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1. Introduction
The work item on Rel-16 MIMO enhancements has been specified [1]. 
MIMO WI from RP-182067
	The work item aims to specify the enhancements identified for NR MIMO. The detailed objectives are as follows. 

· Extend specification support in the following areas [RAN1]
· (A) Enhancements on multi-beam operation, primarily targeting FR2 operation: 
· (B) 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 
· (C) Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· (D) Specify a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15
· Specify measurement and reporting of either L1-RSRQ or L1-SINR


[bookmark: _Hlk525732985]
	[bookmark: _Hlk796276]Agreement
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


Agreement
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
· 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 
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 has identified the following scenarios to be important for SCell BFR
· Scenario 1: SCell with both uplink and downlink
· Scenario 2: SCell with downlink only
· PCell can be in FR1 or FR2 for scenarios above

Agreement
· Support L1-SINR measured from
· For signal part, SSB and/or NZP CSI-RS
· FFS: For interference part
· Companies are encouraged to provide simulation results on how to measure/define L1-SINR, e.g. whether interference is measured from dedicated IMR
· For example, take Rel-15 L1-RSRP and/or SINR specified in 38.215 as a comparative reference for evaluation purposes

Agreement
For interference part, down-select at least one from the following alternative:
· Alt 1: 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
· Alt 2: The same reference signal as signal part as specified in 38.215
· Alt 3: Alt1 when SSB is used for signal part, Alt2 when CSI-RS is used for signal part
· Companies are encouraged to provide simulation results for down-selection


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
For interference measurement of L1-SINR, down select one of the following in RAN1#96bis
· Alt 1: dedicated ZP IMR 
· Alt 2: dedicated NZP IMR 
· Alt 3: dedicated ZP IMR and dedicated NZP IMR
Companies are encouraged to provide use cases and benefit, e.g. throughput and gNB/UE complexity benefit for different alternatives
· L1-RSRP/CSI based beam selection could be baseline


#RAN1 94:
Companies are encouraged to evaluate and study further mechanism(s) to support multiple UL Tx panel/beam indication for PUSCH
· FFS on how to support the indication, e.g., by multiple SRI fields, an extension of the existing SRI field, an indication of selected panel(s), single SRS resource transmitted associated with multiple panels etc.
· FFS on relation to TPMI/TRI fields, PC/TA mechanisms
· Companies to consider specification implications of multiple UL Tx panel/beam support

Agreement
· L1-SINR is supported. L1-RSRQ is not supported.
· Companies to study and provide definition of L1-SINR
· Study the reporting content, e.g.
· Whether CRI/SSBRI is reported
· Whether differential group/non-group reporting is applied
· Whether L1-RSRP is reported
· Study the interference measurement mechanism


The WI for Rel-16 covers several key features aimed at enhancing multibeam operation which we have categorized into features (A), (B), (C) and (D) as shown above. In this contribution we discuss some potential enhancements for beam management for Rel-16. Section 2 discusses feature (D) on beam failure recovery for SCell. Section 3 discusses feature (C) covering UL Tx panel indication. Sections 5, 7, 8 and 9 focus on feature (B), and Section 6 discusses feature (A) focussing on robustness improvement for multi-beam operation.
2. SCell Recovery
The following agreements have been made in previous meetings.
	[bookmark: _Hlk4400636]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 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



2.1 General BFRQ Mechanism for BFR on SCell
In this section we discuss feature (D) of the approved work item, for specifying SCell BFR procedure. For intra-band CA operation where PCell and SCell may share the same QCL, beam failure recovery for SCell can be derived from the PCell BFR in Rel-15. For FR1+FR2 operation where for example PCell is FR1 and SCell is FR2, it may not be possible to determine the quality of SCell link from the PCell beams. This serves as a good use case for supporting and specifying SCell beam failure recovery. In RAN1 Ad-Hoc 1901, two scenarios have been identified as important scenarios for SCell BFR, Scenario 1 (SCell with both UL and DL) and Scenario 2 (SCell with DL only).
SCell beam failure detection and recovery could be derived from existing Rel-15 and performed in implementation specific manners for inter-band CA operations. SCell beam failure detection (BFD) could be based either on the absence of ACK/NACK feedback for the scheduled DL transmission in SCell or depending on CQI report in SCell. These, however, incur latency and overhead. Once beam failure is detected, BFR could be attempted directly on SCell recovery resources as in Rel-15. 
As a baseline option, a standalone SCell-based beam failure recovery may be defined in Rel-16, like the BFR procedure in Rel-15 for SpCell: when CFRA recourses are configured for candidate beams in SCell for the SCell BFR, UE can use CFRA to send BFR request for SCell, which does not require additional assistant from PCell. In the baseline option, recovery resources need to be explicitly configured for the SCell, e.g. dedicated RACH resources for SCell BFR.
Of course, when the SCell is for DL only, UE need to send BFRQ in Pcell, as discussed in subsequent Section 2.3. Even if the SCell has both DL and UL, it may also be beneficial to allow sending BFRQ in PCell, e.g. to save the aforementioned BFR overhead in SCell, or in the case when the CFRA resources or candidate RSs are not configured in SCell. Furthermore, the option of sending BFRQ in PCell takes the advantage of having an active connection to the gNB and control channel via the PCell, and reduces latency compared with R15 BFR. For example, reporting BFRQ in PCell also provides a way to avoid CBRA, when no good beam is found in SCell.
Proposal 1: Assume RSRP threshold and new candidate beam RSs as well as corresponding CFRA resource are configured for Scell BFR:
· If at least one beam in the candidate RS list is above or equal to the threshold, UE uses CFRA in Scell for BFRQ; 
Else, UE can use Pcell to convey BFRQ if configured, otherwise use CBRA in Scell.

