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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.




Since only MPUE-Assumption3 is agreed to be supported in Rel-16 and the working assumption on the agreed ID for a panel for panel-selection-based transmission of PUSCH, PUCCH and SRS has been made in the last meeting, the following subsections discuss details on panel-selective transmission for each UL channel/RS also including PRACH as an FFS point captured in the working assumption.

2.1. Panel-selective PUCCH transmission
Based on the working assumption, panel-selective PUCCH transmission should be supported, but the details on how to support this seem to be categorized into two different ways as follows, also mentioned in [2].
· Option 1: Panel is identified from PUCCH-SpatialRelationInfo. 

· Option 2: Panel is identified from PUCCH resource configuration, e.g., per PUCCH-Resource (or per group of PUCCH resources).

These two options are also correlated to the previous agreements made in RAN1#AH1901, where following four alternatives had been identified on the identification for a panel: 
· 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

Option 1 is directly correlated to Alt.4, and can also be understood as a part of Alt.2 since PUCCH-SpatialRelationInfo is an RRC parameter that includes a reference RS resource. 

Option 2 is aligned with Alt.3 in that the intention of Option 2 is to identify UE panel per target “PUCCH resource(s)” for transmission.
Note Alt.1 can be applied for Option 1&2 if the existing ID in Rel-15 is to be reused.

In terms of technical differences between Option 1 and Option 2, it seems Option 1 has a limitation that the maximum number of configurable reference RSs (up to 64, agreed at RAN1#AH1901) may be reduced by the number of activated UE Tx panels. For example, the same reference RS (e.g., RS7) as illustrated in Figure 1 cannot be associated to multiple UE panels by Option 1, unless duplicated allocation to other PUCCH-SpatialRelationInfo value, e.g., RS8 (=RS7), is used. If UE has 2 Tx panels as being activated, for instance, a part of PUCCH-SpatialRelationInfo values are associated to UE panel 1 and the other PUCCH-SpatialRelationInfo values can be associated to UE panel 2, which inevitably degrades the maximum number of configurable reference RSs in the list of PUCCH-SpatialRelationInfo values.
Option 2 as illustrated in Figure 1, however, the same reference RS (e.g., RS7) can be associated to multiple UE panels via different PUCCH resources, without impacts on the maximum number of configurable reference RSs in the list of PUCCH-SpatialRelationInfo values. More specifically, if RS7 is a DL RS and is associated to both PUCCH resource #9 and #125, each with different UE panel as illustrated in the figure, the UE can transmit PUCCH on PUCCH resource#125 with the corresponding beam and panel#1 used for receiving RS7, and transmit PUCCH on PUCCH resource#9 with the corresponding beam and panel#2 used for receiving the same RS7.
Based on the discussions, we slightly prefer to adopt Option 2.
Proposal 1: To support dynamic panel selection for PUCCH transmission, down-select among the following alternatives:
· Option 1: Panel is identified from PUCCH-SpatialRelationInfo. 

· Option 2: Panel is identified from PUCCH resource configuration, e.g., per PUCCH-Resource (or per group of PUCCH resources).
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Figure 1. Illustration on possible options for panel identification on PUCCH transmission.

2.2. Panel-selective SRS transmission
Regarding panel-selective SRS transmission in terms of enhancement for Rel-16, it is beneficial to clearly understand what can be supported based on Rel-15 and what cannot be supported in the current specifications.
· Firstly, in Rel-15 specification on SRS-based UL BM, it would be natural that each UE panel corresponds to each configured “SRS resource set”, since multiple SRS resources (corresponding to different beams) are TDMed within a SRS resource set (corresponding to a panel), and different SRS resources in different sets (panels) can be transmitted simultaneously, as described in TS38.214.
· Secondly, in Rel-15 specification on SRS power control, it would also be natural that each UE panel corresponds to each configured “SRS resource set”, since power control parameters such as PO, alpha, DL RS for PL are all configurable for each SRS resource set qs in TS38.213.
· Thirdly, in RAN1#95 meeting, a clarification table on FG 2-30 was agreed, which implies Rel-15 UE can report its capability as up to 4 SRS resource sets (which can correspond up to 4 panels) per supported time domain behavior, which can be transmitted simultaneously.

