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1. Introduction
In RAN#82 meeting, the revised WID for enhancements on MIMO for NR was approved [1], where the focus of this contribution is about the following WI objectives on multi-beam based operations and enhancements:

· 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
We discuss potential enhancements on the UL and DL related topics in the following sections.

2. Discussions on UL transmit beam selection for multi-panel operation
	Agreement@RAN1#95
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@RAN1#AH1901
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

For purpose of further discussion on this topic for RAN1#96 and future meetings

Following multi-panel UE (MPUE) categories can be used for discussions on possible enhancements over Rel-15, if needed.

· MPUE-Assumption1: Multiple panels are implemented on a UE and only one panel can be activated at a time, with panel switching/activation delay of [X] ms
· MPUE-Assumption2: Multiple panels are implemented on a UE and multiple panels can be activated at a time and one or more panels can be used for transmission
· 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: Above does not imply the support of either one or both of the categories but is only for efficient discussions at least for this meeting, which may also be updated further. Whether to support either one or both categories will depend on subsequent discussions
Note: There is no consensus among the companies in RAN1 whether MPUE-Assumption2 is in the work scope of Rel-16 WI

Agreement@RAN1#96
If RAN1 cannot agree on the support of at least one of MPUE-Assumption1, MPUE-Assumption2, MPUE-Assumption3, enhancements on panel-specific beam selection for uplink will not be supported in Rel-16.

· Deadline for decision: RAN1#96bis
Agreement@RAN1#96bis
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@RAN1#96bis
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.

Agreement@RAN1#97
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.

 (For example) Alt.2 UL-TCI states

Valid UL-TCI state Configuration
Source (reference) RS

(target) UL RS 

[qcl-Type ]

1

SRS resource (for BM) + [panel ID]

DM-RS for PUCCH
or SRS or PRACH
Spatial-relation
2

DL RS(a CSI-RS resource or a SSB) + [panel ID]
DM-RS for PUCCH
or SRS or PRACH

Spatial-relation

3

DL RS(a CSI-RS resource or a SSB) + [panel ID]
DM-RS for PUSCH

Spatial-relation
+ [port(s)-indication]

4

DL RS(a CSI-RS resource or a SSB) 
and SRS resource + [panel ID]

DM-RS for PUSCH

Spatial-relation
+ [port(s)-indication]

5

SRS resource + [panel ID]

DM-RS for PUSCH

Spatial-relation
+ [port(s)-indication]

6

UL RS(a SRS for BM) 
and SRS resource + [panel ID]

DM-RS for PUSCH

Spatial-relation
+ [port(s)-indication]




2.1. Discussion on Alt.2 (UL-TCI) and Alt.3 (Panel-ID)

During the last RAN1 meeting, progress has been made on narrowing-down to Alt.2 (UL-TCI) and Alt.3 (Panel-ID) out of the previous 4 alternatives, and RAN1 has agreed to set up the deadline on this decision until RAN1#98. Alt.2 (UL-TCI) has benefits on streamlining configurable parameters w.r.t. beam/panel management not only for the network implementation but also for UE implementation such that the UE can set up a common pool of the whole necessary reference information and can use some of them on particular UL transmission occasions. Alt.3 (Panel-ID) is proposed to explicitly introduce a new ID for a UE panel so that gNB can utilize this signaling method to control UE-side panel usages, e.g., gNB can indicate for UE to use another panel (not used by the UE until now) to transmit a specific UL transmission such as PUSCH, PUCCH, SRS, and PRACH (if supported). The benefits of this feature include to avoid UE-side consistent use of a particular UE panel undesirably which may not be the best in terms of gNB-side UL interference condition or other possible implementation options which can be considered in the network implementation, or to test a different UL beam-pair link and its quality based on gNB’s command especially for SRS, etc.
Based on the above discussions on Alt.2 and Alt.3, UL-TCI (Alt.2) is a signaling framework that can reduce signaling overhead for UL beam/panel management by unifying beam/panel configuration across different UL channels/signals. Therefore, it is not directly related to the panel selection functionality for UL transmission, which is the main objective of this item. Thus, Alt.3 is the only remaining option to achieve WID objective. On the other hand, it also makes sense that the introduction of the UL-TCI framework can be beneficial in terms of overhead/latency reduction and it can give us better extendibility for future UL enhancements (e.g. STxMP) because it is easier to update UL TCI state(s) rather than modifying RRC parameters separately configured for each UL channel/signal. Most importantly, Alt2 and Alt3 are not contradicting, rather they can complement each other.
Observation 1: Alt.2 (UL-TCI) is not directly related to the panel selection functionality for UL transmission, but has benefits on overhead/latency reduction for UL beam/panel management as well as better extendibility for future UL enhancements (e.g. STxMP).