Additionally, it should be studied the case when both SCell and PCell fail. For instance, it needs to clarify the UE behaviour in the standards, when a UE is required to perform 2 CFRAs, as BFRQs for both PCell and SCell, at the same time.
Proposal 2: Study BFR procedure in the case when both PCell and SCell fail.
For SCell BFRQ sent via PCell, natural choices of UL resources are SR (PUCCH)/PUSCH/RACH. PUSCH or MAC-CE requires an UL grant, which may not be available all the time. RACH is probably expensive resource given that PCell is operational. Hence our preference is to use SR (PUCCH) which has very low resource utilization. 
The proposal includes first detecting SCell failure by monitoring the BFD RS in the SCell. Once the beam failure is detected, the UE sends uplink signal such a usual SR or a dedicated SR to the gNB in the PCell. In response, the gNB may request for beam report in the PCell. Once the UE sends the corresponding L1 report regarding the SCell beams in the PCell, gNB activates/pairs the (new) CORESETs. The high-level call flow is summarized in Figure 1.
Detection of SCell Failure
R16 SCell failure report via PCell
SCell beam activation/pairing by gNB

[bookmark: _Ref525641157]Figure 1: Rel-16 SCell Beam Failure Recovery
For SCell failure report via PCell, two key proposals for Rel-16 are
· Dedicated SR in PCell for SCell failure indication, in response to which gNB may request L1 report and UE reports the preferred candidate beam of SCell
· Reusing existing SR in PCell for SCell failure indication. This requires defining additional triggering conditions for transmitting SR and new MAC-CE definition along with PUSCH that contains SCell recovery information.
[bookmark: BFR1]
Proposal 3: UE signalling of SCell beam failure can be based on dedicated SR in PCell or reusing an existing PCell SR mechanism to additionally report SCell beam failure.

In case that SCell has DL only, further procedure for SCell beam activation has to be performed via the PCell. 
In case that SCell has both DL and UL, further procedure for SCell beam activation/pairing depends on whether beam correspondence is assumed or not. 
When beam correspondence is available 
· Based on the L1 report/MAC-CE information from the UE about the SCell, the gNB performs SCell CORESET TCI state activation via the PCell. 

Figure 2 shows the proposed solution for Rel-16 that leverages PCell connection for performing SCell recovery under beam correspondence.
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[bookmark: _Ref525746519]Figure 2: PCell-aided SCell Recovery for Rel-16 under beam correspondence
In the absence of beam correspondence, we need RACH procedure to enable UL beam pairing. Leveraging the active PCell connection, the proposal is as follows:
· PCell triggers dynamic RACH resources associated with SSB index derived from UE SCell recovery report. 
A high-level solution/proposal is shown in Figure 3.

SCell 
Beam Failure Detection
PCell Triggers dynamic RACH for SCell Recovery
Beam Pairing
DL/UL
Recovered
SCell
RS 
gNB
UE
Sending Recovery to PCell via Dedicated SR
PCell Requests
Beam Index report
UE Sends
L1 Report
DL/UL
Recovered

[bookmark: _Ref525820586]Figure 3: SCell Recovery with dynamic RACH for Rel-16 in the absence of beam correspondence

2.2 NBI State for No New Beam Identified
In the last meeting, the following agreement has been made regarding the NBI report.
	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
· 



To begin with, when the BFRQ is sent via RACH in Scell, there is no need to explicitly indicate the NBI information to gNB, as the candidate beam is used to receive the RACH signal. Therefore, we only need to convey NBI explicitly in a report when BFRQ is sent in Pcell, whenever the NBI report is required.
Observation1: If the BFRQ is conveyed by sending RACH in Scell or a QCLed CC to the Scell, the beam index used in RACH already indicate the NBI.

[bookmark: _Hlk4497354]Proposal 4: UE explicitly conveys NBI in Scell BFR procedure only when BFRQ is sent in Pcell.

Further, we believe it is also necessary for UE to report the state of no good beam found in the candidate beam RS list, when BFRQ is sent in Pcell. The state of no good beam can be conveyed either inexplicitly or explicitly, as depicted below:
· An inexplicit method may use two formats of BFRQ in Pcell, where NBI field is only included in one format. The no good beam state is indicated to gNB, when the NBI reporting is required but a BFRQ format without NBI field is used.
· An explicit method uses a reserved index/ bit in the NBI field of the Pcell BFRQ.
Without including the no good beam state in BFRQ, the NBI report may become misleading. For instance, without the state of no good new beam, UE then has to report a beam index all the time, and the gNB will be unable to tell if the reported beam satisfies the RSRP threshold.
Proposal 5: Include a state in NBI for the case when no new beam in the candidate list satisfies the RSRP threshold, when BFRQ is sent in Pcell.
2.3 BFRQ Mechanism for BFR on SCell with DL only
In this section, we explain our view regarding the BFR mechanism for DL-only SCell. Our proposal for DL only SCell is in line with earlier proposal to leverage PCell connection for SCell recovery. On detecting SCell beam failure, the UE sends BFRQ to gNB via PCell, along with/or subsequently the candidate beam information. The activation of the new TCI state in the SCell can also come via PCell. Illustration is shown in Figure 4.
One potential issue while doing this is regarding how the UE confirms that BFRQ has been received by the gNB and whether the beam index report request is in response to the BFRQ or due to existing BM mechanism. This may be addressed by having some distinguishing mechanism in the PDCCH, thereby also enabling faster confirmation.
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[bookmark: _Ref947894]Figure 4: BFR mechanism for DL-only SCell with PCell assistance