For codebook-based UL in Rel-15, for UEs having common PA across panels, a single beam selection for PUSCH from up to two UE panels (via 1-bit SRI in DCI) is supported. It should be noted that a single beam selection for PUSCH from two UE panels (i.e., two SRS resource sets) is not properly supported for UEs having independent PA per panel in term of PUSCH link adaptation based on SRS, due to the above mentioned Rel-15 SRS power control mechanism applicable only with PC parameters configurable per SRS resource set (not per SRS resource level).
Similar discussions and enhancements can also be considered for non-codebook-based UL. For Rel-15 NCB-UL, some degree of ‘multi-beam’ based UL transmissions can be already applicable when each configured SRS resource (limited to 1 port) within the SRS resource set is configured with a different value of spatialRelationInfo depending on gNB implementation. However, the major enabler of NCB-UL with configuring associatedCSI-RS for determining SRS precoders can only be supported by configuring associatedCSI-RS in a SRS resource set level, so that in this case, it can be interpreted as only ‘single-beam’ based NCB-UL transmission is applicable, in combination with indicating digital precoders via SRI(s) in DCI format 0_1.

Based on the discussions above, the panel identification for SRS transmission should be based on such proper link adaptation aspects as well as sufficient flexibility in controlling panel-selective transmission of SRS with different usages.
Proposal 2: In term of PUSCH link adaptation based on SRS, agree either one of the following:

· Alt.1: Support configuration of up to X SRS resource sets (X>1) for the same time domain behaviour (periodic, semi-persistent, or aperiodic) for both codebook based UL and non-codebook based UL. Panel identification is based on a SRS resource set level.
· Alt.2: Support independent PC parameter setting for different SRS resource(s) within a single SRS resource set for both codebook based UL and non-codebook based UL. Panel identification is based on a SRS resource level.
Also should be discussed further is whether and how to enhance panel-selective SRS transmission for antenna switching, such as panel-level SRS resource switching taken into account on top of existing SRS configuration for the antenna switching usage.
2.3. Panel-selective PUSCH transmission
Rel-15 specifications have been designed for properly supporting a single beam based PUSCH, e.g., by indicating a SRS resource in UL grant, and spatial relation indication of a single reference beam for SRS and PUCCH, which can also be linked to PUSCH beam determination as a reference spatial relation.

Specifically, when a UE is configured with a SRS resource set for codebook-based UL, for which 2 SRS resources are configured within the set, 1-bit SRI field exists in DCI format 0_1 which dynamically selects one SRS resource (out of the two) to be used as the PUSCH beam selection and antenna port virtualization for the scheduled PUSCH transmission. Here, for multi-panel UE in Rel-15, it is up to UE implementation on how to map and transmit each SRS resource onto which Tx panel, e.g., it is also allowed by UE implementation that both of SRS resources can be mapped to the same Tx panel and transmitted with different beams, although there exists a problem in terms of power control when UE has independent PA per panel.

Considering the agreements on supporting MPUE-Assumption3 in Rel-16 where one out of multiple activated UE Tx panels can be dynamically selected in PUSCH scheduling grant, the current SRI field bit width as up to 1 bit seems too restrictive in terms of dynamic PUSCH beam controlling flexibility, also compared to that for non-codebook based UL as up to 4 bits. Therefore, we propose to increase the bit width of the SRI field for codebook-based UL as 2 or 4 bits in Rel-16.
Proposal 3: Increase the bit width of the SRI field for codebook-based UL configurable up to 2 or 4 bits for dynamic PUSCH beam/panel controlling flexibility, to at least align with that for non-codebook-based UL.