Observation 2: Alt.3 (Panel-ID) is the only remaining option to achieve the main objective of this item, and this should at least be supported for Rel-16 enhanced system operations.

Observation 3: Alt.2 (UL-TCI) and Alt.3 (Panel-ID) are not contradicting each other.
Since the two alternatives are not mutually exclusive, but each has its own benefits to the system, we suggest to take both options to move forward and discuss how to accommodate both in terms of specification. Specifically, based on Alt.3, a new panel-ID should at least be accommodated into the UL-TCI framework. And for PUSCH transmission, we should avoid the case when a DL RS is directly used for PUSCH scheduling which has been intensively studied and argued during NR Rel-15 and concluded as a precluded option for PUSCH due to an ambiguity on port-indication/determination. For PRACH, beam indication is already well defined from Rel-15 as SSBs are associated to PRACH occasions. However, panel selection based PRACH transmission should be supported for multi-panel UEs especially considering MPUE-Assumption3. Therefore, our compromise suggestion can be summarized as follows:
Proposal 1: Alt.2 (UL-TCI) and Alt.3 (Panel-ID) are both introduced in Rel-16. 
· A UL-TCI state is used for both beam and panel management, which is comprised of following information

· Spatial relation RS (a SSB resource, a CSI-RS resource, or a SRS resource)
· UE panel-ID (optional field for multi-panel UEs)
· A pool of UL-TCI states are configured by RRC, in which the UL-TCI states can be configured to PUCCH, SRS, PUSCH, and PRACH.
· For PUCCH, a UL-TCI state can be configured to each PUCCH resource instead of PUCCH-spatial-relation in Rel-15.

· For SRS, a UL-TCI state can be configured to each SRS resource instead of SRS-spatial-relation in Rel-15.

· For PUSCH, a new UL-TCI field can be optionally configured in DCI format 0_1 in addition to the existing SRI field.

· Code-points of the UL-TCI field in DCI can only refer to SRS as the spatial relation RS

· If both UL-TCI and SRI fields exist in DCI format 0_1, a default state of UL-TCI field is defined and used as a flag to let UE follow the SRI field as valid in the same way of Rel-15. 
· Other states of the UL-TCI field make the SRI field invalid, and UE should only follow the indicated UL-TCI state.
· For PRACH, a UL-TCI state only containing panel-ID can be configured at least for PDCCH-ordered PRACH transmission, with other cases FFS.

2.2. Definition of UE Tx panel
The agreement on MPUE-Assumption3 made in previous meeting includes a discussion topic on the identification for a panel and corresponding panel definition. In the current specification, there exists an antenna port definition to have consistency in mutual understanding between gNB and UE in terms of specification terminology, without any intention of possible restriction on practical UE implementation. Similarly, the definition of UE Tx panel in Rel-16 may be needed if there exists any potential ambiguity on mutual understanding between gNB and UE. At the same time, however, the practical implication of UE Tx panel may depend on particular UE implementation ways so that it may need to be avoided to attempt finding a single universal panel definition, but it seems rather to be sufficient to allow some degree of flexibility in utilizing the panel related features depending on some UE capability factors as well as network implementation ways for a particular usage. Therefore, we prefer to have the following definition of UE Tx panel in terms of a couple of UE implementation and capability dependent factors.
Proposal 2: At least 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 its Tx 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 independently
· Unit of antenna group to control its transmission timing independently
· Note: How to map the panel ID to Tx antennas are up to UE implementation.
· Note: Once a UE maps its Tx antennas to panel IDs, the UE should not change the mapping.  