[bookmark: _Hlk1125170]Proposal 6: Support BFRQ transmission and candidate beam reporting from UE in the PCell for DL-only SCell beam reconfiguration.
2.4 Latency and Overhead Comparison
For different parameter combinations, the following table looks at the latency numbers for supporting the baseline, standalone SCell-based beam failure recovery and the PCell-aided SCell recovery proposal. 
[bookmark: _Ref525824347]Table 1: Latency comparison between baseline scheme and the proposed SCell recovery mechanism
	Parameter Combinations (Value in Slots for 120Khz numerology)
	Average Latency (#slots)

	# RS occasions for averaging
	RS periodicity
	SR/PUCCH periodicity
	SR to PDCCH triggering L1 Report
	RACH occasion periodicity
	Dynamic RACH periodicity
	# RACH ReTx
	RAR Delay
	Delay to Activate dynamic RACH
	MAC-CE Delay after CORESET activation
	Baseline option
	PCell aided SCell recovery

	1
	16
	1
	1
	80
	40
	1
	8
	8
	24
	80
	70

	1
	16
	1
	1
	80
	80
	1
	8
	8
	24
	80
	90

	2
	40
	40
	1
	40
	40
	4
	16
	16
	24
	240
	258

	1
	160
	80
	1
	160
	80
	8
	80
	8
	24
	1384
	794

	2
	80
	160
	1
	320
	160
	2
	8
	8
	24
	632
	402

	4
	8
	1
	1
	80
	40
	4
	4
	8
	24
	336
	206

	2
	160
	640
	1
	40
	40
	1
	2
	8
	24
	366
	376



[bookmark: _Hlk4497541]Observation 2: Considerable latency benefits when the dynamic RACH periodicity is smaller than regular RACH occasion periodicity.
Even when dynamic RACH periodicity is assumed to be same as the regular RACH periodicity, the increase in latency is marginal using the proposed PCell-aided SCell recovery. 
The amount of channel resources needed for the baseline scheme and the proposed PCell-aided SCell recovery is shown below:
Table 2: Resource overhead between baseline scheme and the proposed SCell recovery mechanism
	Averaging duration (ms)
	RS periodicity (#slots)
	SCell failure probability
	#RACH resources per 5ms
	# SR resources
	Average resource overhead per 5 ms

	
	
	
	
	
	Baseline option
	PCell aided SCell recovery

	100
	16
	1%
	8
	1
	8
	0.1

	1000
	16
	2%
	16
	1
	16
	2

	100
	8
	2%
	8
	1
	8
	0.4

	100
	8
	5%
	16
	1
	16
	1

	1000
	16
	5%
	16
	1
	16
	5



Observation 3: Significant reduction in overhead and efficient utilization of resources can be obtained with the proposed PCell aided SCell recovery since the RACH resources are activated only after SCell BFD is indicated to the gNB via the PCell.
When existing SR resource is utilized for indicating SCell beam failure on the PCell, there is no extra resource overhead. If dedicated SR is used for this purpose then additional overhead is required for the proposed scheme, which however, is marginal compared to the gain from having dynamic RACH resources. 
A summary comparison between extending the existing Rel-15 BFR for SCell recovery in Rel-16 v/s using the proposed procedure is shown below.
	
	Duplicating PCell Recovery in SCell
	SCell Recovery with PCell assistance

	Spec impact
	Minimal change
	Change to enable dynamic RACH resources

	Resources
	Dedicated RACH resource needed per candidate beam per UE
	Lower resource usage due to dynamic RACH

	Latency
	High; function of RACH periodicity
	Lower, since the RACH periodicity could be smaller due to the on-demand nature



Based on the latency and overhead benefits we have the following proposal.
[bookmark: BFR2][bookmark: BFR4]Proposal 7: Support PCell triggered dynamic RACH resources on SCell for SCell beam failure recovery. 
2.5 Scell BFD RS Configuration
In the previous meeting, the following agreements were made for Scell BFD RS.
	[bookmark: _Hlk966708]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
· [bookmark: _Hlk4493732]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



In this section, we discuss our view on the CC configuration of BFD RS for Scell. For Alt 1, restricting the BFD RS in the current CC disallows 2 cross-carried QCLed CCs sharing the same monitoring RS, which may introduce a higher level of system overhead. Alt 2 allows the BFD RS configured in another CC but only in an implicit manner, e.g. via TCI states QCLed to PDCCH. As far as we are concerned, only having the implicit configuration method may suffer from a lack of flexibility. Because BFD RS must be periodic, while RS in TCI state may be SP/AP. The explicitly configured BFD RS can provide periodic BFD RS in that case. Therefore, we prefer Alt 3, which allows the configuration in the current or anther CC for both explicit and implicit configuration.
Proposal 8: SCell BFD RS can be in current CC or another CC for both explicit and implicit configuration.
2.6 Signalling of Failed CC Index
The following agreement was made regarding the support for deriving failed CC index in Scell BFR procedure.
	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



