to perform panel indication for a targeted RS. The panel used for receiving/transmitting the reference RS should be used for receiving/transmitting the target RS. 
With this approach, as the UE will be in charge of selecting panel for reference RS from the beginning, panel management is still largely left to UE implementation. If a UE chooses to receive/transmit on one panel only, NW will not be able to instruct UE to perform panel selection at all, which does not meet the WID requirement.  
· Alt.3: an ID, which can be assigned for a target RS resource or resource set
At least for SRS resource/set(s) without beam indication, the configured panel ID can be used for indicating panel-specific UL beam training. Assuming the two UE panels are facing two opposite directions (the front and back side), such mechanism will allow gNB to instruct UE to measure UL beams on one specific panel, either pointing to the front side or the back side, as illustrated in Figure 2. Going on this line, if the UL beam indication framework in Rel-15 is not to be further enhanced, subsequent UL beam indication can reuse existing spatial relation indication framework, and the SRS resource contained in spatial relation implicitly refers to a UE panel without a need to explicitly include a panel ID. 
Still, it is worthwhile to study further whether there is need to have both panel indication and spatial relation indication, and the relation between them, in different use cases and scenarios. 
[image: ]
Figure 2 Use case for Alt-3
· Alt.4: an ID which is additionally configured in spatial relation info 
The spatial relation indication is used for beam indication for SRS resource in Rel-15. As such beam indication may also implicitly indicate the panel to be used, i.e., the panel used to receive/transmit the RS contained in spatial relation info should be used to transmit the SRS, it seems less meaningful to additionally configure an ID in spatial relation info and further study/discussion is needed.
With the discussions above, we slightly prefer Alt.3 to support assigning an ID representing a UE panel at least for a target SRS resource or a target SRS resource set.
Proposal 4: RAN1 introduces a new ID to represent a virtual UE panel, with the common understanding that it does not imply any specific UE antenna implementation. 
For whether supporting simultaneous UL multiple-panel transmission, in our view, it is out of scope in the WID of Rel-16 NR-MIMO enhancement, which is mainly for the panel selection transmission. From technique, the benefits for supporting multi-panel simultaneously transmission is not clear till now. On the other hand, there are many issues for multi-panel transmission at this stage, such as implementation complexity and inter-panel calibration problems, where the detailed discussion can be found in our companion contribution [4]. Therefore, we do not think it is necessary to support simultaneous UL multi-panel transmission in Rel-16.
Proposal 5: No support simultaneous UL multi-panel transmission in Rel-16. 

Beam failure recovery for SCell
RAN1 will down-select for BFRQ triggering condition and new beam information reporting [2].
	· Alt 1: For SCell BFR, BFRQ can be transmitted if UE declares beam failure and identifies a new candidate beam.
· UE reports new beam information by or after BFRQ
· Alt 2: For SCell BFR, BFRQ can be transmitted if UE declares beam failure.
· UE only indicates beam failure happens by BFRQ
· Note: new beam identification can be done by using DL BM procedure
· Alt 3: For SCell BFR, BFRQ can be transmitted if UE declares beam failure
· UE may report new beam information during BFR procedure 
· FFS: impact of new beam identification threshold