3. Overhead and latency reduction for UL/DL BM
	Agreement@RAN1#95
Decide (agree on) either one of the followings in RAN1 NR-AH 1901:

· Alt.1: Support sub-time unit for beam management RS shorter than 1 OFDM symbol in a reference numerology.

· No new RS for beam management is introduced in Rel-16.
· FFS: details including IFDMA-based, DFT-based, larger subcarrier spacing based, etc, or limited to only for P-3.

· Alt.2: No support of sub-time unit for beam management RS shorter than 1 OFDM symbol.
Agreement@RAN1#AH1901
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@RAN1#AH1901
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@RAN1#96
For signaling overhead reduction on updating/configuring spatial relation for PUCCH, support simultaneous spatial relation update/configuration for multiple PUCCH resources 

· FFS signaling details to be decided in next meeting, including down-selection/merging among the following options

· Spatial relation update for all PUCCH resources in a CC by one MAC CE

· Spatial relation update per Rel-15 PUCCH resource set

· Spatial relation update per group of PUCCH (which might need to be introduced for Rel-16) 

· PUCCH spatial relation info configured in a BWP could be applied across different BWP or different cells

· Other options are not precluded.

Agreement@RAN1#96
In RAN1#96bis, determine whether to support the configuration of up to 64 candidate beams for BFR by RRC signaling.

· FFS signaling details including whether MAC-CE message can choose a subset of the candidate beams as active resources for new beam identification in Rel-16
Working Assumption@RAN1#96
For UL beam management latency and overhead reduction, support MAC CE based spatial relation update for aperiodic SRS per resource level

· FFS: Whether this is a UE optional feature

· Note: Qualcomm prefers to have this as a UE optional feature
Agreement@RAN1#96bis
The working assumption made in RAN1#96 is confirmed

For UL beam management latency and overhead reduction, support MAC CE based spatial relation update for aperiodic SRS per resource level

· FFS: Whether this is a UE optional feature

FFS: Whether above is applicable regardless of the aperiodic SRS target use

Agreement@RAN1#96bis
Simultaneous update/indication of a single spatial relation per group of PUCCH is supported by using one MAC CE 

· As a starting point, the group should correspond to all the PUCCHs in a BWP when a single active spatial relation is applied before and after activation

· If there is no consensus on the details of the grouping, only one group per BWP will be supported in Rel-16 which will correspond to all the PUCCHs in a BWP

Detailed design on the MAC CE is up to RAN2

Agreement@RAN1#96bis
Support the configuration of up to 64 candidate beams for BFR by RRC signalling, without introducing additional MAC CE signalling for down-selecting a subset of beams.

· The total number of RSs for new beam identification and layer 1 RSRP measurement are part of UE capability signaling

This applies per BWP.

Agreement@RAN1#97
The supported feature of MAC CE based spatial relation update for aperiodic SRS per resource level is applicable to at least 3 supported usages as codebook-based UL, non-codebook-based UL, beam management.
Working Assumption@RAN1#97
The supported feature of MAC CE based spatial relation update for aperiodic SRS is applicable to the usage of antenna switching per SRS resource level

Working Assumption@RAN1#97
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

For further discussion

Study the spatial relation for the PUCCH/SRS to follow a TCI-state/QCL of PDCCH/CSI-RS/SSB if spatial relation info of PUCCH/SRS is not configured in FR2
Agreement@RAN1#97
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.