Also should be discussed further is whether a default/implicit panel identification via corresponding scheduling DL channel/RS needs to be supported, especially for UE satisfying beam correspondence without UL BM. If supported, there needs to be such default behavior for overriding a pre-configured or indicated panel by the default/implicit rule in a particular condition. Issues on which condition and for which UL channel such as PUSCH and PUCCH should be carefully discussed separately.
2.4. Panel-selective PRACH transmission
Regarding the FFS point on whether the ID for a panel can be used for panel-specific PRACH transmission, captured in the working assumption made in the last meeting, supporting panel identification for PRACH transmission seems necessary. The target usage of the panel selection functionality to be specified in Rel-16 is to improve UL coverage and reduce UE power consumption compared to Rel-15, in which the panel selection was done by UE itself. The benefit of gNB’s control of UL panel comes from the fact that gNB can compare different UL interference per panel and different UL received power per panel so that gNB can do a better selection for UL Tx panel than UE. If PRACH cannot exploit this benefit, the impact on power consumption and latency seems not marginal because the UE has to change/sweep different Tx panels for PRACH (re)transmission and do the power ramping if the UE made a bad choice on the panel for PRACH. Of course, there are cases that it is better for UE to have a freedom for choosing Tx panel for PRACH (e.g. PRACH for BFRQ). Even in these cases, it seems beneficial if a UE reports the panel ID used for PRACH transmission to gNB because gNB can figure out which UE tx panel is a good one for subsequent UL transmission and gNB can gather more panel-specific measurement from the PRACH reception. Panel-specific PRACH transmission would be useful for a certain UE implementation to manage TA per Tx panel as well (e.g. one panel at front bumper and the other panel at rear bumper for a vehicle UE). 

Proposal 4: Confirm the WA with the following modification:
The agreed ID (not excluding to reuse existing ID) for a panel can be used for panel-selection-based transmission of PUSCH, PUCCH, PRACH and SRS, among multiple activated panels.

· FFS details, including an explicit/implicit indication of the panel, also considering beam correspondence at UE.

· 
2.5. Definition of UE Tx panel
The agreement on MPUE-Assumption3 made in the last 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 5: 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 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 control its transmission timing

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.




3.1. Simultaneous spatial relation update for multiple PUCCH resources
In the last RAN1 meeting, 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. In our view, this agreement already achieves a significant overhead/latency reduction for PUCCH spatial relation update in Rel-16, and this BWP-level simultaneous update seems to minimize RAN2 impacts and be sufficient, i.e., significant overhead saving from max 128 MAC messages to 1 MAC message for a given BWP. Further optimization on general/flexible grouping based solutions should be proven with clear use cases and benefits.

Observation 1: BWP-level simultaneous spatial update for PUCCH seems to minimize RAN2 impacts and be sufficient, i.e., significant overhead saving from max 128 MAC messages to 1 MAC message for a given BWP.
3.2. MAC CE based spatial relation update for aperiodic SRS
In the last RAN1 meeting, the previous working assumption has been confirmed to support MAC CE based spatial relation update for aperiodic SRS per resource level, for UL beam management latency and overhead reduction. Regarding the captured FFS point whether this is applicable regardless of the aperiodic SRS target use, 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 6: The supported feature of MAC CE based spatial relation update for aperiodic SRS per resource level should have no restriction on applicable SRS usages.

3.3. 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 2.
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Figure 2. An example configurations of two CSI-RS resources dedicated for UE1 and UE2, respectively.

Considering a simple example shown in Figure 2, 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 7: 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 the previous meeting, for interference measurement of L1-SINR, it was agreed to choose one of ZP RS based IMR, NZP RS based IMR, or both in RAN1#97.
	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.
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.