For both Alt 1 and Alt 3, new beam information will be reported. The only difference is that BFRQ trigger condition may be not based on new beam identification for Alt 3. Since beam failure detection and new beam identification can be done in parallel, if no significant benefits observed, the BFRQ triggering condition specified in Rel-15 should be reused. 
For Alt 2, UE only indicates beam failure event, and the new beam identification can be done by regular beam reporting. Beam failure detection and new beam identification are then operating separately in time and UE can only recover the link after TCI reconfiguration and activation. By adopting Alt 2, SCell BFR will consume much more time. Before TCI reconfiguration and activation, UE cannot receive any data on SCell, which will impact the system performance. Besides, the failed CC index indication mechanism is more complicated for Alt 2. If some implicit methods were adopted, such as that UE indicates the CC index within beam failure event, it means that multiple resources should be configured for CC index indication and each resource should be associated with a CC index. If some explicit methods were adopted, such as that UE reports failure CC index, there is no need to carry CC index and new beam information in two separate resources, since adopting alt1 and alt 3 (to report them together) would be able to have a faster recovery.
Observation 1: Alt 2 for BFRQ transmission (BFRQ can be transmitted if UE declares beam failure and BFRQ only indicates beam failure happens) will incur large recovery latency and introduce complications to the design of failed CC index reporting.
Another issue is on the UL resources carrying BFRQ. Multiple different solutions have been raised in previous RAN1 meetings such as RACH based solution, PUCCH based solution, MAC-CE based solution and their combinations. A brief analysis on the latency and overhead of these three different solutions is provided as follows.
In the RACH-based scheme, contention free PCell PRACH resources can be associated with candidate beams of each SCell, as the most straightforward BFRQ transmission method. However, the PCell UL overhead may be unbearable, especially for the case that a UE is configured with multiple SCells. One enhanced PRACH based BFR scheme is that UE indicates beam failure via a dedicated PRACH resource, and transmits the new beam information via the subsequent PUSCH resource on PCell. 
In the PUCCH based BFR scheme, dedicated PUCCH BFR resource is allocated for carrying new beam information. As the resources are dedicatedly reserved for each UE no matter it transmits the beam failure recovery request or not, it will lead to a high overhead. One enhanced PUCCH based BFR scheme can be puncturing content on PUCCH used for other functionality to carry beam failure recovery request information when beam failure happens, which will consume less resources.
In the MAC-CE based BFR scheme, MAC-CE on PCell is used to indicate beam failure event and the new beam. As beam failure is a burst event, using aperiodic resource to carry beam failure recovery request can save overhead. However, UE should ask gNB for the grant of the uplink resource before MAC-CE transmission. Currently specified SR procedure is a natural method used for requesting uplink resource. If it is the case, MAC-CE based BFR for SCell will introduce a much larger latency due to the possible 5 steps (SR -> UL grant -> Buffer State Report (BSR) -> UL grant -> BFRQ information) for beam failure recovery request transmission.
More analysis on the pros and cons of different solutions can be found in [3]. Considering that different companies may have a different design on the PRACH/PUCCH/MAC-CE based SCell BFR, it is encouraged that companies to report their detailed solutions and then the performance comparisons and down selection can be followed. But based on the analysis above, we have the following proposal.
[bookmark: OLE_LINK12]Proposal 6: Support UE to indicate SCell beam failure event via dedicated PRACH, and to report {failed SCell ID and new beam information} via aperiodic L1-report.
DL BM with L1-SINR
Dedicated interference measurement resources are agreed for L1-SINR computation [2] and RAN1 needs to further study how to configure dedicated interference measurement resource. In this section, we share our views on IM resources configuration and also reporting content with L1-SINR to embrace the gain of interference-awareness. More details can be found in [6].
As to the IM resources configuration, there could be two alternatives and we find that they could be more efficient than each other in different situations.
· Alt 1: Channel measurement resources (CMRs) and interference measurement resources (IMRs) are configured in the same resource setting.  
· Alt 2: CMRs and IMRs are configured in two independent resource settings similar to the CSI measurement framework specified in 38.214.
In one case, if gNB intended to measure the interference from other UE beam pairs to refine MU scheduling scheme, Alt-1 could lead to tremendous complexities. For ease of read, let us make the following assumptions: serving beam and the beams around (i.e., the beam with colour Orange in Figure 3) should be used for channel measurement purpose, and that concurrent other UE’s serving beams (i.e., the beam with colour Green in Figure 3) are used for interference measurement purpose and they are usually independent, i.e., not the same beams. In this case, if the gNB instructed UE to measure the inter-beam interference, it is more reasonable to configure the CMRs and IMRs in separated resource settings. If they are configured in a same resource setting, the UE will not know which resource is for channel and which resource is for interference. As shown in Table 3, the computation complexity would be much higher without bringing any benefits.
Proposal 7: For L1-SINR, support configuring CMRs and IMRs in different two resource settings.