To begin with, the additional signalling to report failed CC index may not be needed in some cases. For instance, when all the SCells can be assumed to be QCLed, e.g. all SCells in same band on FR2 + PCell on FR1, the SCells will most likely fail at the same time. Therefore, in this case, the BFRQ of one SCell indicates the failure of the others, and the failed CC indices can be derived from a regular BFRQ directly. In addition, in intra-band CA, the transmission typically spans continuous CCs and, hence, UE may see similar interference and hence hypothetic BLER across SCells in same band. 
Observation 4: There is no need to report failed CC index, if all the SCells are cross-carrier QCLed, e.g. all SCells in same band on FR2 + PCell on FR1. Namely, in this case, the failed CC indices can be derived implicitly through a regular BFRQ without additional indication of the failed CC index.
Proposal 9: Support explicit report of failed CC index when not all SCells are cross-carrier QCLed.
In the other case, when QCL between all SCells cannot be assumed, the failed CC index may need to be individually conveyed. To implicitly convey the failed CC index, a dedicated resource for each CC, e.g. using different time-frequency allocations or scrambling sequences, can be reserved for BFRQ signalling to indicate the CC index. To reduce the overhead of reserving dedicated resources for each CC, one could use a common SR as BFRQ, and request a subsequent uplink report in PUCCH/ PUSCH, which contains an explicit indication of failed CC index as well as other information for BFR, e.g. L1 RSRP report of new beams, as shown in Figure 5. Therefore, to reduce overhead, we propose to support the explicit report of the failed CC index triggered by a common BFRQ signalling, when the index report is needed. 
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Figure 5: Explicit reporting failed CC index in Scell BFR
3. Multiple UL Tx-Panel Transmission & UL Beam Selection
3.1 [bookmark: _Hlk4489195]Panel ID Related Issues
The following agreement was made in last meeting to down select the panel ID definition among 4 options.
	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



In this section we discuss feature (C) of the work item. Multiple UL Tx-Panel indication was also discussed in previous meetings. A key motivation for conveying panel information is for improved robustness. In R15 it is not explicit if the reference signals are received in the same panel or different panels. Different panels based on panel location direction, and separation may provide robustness to blocking effects, such as hand blocking or human body blocking. Grouping of RS based on panels, can provide better information to the network to identify robust beams for transmission and reception. Another aspect is power saving and latency. UE may have only one panel active at a time, to save power.  Panel switching may lead to increased latency, and hence for instance switching from PUSCH beam transmitted on one panel, to a PUSCH beam that can be transmitted on a different panel may require additional time to activate the new panel. Panel information can enable efficient power and resource utilization. Simultaneous PUSCH transmission/selection across multiple panels can also improve robustness of PUSCH transmission.
In R15, there is no clear distinction between antenna ports mapped to a single panel vs antenna ports mapped to multiple panels. To enable transmission of multiple antenna ports out of multiple panels, a distinction in mapping can be signalled. One approach is to associate a panel index with an SRS resource set. In addition, when UL beam is indicated by DL RS, UE can report SRS resource ID associated with each reported DL RS. Therefore, gNB can know the mapping between DL RS and SRS resource set ID and hence the corresponding implied panel. gNB can further configure the DL RS as spatial RS of the mapped SRS resource for panel selection purpose. With minimum spec change, SRS resource sets for different panels can be SRS for BM, which can further indicate the beam for SRS for Codebook/Non-Codebook. Alternatively, SRS resource sets for different panels can be directly introduced for SRS for Codebook/Non-Codebook. 
Compared with other options (Alt. 2-4), they need to introduce a new panel ID and new RRC structure to link the ID with corresponding DL RS. We believe it is unnecessary. In addition, in case that SRS resource set for BM is reused as panel ID, the panel capability can be naturally signalled via existing FG 2-30 for UL BM, which specifies max supported # of SRS resource sets and SRS resources per set. For UEs not preferring to expose panel related capabilities, they can choose not to support FG 2-30.  
Proposal 10: On the choice of panel ID, each SRS resource set can be associated with a panel.
In addition, SRS-Resource currently specifies only one reference signal in spatialRelationInfo.  Different panels in the UE may be QCLed with different DL RSs, depending on the panel location and channel conditions. For example, transmissions from UE panels 1 & 2 based on panel location in the device, may be QCLed with SSB-Index i and SSB-Index j, respectively. Multiple spatialRelationInfo is needed to enable transmission over multi-panel transmissions, which is not possible for Codebook based PUSCH transmission. A natural way is to map a SRS resource set to a panel index, and UE can transmit using SRS resources from two separate SRS resource sets, wherein each SRS resource in the set is mapped to a different panel.
Proposal 11: The SRS resource set associated with each panel can be for both ‘codebook’ and ‘noncodebook’ based PUSCH transmission. 
· SRI field in the DCI can be expanded to select multiple SRS resources belonging to multiple SRS resource sets, where each set is associated with a panel.  
· SRI to SRS resource mapping table shall be extended to include SRS resources across SRS resource sets.

A related optimization is UE assisted UL beam selection. The motivations for UE aided UL beam selection are: 
· Based on UE architecture and power consumption considerations, certain UL beam may be preferable for UE. 
· To meet the maximum permissible exposure (MPE) requirement and still use the strongest beam for DL, the UE may prefer a different UL beam (not necessarily associated with same DL beam) to steer transmission away from human body.

This allows the UE to select a preferential UL beam among many feasible beams indicated by gNb.  
Proposal 12: For UL beam selection, SRI field in the DCI can be used to indicate multiple SRS resources associated with different SRS resource sets for UL transmission, and the UE may select for UL transmission a subset of the indicated SRS resources with corresponding UL beams satisfying MPE requirements
As another use case of panel ID, signal propagation paths from different panels will have different distances (different propagation delays). If timing advance is based on one particular signal path corresponding to one particular UE panel, a signal transmitted from a different panel traveling on a different path will arrive at the gNb before/past the allotted reception window, which is undesirable.
[bookmark: ULPanel1]Proposal 13: Study whether panel-level TA is needed for multi-panel UL transmissions. 
  In RAN1 AdHoc 1901, it has been agreed to down select the choice of panel ID within 4 options. But the definition of panel is unspecified. Suppose a physical panel has 2 polarizations, it is not clear if the two polarizations should be treated as one or two panels when UE reports panel ID. For physical panel with 2 polarizations, the panel can be defined based on the following 2 cases:
· Case 1: Both polarizations share the same analog beam
· In this case, UE should report the physical panel as one panel ID, which has 2 ports
· Case 2: Both polarizations can have different analog beams
· In this case, UE should report each polarization sub-array as one panel ID, which has 1 port
[bookmark: _Hlk1125259][bookmark: _Hlk4508548]Proposal 14: At least for the use cases other than simultaneous Tx of SRS resources for BM, the ID for indicating panel-specific beam selection is clarified as below
· Spatial Tx filters associated with same ID cannot be transmitted simultaneously
· If 2 polarizations on a physical panel have different analog beams, UE should report each polarization as one panel ID
· Maximum # of supported spatial layers associated with each ID depends on UE capability
· Spatial Tx filters associated with different IDs may or may not be transmitted simultaneously, depending on UE capability.