If no consensus in RAN1#98, no further discussion in RAN1.

Agreement@RAN1#97
Decide in RAN1#98 whether to support updating path loss reference RSs for power control for PUSCH and SRS via MAC-CE.

· FFS: Condition that the RS for PL will follows the downlink RS in spatial relation.

· FFS: When the spatial relation of AP-SRS for CB/NCB UL is activated by MAC-CE, UL power control parameters for PUSCH can be activated via the MAC-CE.

For further discussion

Study beam indication/activation for a group of CCs




3.1. Simultaneous spatial relation update for multiple PUCCH resources
In RAN1#96bis, it was agreed to support simultaneous update/indication of a single spatial relation per group of PUCCH is supported by using one MAC CE, where the group should correspond to all the PUCCHs in a BWP when a single active spatial relation is applied before and after activation, as a starting point, unless a consensus on the details of the grouping is further reached. Based on this, in RAN1#97, the working assumption was made to introduce at least up to two groups per BWP, where details on configuring the groups including whether to use implicit method or explicit method are FFS to be decided in the upcoming meeting.
In our view, supporting up to two groups already achieve a significant overhead/latency reduction for PUCCH spatial relation update in Rel-16, i.e., significant overhead saving from max 128 MAC messages to 1 or 2 MAC messages for a given BWP, and a simple explicit signaling for this feature seems to be sufficient which can be handled by RAN2.

Proposal 3: Supporting up to two groups already achieve a significant overhead/latency reduction for PUCCH spatial relation update in Rel-16, and a simple explicit signaling for this feature seems to be sufficient which can be handled by RAN2.
3.2. MAC CE based spatial relation update for aperiodic SRS
In RAN1#97, it was agreed to support MAC CE based spatial relation update for aperiodic SRS per resource level, for at least 3 supported usages as codebook-based UL, non-codebook-based UL, beam management, and for the usage of antenna switching as working assumption. Regarding this working assumption as the remaining issue, we haven’t found a critical reason to restrict this feature to a part of SRS usages, i.e., this feature can be applicable to all 4 supported usages as codebook-based UL, non-codebook-based UL, beam management, and antenna switching.
Proposal 4: The supported feature of MAC CE based spatial relation update for aperiodic SRS per resource level should have no restriction on applicable SRS usages, and the working assumption should be confirmed.

3.3. Default spatial relation for PUCCH and SRS
In RAN1#97, it is suggested to study the spatial relation for the PUCCH/SRS to follow a TCI-state/QCL of PDCCH/CSI-RS/SSB if spatial relation info of PUCCH/SRS is not configured in FR2. Benefits of this proposed behavior are to reduce unnecessary overhead on required higher-layer signaling as long as the intended behaviors are the same. We are open to this enhanced feature, but it should be ensured that SRS for beam management (i.e., the corresponding SRS resource set with the usage parameter set to ‘BeamManagement’) is to be excluded for this default behavior, since SRS beam sweeping behaviors are already depending on the presence of the spatial relation info optionally configured or not.
Proposal 5: For default spatial relation for PUCCH and SRS, at least SRS for beam management should be excluded for this default behavior, since SRS beam sweeping behaviors are already depending on the presence of the spatial relation info.

3.4. UE Rx beam sweeping latency reduction
According to the discussion in Rel-15, it was agreed that PDSCH and PDCCH cannot be simultaneously transmitted on the OFDM symbols that are configured with the CSI-RS resources included in a CSI-RS resource set configured with the higher layer parameter repetition=“ON”. Also, in consideration of the configurable 1-port CSI-RS RE density which is D={0.5, 1, 3}, all 1-port CSI-RS resources are set to a comb-structure in the frequency-domain, and hence the time domain waveform of the Rel-15 CSI-RS can be repeated multiple times within a symbol if no other signals are multiplexed. In the current state, the main issue is whether the UE(s) could be possible to apply RX beam sweeping operation to the repeated signal pattern in the time-domain. According to the current specifications, it should be noted that UEs cannot decide and conduct the RX beam sweeping within a single symbol for themselves, since there may exist other CSI-RS resource(s) on the same symbol configured to other UE(s), which is illustrated in Figure 1.
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Figure 1. An example configurations of two CSI-RS resources dedicated for UE1 and UE2, respectively.