[bookmark: _Ref100378]Figure 3 Beams for channel measurement and beams for interference measurement
[bookmark: _Ref100814]Table 3 Computational complexity of Alt-1 and Alt-2
	
	Resource configuration
	SINR computation complexity

	CMR and IMR in one setting
	Setting 1 {17, 32, 33, 34, 49, 22, 25, 43, 53, 56}
	10 * 9 = 90 (25 valid L1-SINR, 65 useless L1-SINR)

	CMR and IMR in different settings
	Setting 1 {17, 32, 33, 34, 49}
Setting 2 {22, 25, 43, 53, 56}
	5 * 5 = 25 (25 valid L1-SINR)


In the other case, if gNB intended to find suitable beams to a same UE to better transmit data simultaneously via multi-beam, Alt-1 can be more efficient to measure the mutual interference of different beams of the same UE. By using Figure 3 for illustration purpose, in this case, only serving beam and the beams around (i.e., the beam with colour Orange in Figure 3) should be used for both channel measurement purpose and interference purpose and UE should try to compute L1-SINR by evaluating mutual interference between the potential serving beams. Considering the simultaneous reception requirement is implied via group based reporting in Rel-15, we have the following proposal.
Proposal 8: When group-based beam reporting is enabled for L1-SINR reporting, support reusing NZP CSI-RS resource(s) configured for channel measurement as resource(s) for interference measurement. 
To fully embrace the gain of interference-awareness, reporting L1-SINR only is not enough. In FR2, considering that a large portion of interference is the inter-beam interference from transmission to other UEs served by the gNB, one possible enhancement scheme is allow UE to report interfering beam information to gNB so that advanced scheduling algorithms can be applied to avoid the inter-user intra-beam interference. More specifically, 3 different case studies have been carried out, as follows.
· Case#1: Rel-15 baseline. One beam (CRI) is reported. The reported beam is with a maximum L1-RSRP and is used as the serving beam.
· Case#2: L1-SINR based beam selection and one beam (CRI) is reported. The reported/serving beam is with a maximum L1-SINR. 
· Case#3: L1-SINR based beam selection and four beams (CRIs) and corresponding IMR(s) are reported. The serving beam is the one with the maximum L1-SINR reported. The gNB treats other beams reported along with the serving beam as the restricted beams which cannot be scheduled simultaneously with the serving beam, from the scheduler perspective. 
Figure 4 reports the performance and more details on discussions and evaluations can be found in our companion papers [6][7][8]. In Case#2, the gain is about 5% by choosing a beam that experience best SINR to serve UE. In Case#3, with beam reporting, not only the L1-SINR, but also the interfering beams, gNB can avoid the simultaneous transmission of mutually interfering beams. And this would results in ~22 % performance gain.
[image: ]
[bookmark: _Ref102176]Figure 4 Performance with different report contents
Observation 2: Larger performance gain can be obtained when interference avoidance is applied by not scheduling the mutually interfering beams.
[bookmark: _GoBack]Proposal 9: Reporting the IMR information used to measure L1-SINR along with the L1-SINR can be considered.
Summary of proposals
The observation and proposals of this paper are summarized as follows. 
Observation 1: Alt 2 for BFRQ transmission (BFRQ can be transmitted if UE declares beam failure and BFRQ only indicates beam failure happens) will incur large recovery latency and introduce complications to the design of failed CC index reporting.
Observation 2: Larger performance gain can be obtained when interference avoidance is applied by not scheduling the mutually interfering beams.

Proposal 1: For latency reduction, study mechanisms to reduce RRC reconfiguration via introducing new MAC-CE/DCI indications for BM and to reduce beam training latency via defining clear beam selection rules. 
Proposal 2: Support configuring up to 64 candidate beams by RRC signalling and then MAC-CE message to choose a subset as active resources for new beam identification in Rel-16. 
Proposal 3: For overhead reduction, study mechanisms to reduce the transmission of periodic beam-sweeping signals and to relax the scheduling constraints over the OFDM symbols carrying BM RS like SSB when UE does not perform Rx beam switching. 
Proposal 4: RAN1 introduces a new ID to represent a virtual UE panel, with the common understanding that it does not imply any specific UE antenna implementation. 
Proposal 5: No support simultaneous UL multi-panel transmission in Rel-16. 
Proposal 6: Support UE to indicate SCell beam failure event via dedicated PRACH, and to report {failed SCell ID and new beam information} via aperiodic L1-report.
Proposal 7: For L1-SINR, support configuring CMRs and IMRs in different two resource settings.
Proposal 8: When group-based beam reporting is enabled for L1-SINR reporting, support reusing NZP CSI-RS resource(s) configured for channel measurement as resource(s) for interference measurement. 
Proposal 9: Reporting the IMR information used to measure L1-SINR along with the L1-SINR can be considered.
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