3.2 UE Category on Multi-Panel Operation
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.
We make the following proposal regarding the MPUE assumptions:
Proposal 15: Multiple UE panels can be activated at a time and one or more panels can be used for transmissions.
Being able to use multiple panels simultaneously for UL transmissions gives us the robustness and higher reliability by exploiting angular diversity of the channel when connecting to multiple TRPs.  For example, when transmitting the same PUSCH to multiple TRPs from multiple panels, the probability of at least one copy of the PUSCH being correctly received is higher with multiple panel UL TX than with single panel UL TX. The higher reliability will benefit URLLC without causing additional latency. In addition, multi panel TX provides more scheduling flexibility for multi TRP with non-ideal back-haul, where the 2 TRPs schedule PDSCH independently. Without the support of simultaneous UL Tx, scheduler may have to semi-statically TDM the UL Tx for the 2 TRPs, e.g. PUSCH for TRP 1 and PUCCH for TRP 2. This will both reduce UL throughput and increase UL control latency.
The difference between MPUE assumption 1 and assumption 3 is minimal if the switching/activation delay is very small. For MPUE assumption 1, if the UE is not capable of switching quickly, gNb needs to take into account this switching delay when scheduling a PUSCH across panels. For example, gNb can wait another panel to wake up and then send UL grant to schedule its Tx. Alternatively, gNb can send UL grant before the panel wakes up with the scheduling offset K2 longer than the activation latency. In both cases, the performance will be affected in URLLC scenarios if the activation latency is long.
4. Enhancements to Multi-Beam Operation for Robustness
In this section we consider feature (A) of the approved WI looking at enhancements to multi-beam operation. Signals in NR systems may suffer from a sudden dramatic RSRP loss due to blockage effects, e.g. from a passing-by human body or a moving vehicle near a UE device. One effective approach to overcome such blockage effects, is to leverage macro-diversity, by receiving from multiple beams of different angular directions. In this section, we discuss enhancements to multi-beam receptions of control channels. 
In Figure 6, we illustrate the diversity gain in PDCCH reception from multiple beams using CDL-B channel model and Blockage Model A defined in 3GPP TR 38.901. The simulation assumptions are described in the Appendix. Numerical results indicate that in the presence of blockage effects, it is essential to exploit angular diversity from beams in different directions, which significantly outperforms using a higher aggregation level on a single beam in the PER curves. In the simulation, the multiple beams for a PDCCH are assumed to come from a single TRP. Of course, in the case where the channel from a single TRP does not offer sufficient angular diversity, PDCCH reception from multiple TRPs becomes a natural choice of solution. It, however, can be made transparent to UE whether the multiple beams are from a single or multiple TRPs. Therefore, we have the following proposal.
Proposal 16: For enhanced reliability and robustness, support single DCI transmission over multiple TCI states
In general, soft-combining of the received PDCCHs from multiple beam is not required to achieve the angular diversity gain. For instance, as a more direct method, gNB can simply send multiple PDCCHs scheduling the same PDSCH assignment without informing UE the existence of the repetition; at UE side, it suffices to decode at least one PDCCH. Compared with the method that requires soft-combining, the direct method saves the overhead to convey the PDCCH repetition to UE.
Improving DL control channel robustness/reliability alone is not sufficient, since for closed loop communication, both the UL as well as the DL control channel should be reliable. Hence enhancements to UL control channel for robustness/reliability should be specified for Rel-16. Similar to PDCCH transmission via multiple beams, PUCCH can also be repeated across multiple beams for improved UL reliability. Another UL power efficient approach is to allow PUCCH resource selection at the UE. The UE can be configured with multiple PUCCH resources, each associated with different TCI states and the UE may select one or more of the resources to transmit PUCCH. The resource selection can be up to UE implementation.   
Proposal 17: Study and specify PUCCH repetition/ selection across multiple beams for enhanced reliability and robustness
[image: ]
Figure 6: Comparison of PER performance between single beam and multi-beam PDCCH
5. Fast Beam Selection via L1- Event Trigger
In this section we consider feature (B) of the approved WI looking at beam selection enhancements for lower latency and overhead reduction. One approach for beam selection in R15 baseline is enabling periodic beam report. Periodic beam report can increase overhead, and power consumption of the UE.  To reduce overhead and power consumption, UE triggered beam report based on L1-Event can be supported. In this way, UE reports for instance the top N beams only, when the current set of top N beams change. L1 events can be specified similar L3 events, and triggering conditions and thresholds can be configured.  A low overhead UL signal such as an SR can be sent in response to an L1-Event trigger.
Another example of L1-Event trigger is partial BFR. To maintain beams proactively and to support L1-event based beam switching ahead of full beam failure, Rel-15 implementation may be leveraged to switch away from failing beams. UE triggered L1-reporting for switching beams and proactive beam failure monitoring can be specified, thereby reducing latency.
An example of L1-event trigger applied to enhancing BFR procedure is shown below. The main motivation in this proposal is that instead of waiting till all the beams in the failure detection set fall below a threshold, we look at early indication to the gNB based on L1 events in the monitored beams. This can enable the gNB to proactively switch to better TCI states ahead of a full beam failure. Additionally, this can be event triggered from the UE side rather than from the gNB side which might ensue higher latency. Using L1-event triggered beam switching, the issue of limited link utilization during the time-consuming Rel-15 BFR procedure can be mitigated, as illustrated in Figure 7. 
We studied the impact of blockages on the top four beams over time to see if L1 event triggered reporting arises in practical using Blockage Model A in TS38.901, with blocker elevation width of 20 degrees. We considered UMi scenario with spatial correlation distance  = 10 m for the four non-self-blockers. Figures 7 and 8, show the non-uniform variations in the indices of the top four beams over the simulation interval due to blockers. The non-uniform variations can be exploited to reduce overhead/power consumption by triggering L1 report only when needed. The latency can also be improved at low overhead, by configuring a smaller periodicity SR to indicate the L1-Event trigger to the gNB. 
Proposal 18: Study and specify L1 event trigger-based report for fast beam selection.
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[bookmark: _Ref525819517]Figure 7: L1-event triggered fast beam selection for enhancing BFR procedure
[bookmark: PBFR]
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Figure 8: Index of the top 4 beams
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Figure 9: SNR of the initial best four beams
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Figure 10: Blocker centres’ evolution over time
6. Enhancements to Beam Selection in CDRX
In this section we consider feature (B) of the approved WI looking at beam selection enhancements for lower latency and overhead reduction. In CDRX operation fast beam selection is crucial for power efficient operation in FR2. An example R-15 beam selection during the CDRX ON duration is shown in the figure below. In the example operation gNB configures two CORESETS in each slot to monitor PDCCH. Each CORESET maybe associated with a different TCI state for robustness. 