Comparing NZP RS based and ZP RS based approaches, NZP RS based IMR may be useful when a gNB wants to find the best beam combination of serving beam and interfering beam via using the NZP RS resource pool configured for BM. However, this method is useful only when both serving beam and interfering beam are centrally controlled, in other words, it is not useful for those interfering beams transmitted from neighbouring TRPs that are not tightly coordinated. With ZP RS based IMR, the limitation of NZP RS based IMR can be resolved since it can measure interferences from uncoordinated sources as well as coordinated sources. Since ZP RS based IMR can be used to measure interference from any sources, there is no strong motivation of introducing both types of IMR. One possible gain from NZP RS based IMR is when two CSI-RS ports are CDMed in a NZP CSI-RS resource so that up to 3dB gain may be achieved with regard to measurement accuracy. In our companion contribution [3], we evaluated the two approaches to see the performance difference using different IMR types and especially when a NZP CSI-RS resource has two CDMed ports, where we believe the gain from NZP RS based IMR is maximized compared to ZP RS based IMR. As shown in [3], however, almost no throughput difference between NZP and ZP were observed. It is because there is no significant impact from the improved measurement accuracy on the selected beam pair of serving beam and interfering beam and resulting throughput.
Observation 2: With respect to throughput, there is no performance difference between ZP based IMR and NZP based IMR even when the improved measurement accuracy from using CDMed ports is taken into account.
Meanwhile, there may be one issue for using ZP RS based IMR to measure interference from NZP CSI-RS resource because ZP RS based IMR(i.e. CSI-IM) was designed mainly for measuring interference power on PDSCH REs in Rel-15 although there were discussion on supporting it to measure interference on NZP CSI-RS REs. This issue can be simply solved by extending the ZP RS based IMR RE patterns to include (1,1), (2,1), and (1,2) patterns. These patterns were already discussed in Rel-15 so that the required effort for the new patterns would be much smaller than the effort for discussing NZP CSI-RS patterns that can or cannot be used for L1-SINR measurement including the number of antenna ports, CDM patterns, and density. 
Observation 3: ZP RS based IMR can be used for measuring interference from NZP CSI-RS REs with additional ZP RS based IMR patterns.
Furthermore, NZP RS based IMR does not support semi-persistent or periodic reporting under the CSI acquisition in Rel.15, which significantly diminishes its usefulness compared to ZP RS based IMR, i.e., CSI-IM in other words. Considering its extended usage such as inter-cell interference as well as intra-cell interference and its performance, ZP RS based IMR seems sufficient for L1-SINR calculation.
Proposal 8: For L1-SINR measurement, support ZP RS based IMR only and reuse IMR configuration defined for the CSI acquisition in Rel-15. 
CSI framework in Rel-15 defines SSBRI/CRI indicating a CMR/IMR combination configured by gNB. By applying the above definition to L1-SINR report configuration, UE can implicitly report to gNB the beam which is most interferes the beam having the largest L1-SINR. Accordingly, it seems unnecessary to support report configuration including IMR index in addition to L1-SINR. On the other hand, it was shown in [4] 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 report configuration including 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 REs and the other is when the beam configured as IMR is not transmitted on PDCCH/PDSCH REs.
Proposal 9: Do not support reporting of IMR index. 
Proposal 10: Support reporting of L1-RSRP in addition to L1-SINR.
Under the CSI acquisition in Rel.15, QCL-D of ZP RS based 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 NZP CSI-RSs needs to be identical (e.g. a single SSB or TRS). 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 11: Support sharing a ZP RS based IMR for multiple NZP CSI-RS resources for minimizing resource overhead.
5. Enhancements on beam failure recovery
In RAN1#96 and RAN1#96bis, there were agreements as followings:
	Agreement

· For SCell BFR, BFRQ shall be conveyed if UE declares beam failure

· UE shall convey new beam information during BFR procedure if new candidate beam RS and corresponding threshold is configured and at least if channel quality of new beam is above or equal to threshold
· FFS: whether no new beam identified could be included as a state of new beam information

· FFS: details if no new beam is above or equal to threshold

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 1, UE is required to transmit normal SR for UL grant before MAC-CE transmission so that UE delivers beam failure event, failed SCell index and preferred beam information of the corresponding SCell through the MAC-CE. Until successful reception of the MAC-CE, gNB does not know whether a set of SCell(s) suffers from beam failure. Therefore, it is possible for gNB not to allocate enough UL resource for delivering the information or postpone the PUSCH allocation in case of high traffic. In these cases, UE needs to wait for another UL resource allocation or wait for UL resource allocation for a long time, which could result in excessive latency for beam recovery especially in high traffic. Moreover, Option.1 has quite an impact to RAN2 from specification perspective especially for detailed MAC-CE signalling design, but the assigned TUs for RAN2 for MIMO WI is not sufficient for it. For Option 2, UE conveys beam failure event through PUCCH resource dedicated for BFRQ if any SCell beam failure occurs. After the reception of the UL signal, gNB knows whether a set of SCell(s) suffers from beam failure. Therefore, gNB can trigger a beam reporting as soon as possible. For this beam reporting, Rel-15 beam reporting may be reused as much as possible. Note that for Option 2, only one PUCCH resource is reserved to UE for BFRQ transmission. For Option 3, beam failure event and failed SCell index are conveyed on PRACH preambles/PUCCH resources. To this end, the number of required PRACH preambles/PUCCH resources should be at least the number of monitored SCells if each SCell corresponds to a PRACH preamble/PUCCH resource. If we consider the cases of simultaneous beam failure of multiple SCells, the required number of PRACH preambles/PUCCH resources could increase further. Considering the performance-overhead trade-off and the impact on RAN2, Option2 should be supported, where Step1 is carried by PUCCH and Step2 is carried by UCI. 
Proposal 12: Support Option 2 for BFRQ procedure. 
· Step1 is carried by PUCCH and Step2 is carried by UCI.
When multiple SCells are on neighbouring bands, the serving beams for the SCells may be failed simultaneously especially considering multi-band antenna based UE/gNB implementation. Given that a UE can be configured up to 31 SCells, reporting of multiple SCell IDs should also be considered for SCell BFR.

