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1	Introduction
In RAN#80, a new work item [1] on Rel 16 MIMO enhancements was approved to enhance various aspects of multi-beam operation in FR2 with the following objective:
· 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 UL-only, where PCell can be operating on FR1 as well as FR2
· Specify measurement and reporting of either L1-RSRQ or L1-SINR

In RAN1#98bis [2], the following agreements and conclusion were made:

Working Assumption
The default spatial relation for dedicated-PUCCH/SRS for a CC in FR2, at least when no pathloss RSs are configured by RRC is determined by
· Default TCI state or QCL assumption of PDSCH, i.e.,
· in case when CORESET(s) are configured on the CC, the CORESET with the lowest ID in the most recent monitored downlink slot, or 
· in case when any CORESETs are not configured on the CC, the activated TCI state with the lowest ID applicable to PDSCH in the active DL-BWP of the CC
· Above applies at least for UEs supporting beam correspondence
· Above applies at least for the single TRP case
· FFS: Details on UE behavior in the absence of the activated TCI state
· FFS: Details on default spatial relation in multicarrier scenario
· FFS: Details on which RS to use for pathloss measurement
· FFS: Details on how to handle this issue in case pathloss RSs are configured

Agreement
When a set of TCI-state IDs for PDSCH are activated by a MAC CE for a set of CCs/BWPs at least for the same band, where the applicable list of CCs is indicated by RRC signalling, the same set of TCI-state IDs are applied for the all BWPs in the indicated CCs.
· Further signaling details are up to RAN2.
· Whether to support the inter-band CA for this feature will be decided in RAN1#99.
· Whether to indicate the applicable list of bands for the feature of single MAC-CE to activate the same set of PDSCH TCI state IDs for multiple CCs/BWPs is up to capability discussion.
· FFS on the UE capability signaling details
· Note: This at least applies to single TRP case.
· FFS: How many combinations of CCs can be configured by RRC and relevant UE capability

Agreement
Select one among the following alternatives on whether/how to revise the existing mechanism on higher layer filtered RSRP for pathloss measurement, when a pathloss RS is updated by MAC CE (if agreed) in RAN1#99.
· Alt.1: L1-RSRP based pathloss measurement is applied when the pathloss RS is updated by MAC CE.
· Alt.2: Reuse higher layer filtered RSRP for pathloss measurement, with defining the applicable timing after the MAC CE. 
· Note, before the higher layer filtered RSRP is applied, UE uses L1-RSRP for pathloss estimation.
· Alt.3: Reuse higher layer filtered RSRP for pathloss measurement, with defining the applicable timing after the MAC CE.
· Note: Filtered RSRP value for previous pathloss RS will be used before the application time.
· Alt.4: Reuse higher layer filtered RSRP for pathloss measurement, with the same behavior with higher layer filtered RSRP as in Rel-15.
· Note: UE is expected to track all the RRC-configured candidate pathloss RSs.
· Note: The maximum configurable pathloss RSs by RRC is up to UE capability.
· Note: If there is no consensus to the down-selection above, the specification in Rel-16 only allows the maximum configurable pathloss RSs by RRC is 4 (same as Rel-15). For less than or equal to X candidate pathloss RSs configured by RRC, the existing mechanism on higher layer filtered RSRP for pathloss measurement can be reused.
· Baseline is X=4.
· The pathloss RS selected by the MAC CE, if agreed, is among the X RRC configured candidate pathloss RSs.
· Note: For Alt.1, Alt.2, Alt.3, and Alt.4, the maximum configurable pathloss RSs by RRC is increased from Rel-15, e.g., 8, 16, or 64.
· For Alt.1, Alt.2, Alt.3, such pathloss reference signals are for configuration purpose only.


In this contribution, we present experimental study of beam management under indoor mobility conditions.
2 	Objectives	
The UL power control loops in NR are derived from the LTE power control loops with an open loop and closed loop component. In the open loop power control technique, the gNB transmits a pre-configured DL reference signal and the UE adjusts its UL transmit power based on the received power of this RS. The RS used for path loss measurement is known as the pathloss reference RS. 
The Rel 15 RRC IE configuration for pathloss RS for PUCCH is shown below

PUCCH-SpatialRelationInfo ::=           SEQUENCE {
    pucch-SpatialRelationInfoId         PUCCH-SpatialRelationInfoId,
    servingCellId                           ServCellIndex                        		OPTIONAL,   -- Need S
    referenceSignal                         CHOICE {
        ssb-Index                               SSB-Index,
        csi-RS-Index                                NZP-CSI-RS-ResourceId,
        srs                                     SEQUENCE {
                                                    resource                            SRS-ResourceId,
                                                    uplinkBWP                           BWP-Id
                                                }
    },
    pucch-PathlossReferenceRS-Id            PUCCH-PathlossReferenceRS-Id,
    p0-PUCCH-Id                             P0-PUCCH-Id,
    closedLoopIndex                         ENUMERATED { i0, i1 }
}