Considering a simple example shown in Figure 1, the UE1 is configured with {density=3, offset=0} and the UE2 is configured with {density=3, offset=2} in which each UE does not know another UE’s CSI-RS configuration. In such case, UE1 cannot be guaranteed to properly perform Rx beam sweeping with four different Rx beams within the OFDM symbol, because there are another FDMed CSI-RS REs configured for UE2 with {density=3, offset=2} which eventually breaks down the 4-times repetition pattern in time domain from the perspective of UE1. Therefore, it would be helpful to reduce latency and overhead for Rx beam sweeping if gNB/TRP can provide a simple information, i.e. whether the configured CSI-RS is multiplexed with other CSI-RS or not. 
Proposal 6: For overhead and latency reduction required for RX beam selection,
· Add an RRC parameter (e.g., up to 2 bits under NZP-CSI-RS-config IE) to indicate the existence of other NZP-CSI-RS resource(s) configured for other UE(s) on the symbols of the given NZP-CSI-RS.
Furthermore, with Proposal 6, CSI-RS with repetition=“OFF” could be useful also for the beam selection with lower latency, since P-1 procedure is then straightforwardly achieved (which unfortunately is not efficiently supported in Rel-15). More specifically, even in a single symbol, the UE can measure L1-RSRPs for multiple TX beams and multiple RX beams simultaneously. If multiple TX beams can be transmitted to a UE through the multiple CSI-RS resources within a CSI-RS resource set configured with repetition=“OFF” where these CSI-RS resources can be configured with comb structure in frequency-domain by gNB, then the UE is able to perform multiple RX beam sweepings within a symbol for the different TX beams, assuming proper ZP-CSI-RS for rate matching on those symbols is configured by gNB.

As a result, the support of this technical feature has a clear advantage of naturally enabling the P-1 beam management procedure with lower latency and overhead. Note that, according to Rel-15, the possible P-1 procedure may require a very long latency (e.g., may require M*N OFDM symbols for P-1, assuming M CSI-RS resource sets for BM with repetition=“ON” and N CSI-RS resources in each set are configured to the UE). 
4. Enhancements on beam measurement and reporting
In RAN1#97, it was agreed to support both ZP-IMR and NZP-IMR for L1-SINR measurement with some restrictions as captured below.

	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


Regarding the first FFS part, it seems that there is no clear use case for UE to measure interference from CMR when IMR is configured. It will only increase UE complexity, especially considering that the maximum number of IMRs that can be configured to a UE is expected to be increased much higher than that for CSI calculation. 
Proposal 7: When IMR is configured, UE shall measure interference from IMR only.
Regarding the second FFS part, our view is that ZP IMR should be the default IMR type for UEs supporting L1-SINR reporting, same as for CSI calculation. Therefore, we propose the following.

Proposal 8: The UEs capable of L1-SINR reporting should support ZP IMR as default. The UEs can further report whether they can support NZP IMR additionally.
For reporting parameters, it has been discussed whether IMR index and/or L1-RSRP can be reported in additional to SSBRI/CRI+L1-SINR. First of all, Rel-15 already supports SSBRI/CRI reporting indicating a CMR-IMR combination configured by gNB. Thus, UE can implicitly report to gNB the beam which is most interferes the beam having the largest L1-SINR via simply reporting SSBRI/CRI. Accordingly, it seems unnecessary to support report configuration including IMR index in addition to L1-SINR. On the other hand, it was shown in [2] that joint reporting of L1-RSRP and L1-SINR in a beam reporting instance provides throughput gain compared to single reporting of L1-RSRP or L1-SINR. Actually, the performance gain may also be achievable by setting two report configurations where one is for L1-RSRP and another is L1-SINR. However, this approach leads to higher UL resource overhead than reporting both L1-RSRP and L1-SINR in a beam reporting instance. This feedback configuration may be useful especially when gNB wants to have beam information for both cases: one is when the beam configured as IMR is actually transmitted on PDCCH/PDSCH and the other is when the beam configured as IMR is not transmitted on PDCCH/PDSCH.