Proposal 13: Support reporting of beam failure of multiple SCells.
In RAN1#96, the condition on declaring beam failure of SCell was agreed. Based on the agreed condition, gNB may switch the serving beam of the failed SCell based on a UE report, or may deactivate the failed SCell. The latter option can be a reasonable choice if the UE found no new beam, i.e., all configured candidate RSs are below threshold so that maintaining the SCell as active would not be helpful from the perspective of achievable throughput gain using CA. Thus, it is beneficial if UE reports whether or not found a new beam to gNB. If multiple SCells are failed simultaneously, which would be a common situation in intra-band CA cases, this information can be delivered per failed SCell. When to deliver this information to gNB (i.e., together with BFRQ or after BFRQ) would be highly dependent on the UL channel for BFRQ.
Proposal 14: At least when new candidate beam RSs and corresponding threshold are configured, UE needs to report whether or not found any new beam per failed SCell.
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,
Proposal 1: To support dynamic panel selection for PUCCH transmission, down-select among the following alternatives:
· Option 1: Panel is identified from PUCCH-SpatialRelationInfo. 

· Option 2: Panel is identified from PUCCH resource configuration, e.g., per PUCCH-Resource (or per group of PUCCH resources).

Proposal 2: In term of PUSCH link adaptation based on SRS, agree either one of the following:

· Alt.1: Support configuration of up to X SRS resource sets (X>1) for the same time domain behaviour (periodic, semi-persistent, or aperiodic) for both codebook based UL and non-codebook based UL. Panel identification is based on a SRS resource set level.

· Alt.2: Support independent PC parameter setting for different SRS resource(s) within a single SRS resource set for both codebook based UL and non-codebook based UL. Panel identification is based on a SRS resource level.

Proposal 3: Increase the bit width of the SRI field for codebook-based UL configurable up to 2 or 4 bits for dynamic PUSCH beam/panel controlling flexibility, to at least align with that for non-codebook-based UL.

Proposal 4: Confirm the WA with the following modification:

The agreed ID (not excluding to reuse existing ID) for a panel can be used for panel-selection-based transmission of PUSCH, PUCCH, PRACH and SRS, among multiple activated panels.

· FFS details, including an explicit/implicit indication of the panel, also considering beam correspondence at UE.

· 
Proposal 5: 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 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 control its transmission timing

For overhead and latency reduction for UL/DL BM,
Observation 1: BWP-level simultaneous spatial update for PUCCH seems to minimize RAN2 impacts and be sufficient, i.e., significant overhead saving from max 128 MAC messages to 1 MAC message for a given BWP.
Proposal 6: The supported feature of MAC CE based spatial relation update for aperiodic SRS per resource level should have no restriction on applicable SRS usages.

Proposal 7: 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,
Observation 2: With respect to throughput, there is no performance difference between ZP based IMR and NZP based IMR even when the improved measurement accuracy from using CDMed ports is taken into account.

Observation 3: ZP RS based IMR can be used for measuring interference from NZP CSI-RS REs with additional ZP RS based IMR patterns.
Proposal 8: For L1-SINR measurement, support ZP RS based IMR only and reuse IMR configuration defined for the CSI acquisition in Rel-15. 
Proposal 9: Do not support reporting of IMR index. 
Proposal 10: Support reporting of L1-RSRP in addition to L1-SINR.
Proposal 11: Support sharing a ZP RS based IMR for multiple NZP CSI-RS resources for minimizing resource overhead.
For enhancements on beam failure recovery,

Proposal 12: Support Option 2 for BFRQ procedure. 
· Step1 is carried by PUCCH and Step2 is carried by UCI.
Proposal 13: Support reporting of beam failure of multiple SCells.
Proposal 14: At least when new candidate beam RSs and corresponding threshold are configured, UE needs to report whether or not found any new beam per failed SCell.
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