When the gNB has some data to transmit in the ON duration, it may trigger AP CSI-RS via DCI. The UE may report its preferred beam, and further communication can continue based on the indicated report.  The latency for beam selection via this procedure for a few CSF combinations is provided below.
Table 3: Processing time in OFDM symbols (120Khz Numerology) for an example UE implementation
	
	RSRP (CRI/SSBIdx)
	Wideband 
CRI-RI-CQI
	Sub-band
CRI-RI-CQI

	Time from DCI to AP-CSI-RS Tx
	28
	28
	28

	Num CSIRS Symbols
	2
	2
	2

	: Time from end of AP-CSI-RS to First UL symbol CSI-Report
	28
	36
	140

	Total Latency of AP CSI-RS Based
	58
	66
	170



A component for the latency is the delay between the DCI trigger and AP-CSI-RS transmission. From a robustness aspect the DCI triggering the AP-CSI-RS might not be received due to potential blocking and may have to be retransmitted via a different beam. Hence schemes have to be studied and specified that have lower latency, at the same time good robustness for beam selection during CDRX operation. 
[bookmark: CDRX]Proposal 19: Mechanisms to reduce latency in beam selection for CDRX operation shall be studied and specified.
7. L1-SINR Interference Measurement
	Agreement
For interference measurement of L1-SINR, down select one of the following in RAN1#96bis 
· Alt 1: dedicated ZP IMR 
· Alt 2: dedicated NZP IMR 
· Alt 3: dedicated ZP IMR and dedicated NZP IMR

Companies are encouraged to provide use cases and benefit, e.g. throughput and gNB/UE complexity benefit for different alternatives
L1-RSRP/CSI based beam selection could be baseline



We support the following proposal:
Proposal 20: For interference part of L1-SINR, use dedicated ZP IMR only.
Dedicated ZP-based IMR can be used to measure long term inter-TRP interference, and for stable beam selection, long term inter-TRP interference is sufficient.  NZP-based IMR can provide interference measurements within the same TRP (e.g. interference generated by MU-MIMO or inter-beam interference generated by a different antenna panel); however, in our analysis, inter-beam interference is less of a concern than inter-cell interference.  
In the figure below, we plot the signal to inter-beam and inter-cell interference ratios observed in our SLS.

[image: ][image: ]
Figure 11: CDF of SIR from SLS.  
Simulation settings: 100m/200m ISD UMi, DL Full Buffer, Tx Power 23 dBm (EIRP 55dBm), 9dB UE noise figure, 10 UEs per sector.  The degree indicates the minimum azimuthal angular separation in the gNb Tx beams used for 2 simultaneously scheduled UEs. gNb Tx array is 32 by 8 antenna elements.
	
	2 MU-MIMO, 15̊ DL beam separation
	2 MU-MIMO, 30̊ DL beam separation

	
	Median SINR
	Median SINR if inter-beam interference can be eliminated
	Median SINR
	Median SINR if inter-beam interference can be eliminated

	100m ISD
	21dB
	21.60dB
	21.5dB
	22.08dB

	200m ISD
	10.5dB
	10.94dB
	11.5dB
	11.86dB



The table above shows that the inter-TRP interference dominates inter-beam interference, and even if inter-beam interference can be completely eliminated through the use of NZP-based IMR, the total SINR can be improved at most by 0.6dB on the median.
8. Signalling Overhead Reduction
8.1  PUCCH Spatial Relation 
	Agreement
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.