Proposal 9: Support reporting either SSBRI/CRI+L1-SINR or SSBRI/CRI+L1-SINR+L1-RSRP. 

Under the CSI acquisition in Rel.15, QCL-D of ZP IMR follows that of the corresponding NZP CSI-RS resource for channel measurement. This means that UE Rx beam will be set with reference to the CMR without regard to the IMR. For P-2 operation, i.e. gNB Tx beam sweeping with a fixed UE Rx beam, the QCL-D of the NZP CSI-RS resources needs to be identical (e.g. a single SSB). For this basic operation, the interference power will be same for those NZP CSI-RSs. In this sense, sharing an IMR for multiple NZP CSI-RS resources will be useful with regard to resource overhead. This can be achieved via introducing many-to-one mapping between CMR and IMR or allowing duplicated mapping of an IMR to multiple CMRs by keeping current structure.

Proposal 10: For RS overhead reduction, support configuring a single IMR for multiple NZP CSI-RS resources having a common QCL-D RS.

Another important issue for L1-SINR reporting is to relax the timing requirement, i.e., Z and Z’. For L1-RSRP reporting in Rel-15, Z and Z’ are determined by UE capabilities beamSwitchTiming and beamSwitchTiming, when UE reports beamSwitchTiming other than {224, 336} for SCS 60 and SCS 120. Since L1-SINR requires more time for measurement and calculation compares to L1-RSRP, Z and Z’ need to be relaxed for L1-SINR, e.g., via adding a value to Z/Z’ or allowing UE to report separated capability values. Especially, CMRs and IMRs may be transmitted in different symbols/slots so that the delay from the earliest symbol/resource to the last symbol/resource among CMRs and IMRs should be taken into account for determining the value of Z.

Proposal 11: For aperiodic L1-SINR reporting, Z and Z’ should be relaxed compared to L1-RSRP.

5. Enhancements on beam failure recovery
In RAN1#97, Option2 among the three possible options captured in RAN1#96bis agreement was agreed to be supported, where Step 1 is carried by a dedicated SR-like PUCCH resource and Step 2 is carried by MAC CE (as a WA). Based on the agreements, following remaining issues should be resolved.

· Design of the dedicated PUCCH resource for BFRQ (BFRQ-PUCCH)

· Details on BFD for SCell(s)

· Details on BF report from UE

For designing BFRQ-PUCCH, BFRQ-PUCCH based BFRQ procedure should reuse SR-PUCCH based SR procedure as much as possible (as captured in the agreement as ‘SR-like’). From RAN1 perspective, only PUCCH format 0 or format 1 should be allowed to be configured for the BFRQ-PUCCH resource same as SR-PUCCH. For one UE, one BFRQ-PUCCH resource would be sufficient per cell group. If the BFRQ-PUCCH is overlapped with other PUCCH/PUSCH conveying HARQ-A/N or CSI, existing collision handling rules such as UCI multiplexing/dropping can be applied by treating BFRQ as SR. If BFRQ-PUCCH is overlapped with SR-PUCCH, SR-PUCCH needs to be dropped.

Proposal 12: For BFRQ-PUCCH resource,

· Only PUCCH format 0 or 1 are allowed.

· Maximum one BFRQ-PUCCH resource can be configured per cell group.