Similarly, the PUSCH transmit power is controlled through the RRC IE SRI-PUSCH-PowerControl:
SRI-PUSCH-PowerControl ::=          SEQUENCE {
    sri-PUSCH-PowerControlId            SRI-PUSCH-PowerControlId,
    sri-PUSCH-PathlossReferenceRS-Id    PUSCH-PathlossReferenceRS-Id,
    sri-P0-PUSCH-AlphaSetId             P0-PUSCH-AlphaSetId,
    sri-PUSCH-ClosedLoopIndex           ENUMERATED { i0, i1 }
}

The SRS-Config RRC IE contains the path loss RS for SRS. 
SRS-ResourceSet ::=                     SEQUENCE {
    srs-ResourceSetId                       SRS-ResourceSetId,
    srs-ResourceIdList                      SEQUENCE (SIZE(1..maxNrofSRS-ResourcesPerSet)) OF SRS-ResourceId    OPTIONAL, 

OMITTED LINES

    usage                                   ENUMERATED {beamManagement, codebook, nonCodebook, antennaSwitching},
    alpha                                   Alpha                                                               OPTIONAL, 
    p0                                      INTEGER (-202..24)                                                  OPTIONAL, 
    pathlossReferenceRS                     CHOICE {
        ssb-Index                               SSB-Index,
        csi-RS-Index                            NZP-CSI-RS-ResourceId
    }                                                                                                           OPTIONAL, 
    srs-PowerControlAdjustmentStates        ENUMERATED { sameAsFci2, separateClosedLoop}                        OPTIONAL, 
    ...
}

It is seen that Rel 15 NR spec only supports configuration of path loss RS via RRC configuration. Rel 16 aims to reduce the latency of UL beam selection but if path loss RS cannot be updated in a fast manner, it can create a scenario where the PUCCH/PUSCH/SRS beam is changed but the new beam still uses an older DL beam as the reference for measuring the path loss. As a consequence of this mismatch, the UL power will be incorrectly set. 
RAN 1 is considering supporting MAC CE based update of path loss RS to alleviate the mismatch described above. We set up an experimental testbed in order to study and characterize the rate at which such a path loss mismatch can occur in the system under varying real-world mobility scenarios.
The study had the following objectives:
1. Study the rate of change of DL pathloss in a mobile environment
2. Study the impact of translation (in direction of gNB/perpendicular to gNB) on pathloss measurement
3. Study the impact of UE rotation on pathloss measurement 
Estimation of pathloss is done with the aid of the path loss RS. A fixed beam transmission is used at the gNB to emulate the transmission of the path loss RS. 
3 	Experiment Hardware Setup
Our setup has gNB operating in FR2 in indoor and measurements are taken using the test UE. Both gNB and UE has a phased array with 24 beam codebook covering a  sector. Each beam is spaced  apart in the azimuth and covers  in zenith. We have two different codebooks with narrow and wide beams. gNB beam is kept fixed and measurements are taken while UE is in motion sweeping through all the receive beams. These measurements are taken at the National Instruments’ 5G Lab at the Texas A&M university under the supervision of Dr. P R Kumar.

gNB and UE setup
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                                               NI-mmwave Setup                                                      RF Front end- 24 element Phased array





Layout of Setup:
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4	Results
We performed three different experiments to study the beam coherence time for the path loss RS, i.e how long a particular beam is valid. Following heatmaps present the receive signal strengths when a user is in motion. Our first experiment captures variations in the signal strengths when a user is walking in the line of sight of gNB beam towards and away from it. The second experiment captures measurements in a controlled rotation during which UE antenna panel is rotated in  sector and its pose facing the gNB antenna panel. Our third experiment captures signal strength in a near real world scenario, whereas user randomly walks in the gNB sector. Our experiments reveal interesting information on how long a particular is valid, tolerable beam misalignment between gNB and UE and beam change patterns with user mobility.
4.1 Translation 
[image: ]
4.2 Rotation
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Rotation: Wide Beam Codebook
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4.3 Random walk:
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Random Walk: Wide beams
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	 User  Motion—Narrow Beamwidth
	Mean Beam Coherence Interval

	Controlled rotation of UE antenna panel - Slow
	542ms

	Random walk
	372ms

	Controlled rotation of UE –fast with single scatterer
	296ms

	Controlled rotation of UE –fast  
	240ms



                                 
	 User  Motion—Wide Beamwidth
	Mean Beam Coherence Interval

	Controlled rotation of UE antenna panel - Fast
	360ms

	Controlled rotation of UE –fast with single scatterer
	358ms



Proposal 1: 
Companies should specify the  beam coherence interval used when presenting proposed beam management algorithms.
It is recommended to study the beam coherence interval using multiple UE antenna panels as we believe multiple UE panels can increase beam validity duration. Furthermore, it is recommended to define the common reference procedure for reporting experimental results and performance indicators which can drive future standardisation efforts.
6	Summary
In this contribution we presented our views on coherence of beams in an indoor mobility environment. The following observations and proposals are made:
Observation 1: Beam coherence interval is a useful metric to characterize the rate of change of a give best beam.  The Table below presents the mean beam coherence interval across all UE receive beams observed during our measurement for various cases.  We calculated beam coherence interval from an hour-long test data.  Beam coherence interval is measured as duration a narrow receive beam is above -60dBm and wider beam is above -65dBm.
Proposal 1: Companies should specify the beam coherence interval used when presenting proposed beam management algorithms.
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UE rotation with varying speeds in az -60 to 60 sector
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