Grouping resources in PHY channels is meaningful for the purpose of group signalling, and thereby, overhead reduction. This idea is applicable to not only PUCCH but also other channels link PDSCH, PUSCH etc. For example, in cases where cross-carrier QCL-TypeD assumption holds, TCI states that are configured in a BWP or a CC could be applied across multiple downlink resources. 
[bookmark: _Hlk4511664]Observation 5: TCI states configured in a BWP can be applied across different BWP or different cells when indicated and when applicable.
Similarly, in the uplink, spatial relation that holds for one channel resource could be indicated to be applicable to other resource groups. UE can report in which frequency range the CCs can be assumed to be cross-carrier QCLed at the UE. This helps the gNB to determine which set of uplink resources across CCs for a single update of spatial relation. Hence, we have the following proposal:
Proposal 21: UE reports in which frequency range the CCs can be assumed to be cross-carrier QCLed at UE. 
In the context of updating and/or configuring spatial relation for PUCCH, our view is that the group notion has to flexible to permit sub-grouping of PUCCH resources within a CC and also grouping across multiple BWPs and/or CCs wherever the same spatial relation may be applied. In Alt1 and Alt2, if a single MAC-CE is used for updating the spatial relation for all PUCCH resources (or resource sets/groups) in a CC/cross-QCL’ed CCs, new MAC-CE format is required for indicating the spatial relation in multiple groups. 
To enhance the feature of PUCCH resource grouping in Rel-15, we could identify a group of resources by a combination of the resource ID(s), resource set ID(s), BWP ID(s) and/or CC ID(s). In this way, a single spatial relation update can be signalled to an entire group of PUCCH resources indicated by the ID. Therefore, we have the following proposal:
Proposal 22: On the simultaneous spatial relation update for multiple PUCCH resources, support Alt 3 to have flexible indication of group, which can include multiple PUCCH resources over different BWPs/CCs
· The group can be identified by combination of resource ID, resource set ID, BWP ID, and CC ID
· Detailed signaling can be determined by RAN2 via MAC-CE design

In addition, in cases where the CCs are cross-carrier QCLed, spatial relations that are configured in a BWP or a CC could be applied across multiple PUCCH resources across different BWPs/CCs to save signalling overhead. 
[bookmark: _Hlk4573297]Observation 6: PUCCH spatial relation info configured in a BWP can be applied across different BWP or different cells when indicated and when applicable.

9. RRC configuration for candidate beam RS for BFR
During the previous meetings, the following agreements were made as:
	Agreement
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.

Agreement:
RRC parameter value: maxNrofCandidateBeams is 64
Note: the total number of distinct resources for candidate beam RS and beam management RS is also constrained by 64



We would like to support the configuration of up to 64 candidate beams for BFR in RRC signalling, as it has been agreed that the value of the RRC parameter maxNrofCandidateBeams is 64, and therefore it becomes natural to allow the number of candidate beams in the list matches that maximum number. Note that after we increase the candidate beams in the list, RRC reconfiguration of candidate beams can be saved as UE moves. In addition, having more candidate beams in the list allows using CFRA in more candidate beam directions, which improve the reliability of BFR by minimizing the chance to use CBRA, which typically involves longer BFR latency.
Proposal 23: Support the configuration of up to 64 candidate beams for BFR by RRC signalling.
We believe that there is no obvious justification to include a MAC-CE signalling to down-select active beams in the candidate list. The additional signal increases the overhead and complexity in the system but provides unclear benefit in system performance. Without the MAC-CE signalling, the candidate beam list can be still reconfigured by RRC. Even though the MAC-CE signalling may potentially provide a low latency option to reconfigure the candidate beam list, and release the CFRA resources for BFR in those inactive candidate beams, it still requires RRC reconfiguration to add those released CFRA resources to the CBRA resource pool. Therefore, compared with using RRC to reconfigure the candidate list, the proposed MAC-CE signal doesn’t save the overall delay in load balancing between CFRA and CBRA resource in the cell.
Proposal 24: No need to add a MAC-CE signalling to down-select a subset of the candidate beams in the list.
10. Maximum Permissible Exposure 
It has been concluded in [4] that MPE issue could be significant. In the RAN4 discussion on FR2 RF exposure issue, two methods were introduced during Rel-15 to enable the UE to comply with regulatory exposure limits. One is P-MPR and the other is maxUplinkDutyCycle capability. Both are essentially based on power back off. Given that the required back off could be large, more efficient approaches could be investigated in RAN1. Therefore, we have the following proposal:
Proposal 25: MPE issue should be included in the study for Rel-16 Enhanced MIMO
11. Conclusion
In this contribution we discussed enhancements for Rel-16 NR MIMO beam management. Below are the observations and proposals
Proposal 1: Assume RSRP threshold and new candidate beam RSs as well as corresponding CFRA resource are configured for Scell BFR:
· If at least one beam in the candidate RS list is above or equal to the threshold, UE uses CFRA in Scell for BFRQ; 
· Else, UE can use Pcell to convey BFRQ if configured, otherwise use CBRA in Scell.