· When BFRQ-PUCCH is overlapped with other PUCCH/PUSCH, existing collision handling rules are applied by treating BFRQ as SR except when overlapped with SR-PUCCH.

· If BFRQ-PUCCH and a SR-PUCCH are overlapped in time, SR-PUCCH is dropped.

 From RAN2 perspective, existing SR procedure should be a baseline for BFRQ procedure. One difference between SR and BFRQ would be the possibility of gNB’s no assignment of a PUSCH in case when the gNB wants to deactivate the failed SCell(s). When BFRQ retransmission counter reaches the maximum value, which can be configured by RRC independently from that for SR, UE could understand that the intention of gNB is to deactivate the failed SCell(s). Detailed design for this procedure may be up to RAN2.

Proposal 13: Existing SR procedure should be a baseline for BFRQ procedure. For the BFRQ procedure, the possibility of no PUSCH assignment from gNB should be taken into account, where this is intended for deactivation of the failed SCell(s).

Regarding BFD for SCell(s), the possibility of simultaneous BFD of multiple SCells should be taken into account, which can happen frequently when the SCells are all in FR2 and gNB/UE antennas are implemented based on multi-band antenna. First of all, BFI count should be performed per serving cell to support various UE/gNB antenna implementation and to support various SCell combinations. In this assumption, UE may have to transmit BFRQ-PUCCH multiple times within a very short duration if difference SCells are beam-failed sequentially, e.g. from a beam blockage. For this case, it will be more efficient for UE to wait the transmission of BFRQ-PUCCH when BFI counter is non-zero for an SCell even if BFI counter reaches the maximum value for another SCell.

Proposal 14: For SCell BFD, BFI is counted per serving cell. When multiple BFI counters are running together, BFRQ is transmitted when the all counters reaches either the maximum value or zero. 
Based on RAN1 agreements so far, the failed SCell ID(s) and whether new beam is found for the failed SCell(s) should be reported in step 2. Thus, BF reporting in step 2 should include a bitmap of SCell failure indicators(SFI) and a bitmap of new beam found indicators(NBFI) in order to report the failed SCell ID(s) and whether or not new beam is found for each failed SCell, respectively. The last reporting parameter should be a sequence of the new beam RS IDs, where each RS ID sequentially maps to the SCell ID having non-zero values for both SFI and NBFI fields.
Proposal 15: The BF reporting in step 2 is comprised of the following information fields:

· A bitmap of SCell failure indicators (SFI)
· A bitmap of new beam found indicators (NBFI)
· A sequence of beam RS ID(s) (only for SCells with non-zero SFI and non-zero NBFI)
6. Conclusion
In this contribution, we discussed enhancements on the UL and DL BM related topics in Rel-16 MIMO. Based on the discussions above, following observations and proposals are given:
For UL transmit beam selection for multi-panel operation,
Observation 1: Alt.2 (UL TCI) is not directly related to the panel selection functionality for UL transmission, but has benefits on overhead/latency reduction for UL beam/panel management as well as better extendibility for future UL enhancements (e.g. STxMP).

Observation 2: Alt.3 (Panel-ID) is the only remaining option to achieve the main objective of this item, and this should at least be supported for Rel-16 enhanced system operations.

Observation 3: Alt.2 (UL TCI) and Alt.3 (Panel-ID) are not contradicting each other.
Proposal 1: Alt.2 (UL-TCI) and Alt.3 (Panel-ID) are both introduced in Rel-16. 

· A UL-TCI state is used for both beam and panel management, which is comprised of following information

· Spatial relation RS (a SSB resource, a CSI-RS resource, or a SRS resource)

· UE panel ID (optional field for multi-panel UEs)
· A pool of UL-TCI states are configured by RRC, in which the UL-TCI states can be configured to PUCCH, SRS, PUSCH, and PRACH.
· For PUCCH, a UL TCI state can be configured to each PUCCH resource instead of PUCCH-spatial-relation in Rel-15.