Proposal 2: Study BFR procedure in the case when both Pcell and Scell fail.
Proposal 3: UE signalling of SCell beam failure can be based on dedicated SR in PCell or reusing an existing PCell SR mechanism to additionally report SCell beam failure.
Observation1: If the BFRQ is conveyed by sending RACH in Scell or a QCLed CC to the Scell, the beam index used in RACH already indicate the NBI.
Proposal 4: UE explicitly conveys NBI in Scell BFR procedure only when BFRQ is sent in Pcell.
Proposal 5: Include a state in NBI for the case when no new beam in the candidate list satisfies the RSRP threshold, when BFRQ is sent in Pcell.
Proposal 6: Support BFRQ transmission and candidate beam reporting from UE in the PCell for DL-only SCell beam reconfiguration.
Observation 2: Considerable latency benefits when the dynamic RACH periodicity is smaller than regular RACH occasion periodicity.
Observation 3: Significant reduction in overhead and efficient utilization of resources can be obtained with the proposed PCell aided SCell recovery since the RACH resources are activated only after SCell BFD is indicated to the gNB via the PCell.
Proposal 7: Support PCell triggered dynamic RACH resources on SCell for SCell beam failure recovery. 
Proposal 8: SCell BFD RS can be in current CC or another CC for both explicit and implicit configuration .
Observation 4: There is no need to report failed CC index, if all the SCells are cross-carrier QCLed, e.g. all SCells in same band on FR2 + PCell on FR1. Namely, in this case, the failed CC indices can be derived implicitly through a regular BFRQ without additional indication of the failed CC index.
Proposal 9: Support explicit report of failed CC index when not all SCells are cross-carrier QCLed.
Proposal 10: On the choice of panel ID, each SRS resource set can be associated with a panel.
Proposal 11: The SRS resource set associated with each panel can be for both ‘codebook’ and ‘noncodebook’ based PUSCH transmission. 
· SRI field in the DCI can be expanded to select multiple SRS resources belonging to multiple SRS resource sets, where each set is associated with a panel.  
· SRI to SRS resource mapping table shall be extended to include SRS resources across SRS resource sets.

Proposal 12: For UL beam selection, SRI field in the DCI can be used to indicate multiple SRS resources associated with different SRS resource sets for UL transmission, and the UE may select for UL transmission a subset of the indicated SRS resources with corresponding UL beams pointing away from human body.
Proposal 13: Study whether panel-level TA is needed for multi-panel UL transmissions. 
Proposal 14: At least for the use cases other than simultaneous Tx of SRS resources for BM, the ID for indicating panel-specific beam selection is clarified as below
· Spatial Tx filters associated with same ID cannot be transmitted simultaneously
· If 2 polarizations on a physical panel have different analog beams, UE should report each polarization as one panel ID
· Maximum # of supported spatial layers associated with each ID depends on UE capability
· Spatial Tx filters associated with different IDs may or may not be transmitted simultaneously, depending on UE capability.

Proposal 15: Multiple UE panels can be activated at a time and one or more panels can be used for transmissions.
Proposal 16: For enhanced reliability and robustness, support single DCI transmission over multiple TCI states
Proposal 17: Study and specify PUCCH repetition/ selection across multiple beams for enhanced reliability and robustness
Proposal 18: Study and specify L1 event trigger-based report for fast beam selection.
Proposal 19: Mechanisms to reduce latency in beam selection for CDRX operation shall be studied and specified.
Proposal 20: For interference part of L1-SINR, use dedicated ZP IMR only.
Observation 5: TCI states configured in a BWP can be applied across different BWP or different cells when indicated and when applicable.
Proposal 21: UE reports in which frequency range the CCs can be assumed to be cross-carrier QCLed at UE. 
Proposal 22: On the simultaneous spatial relation update for multiple PUCCH resources, support Alt 3 to have flexible indication of group, which can include multiple PUCCH resources over different BWPs/CCs
· The group can be identified by combination of resource ID, resource set ID, BWP ID, and CC ID
· Detailed signaling can be determined by RAN2 via MAC-CE design

Observation 6: PUCCH spatial relation info configured in a BWP could be applied across different BWP or different cells when indicated and when applicable.
Proposal 23: Support the configuration of up to 64 candidate beams for BFR by RRC signalling.
Proposal 24: No need to add a MAC-CE signalling to down-select a subset of the candidate beams in the list.
Proposal 25: MPE issue should be included in the study for Rel-16 Enhanced MIMO.

12. Appendix
11.1 Additional results for multi-TCI PDCCH 
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Table 3. Simulation Assumptions in Section 6.1
	Parameters
	Values

	Carrier Frequency
	30 GHz

	Subcarrier Spacing for data
	For 30 GHz: 120kHz

	Data allocation
	Agg level 4,8,16

	Channel Model
	CDL-B model 
-                delay spread =100ns , UE speed=3km/h.
-                The angles of BS, i.e., AoD, ZoD, are uniformly distributed within [-60, 60] degrees in azimuth domain and [90, 135] degrees in zenith domain, and those of UE, i.e., AoA, ZoA, are uniformly distributed within [-180, 180] degrees in azimuth domain and [45, 90] in zenith domain, via applying uniform-distribution desired mean angle in subclause 7.7.5.1 in TR 38.901 accordingly.
Companies to report phase noise modelling and PTRS considerations if used.

	Criteria for beam selection
	Best CPO beam pointing towards the average strongest cluster

	BS antenna configurations
	 (M, N, P, Mg, Ng; Mp, Np) = (4, 8, 2, 2, 2; 1 , 1). ((dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (2.0, 4.0) λ 

	BS antenna element radiation pattern
	For 30 GHz: According to TR38.802

	UE antenna configurations
	(M, N, P, Mg, Ng; Mp, Np) = (2, 4, 2, 1, 2; 1, 1); 
(dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (0, 0)λ.
(M, N, P, Mg, Ng; Mp, Np) = (2, 4, 2, 1, 1; 1, 1);  * Θmg,ng=90°; Ω0,1=Ω0,0+180°;

	BS array orientation
	azimuth 0 degree; mechanic downtilt: 0 degree

	UE array orientation
	ΩUT,a uniformly distributed on [0, 360] degree

	UE antenna element radiation pattern
	See Table A.2.1-8 in TR 38.802

	UE mobility feature
	Blockage model added as Blockage A model in 3GPP 38.901

	Transmission scheme
	Single TCI beam, single transmission; Single TCI beam, two transmissions (TDM, soft combine); 2 TCI beams, 2 transmissions (soft-combine)

	MIMO mode
	SU-MIMO

	UE receiver type
	MMSE-IRC as baseline
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