· For SRS, a UL TCI state can be configured to each SRS resource instead of SRS-spatial-relation in Rel-15.

· For PUSCH, a new UL-TCI field can be optionally configured in DCI format 0_1 in addition to the existing SRI field.

· Code-points of the UL-TCI field in DCI can only refer to SRS as the spatial relation RS

· If both UL-TCI and SRI fields exist in DCI format 0_1, a default state of UL-TCI field is defined and used as a flag to let UE follow the SRI field as valid in the same way of Rel-15. 

· Other states of the UL-TCI field make the SRI field invalid, and UE should only follow the indicated UL-TCI state.

· For PRACH, a UL TCI state only containing panel-ID can be configured at least for PDCCH-ordered PRACH transmission, with other cases FFS.

Proposal 2: At least 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 its Tx 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 independently
· Unit of antenna group to control its transmission timing independently
· Note: How to map the panel ID to Tx antennas are up to UE implementation.

· Note: Once a UE maps its Tx antennas to panel IDs, the UE should not change the mapping.  

For overhead and latency reduction for UL/DL BM,
Proposal 3: Supporting up to two groups already achieve a significant overhead/latency reduction for PUCCH spatial relation update in Rel-16, and a simple explicit signaling for this feature seems to be sufficient which can be handled by RAN2.
Proposal 4: The supported feature of MAC CE based spatial relation update for aperiodic SRS per resource level should have no restriction on applicable SRS usages, and the working assumption should be confirmed.

Proposal 5: For default spatial relation for PUCCH and SRS, at least SRS for beam management should be excluded for this default behavior, since SRS beam sweeping behaviors are already depending on the presence of the spatial relation info.

Proposal 6: For overhead and latency reduction required for RX beam selection,
· Add an RRC parameter (e.g., up to 2 bits under NZP-CSI-RS-config IE) to indicate the existence of other NZP-CSI-RS resource(s) configured for other UE(s) on the symbols of the given NZP-CSI-RS.

For enhancements on beam measurement and reporting,
Proposal 7: When IMR is configured, UE shall measure interference from IMR only.
Proposal 8: The UEs capable of L1-SINR reporting should support ZP IMR as default. The UEs can further report whether they can support NZP IMR additionally.
Proposal 9: Support reporting either SSBRI/CRI+L1-SINR or SSBRI/CRI+L1-SINR+L1-RSRP. 
Proposal 10: For RS overhead reduction, support configuring a single IMR for multiple NZP CSI-RS resources having a common QCL-D RS.
Proposal 11: For aperiodic L1-SINR reporting, Z and Z’ should be relaxed compared to L1-RSRP.

For enhancements on beam failure recovery,

Proposal 12: For BFRQ-PUCCH resource,

· Only PUCCH format 0 or 1 are allowed.

· Maximum one BFRQ-PUCCH resource can be configured per cell group.

· When BFRQ-PUCCH is overlapped with other PUCCH/PUSCH, existing collision handling rules are applied by treating BFRQ as SR except when overlapped with SR-PUCCH.

· If BFRQ-PUCCH and a SR-PUCCH are overlapped in time, SR-PUCCH is dropped.

Proposal 13: Existing SR procedure should be a baseline for BFRQ procedure. For the BFRQ procedure, the possibility of no PUSCH assignment from gNB should be taken into account, where this is intended for deactivation of the failed SCell(s).

Proposal 14: For SCell BFD, BFI is counted per serving cell. When multiple BFI counters are running together, BFRQ is transmitted when the all counters reaches either the maximum value or zero. 
Proposal 15: The BF reporting in step 2 is comprised of the following information fields:

· A bitmap of SCell failure indicators (SFI)
· A bitmap of new beam found indicators (NBFI)
· A sequence of beam RS ID(s) (only for SCells with non-zero SFI and non-zero NBFI)
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