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1. Introduction
In RAN1 #92 meeting, the following agreements on beam management have been achieved. [1]
Agreement:
RAN4 specifies the mapping between reported value of L1-RSRP and the measured quantity value and includes that mapping in 38.133.
· A reference to the RAN4 specification with the above details will be added in TS38.214
Agreement 
RAN4 specifies the exact mapping for the differential RSRP values with the following input from RAN1. For differential reporting:
· 16 states are supported
· One state is used to indicate that the difference is larger than 30dB
· Step size is 2dB
R1-1803281	WF on group based beam reporting	ZTE, Sanechips, vivo, NTT DOCOMO, OPPO, Samsung, Huawei, HiSilicon, LGE, Mitsubishi Electric, Intel, ASTRI, [Nokia, NSB, CATT, Ericsson, MediaTek, Qualcomm]
Agreement (RRC parameter update)
In group based beam reporting, NR supports the following aspects:
· The reporting format of differential L1-RSRP for non-group based beam reporting is reused for group based beam reporting. 
· The RRC parameter nrofBeamsToReport can be removed (TS38.331). Corresponding RAN1 parameter name is number-of-beams-reporting.
Agreement:
If all configured TCI states do NOT contain QCL Type D i.e. QCL w.r.t. spatial Rx parameter, a UE shall obtain the other QCL assumptions from the indicated TCI state for its scheduled PDSCH irrespective of the time offset between the reception of the DL DCI and the corresponding PDSCH
R1-1803346	Feature lead summary 2 on beam measurement and reporting	Ericsson
Agreement (RRC parameter update):
Maximum number of spatial relations in PUCCH-SpatialRelationInfo is 8. Update to 38.331: maxNrofSpatialRelationInfos = 8.
Agreement (RRC parameter update):
As previously agreed, maximum number of TCI states in TCI-StatesPDCCH is the same as in TCI-States, i.e., 64. Update to 38.331: maxNrofTCI-StatesPDCCH = 64.
Agreement (RRC parameter update):
As previously agreed, maximum number of TCI states is 64. Hence, the ID range is 0 .. 63. Update to 38.331: TCI-StateId = 0 .. 63.
Agreement (New RRC parameter):
Update the description of the RRC parameters TCI-RS-SetConfig and TRS-Info according to the table below
	RRC parameter
	Description
	Value range
	Comments

	TRS-Info
	Indicating whether or not the antenna ports of NZP CSI-RS resources in the CSI-RS resource set is same
	ON, OFF
	Contained in NZP-CSI-RS-ResourceSetConfig


Agreements (RRC parameter update):
Update to 38.331: maxNrofCSI-RS-ResourcesPerSet = 64.
· UE is not expected to be configured with more than 8 CSI-RS resources per set for CSI acquisition
· TS38.214 Editor to capture this restriction in the specification
Agreements (RRC parameter update):
The maximum number of configured ap-CSI-RS resources per set for beam management is 16. Introduce new constant in 38.331: maxNrofAP-CSI-RS-ResourcesPerSet = 16.
Agreement (RRC parameter update):
Update to 38.331: Size of list qcl-Info-aPeriodicReportingTrigger is 
maxNrofReportConfigIdsPerTrigger * maxNrofAP-CSI-RS-ResouresPerSet

In this contribution, we will provide some discussions on the remaining issues for beam management on joint L1-RSRP measurement, UE’s measurement assumption for CSI-RS, default PDSCH beam assumption, PUSCH beam indication, default PUCCH/PUSCH spatial relation.
2. Discussion
2.1 Joint L1-RSRP measurement
It has been agreed that a UE can use both SSB and CSI-RS to jointly measure the L1-RSRP. The remaining issue is how to configure this joint measurement. There can be the following options:
· Option 1: Define a new report quantity as “SSBRI/CRI/L1-RSRP”
· Option 2: UE can report the joint L1-RSRP when the report quantity is “SSBRI/L1-RSRP”
· Option 3: UE can report the joint L1-RSRP when the report quantity is “CRI/L1-RSRP”

In option 1, an additional value of report quantity should be defined and the CSI-RS to be measured should be identified, which may need some additional signaling. In option 2, if multiple CSI-RS resources are QCLed with SSB, additional signaling may be needed to identify which CSI-RS to be used. In option 3, there would be no additional signaling required, the UE can use the CSI-RS to measure L1-RSRP as well as SSB if the CSI-RS is QCLed with SSB. Therefore option 3 is slightly preferred. It should be supported that the joint L1-RSRP can be reported when the reportQuantity is configured as “CRI/L1-RSRP” where the UE can use the CSI-RS as well as its QCLed SSB to measure the L1-RSRP.
Proposal 1: It should be supported that the joint L1-RSRP can be reported when the reportQuantity is configured as “CRI/L1-RSRP” where the UE can use the CSI-RS as well as its QCLed SSB to measure the L1-RSRP.
2.2 UE assumption of CSI-RS
The CSI-RS can be transmitted periodically. Then in different time instances, it should be clarified whether the UE can assume the CSI-RS with the same resource ID should be from the same antenna port. With this assumption, some averaging can be used when UE measures the CSI-RS in multiple time instances. So it would be benefitial for L1-RSRP measurement accuracy. It should be supported that the UE can assume that in different time instances the CSI-RS with the same resource ID in a resource set should be spatially QCLed.
Proposal 2: It should be supported that the UE can assume that in different time instances the CSI-RS with the same resource ID in a resource set should be spatially QCLed.
2.3 Default PDSCH beam assumption
It has been agreed that when the scheduling offset is below a threshold, the PDSCH beam should use the default beam which is the same as beam of the lowest CORESET-ID in the latest slot in which one or more CORESETs are configured for the UE. However there may be some issues if the CORSET-BFR is considered as shown in Figure 1. In that case, the UE should follow the beam for CORESET-BFR. However the beam for CORESET-BFR is not clear if it is not in beam failure recovery procedure. So the CORSET-BFR should be excluded for default PDSCH beam assumption.
Meanwhile, another CORESET, CORESET 0, is not configured with TCI state. Thus when determining the PDSCH default beam, the CORESET 0 should be also excluded.


Figure 1: one issue for default PDSCH beam assumption
Proposal 3: For PDSCH QCL determination, the CORSET-BFR and CORESET 0 should be excluded if the scheduling offset is below a threshold.
Another scenario is for multiple BWPs/CCs operation. When the UE is configured with multiple BWPs/CCs, and the scheduling offset is below a certain threshold, a default spatial QCL should be assumed by the UE for PDSCH. Considering the different CORESET(s) configuration over different BWP/CC, the default spatial assumption should follow the lowest CORESET ID in the latest slot in the BWP/CC with PDSCH transmission. Figure 2 shows an example of the operation.


Figure 2 Default PDSCH QCL with multiple BWP/CC
Proposal 4: If the UE is configured with multiple BWPs/CCs and scheduling offset is below a threshold, the PDSCH should be spatially QCLed with the lowest CORESET ID in the latest slot in the BWP/CC with PDSCH transmission.
2.4 PUSCH beam indication
Current PUSCH beam indication is SRS based, which is like a two stage beam indication. Stage 1 is the beam indication for SRS for current transmission scheme (codebook or non-codebook based transmission scheme), stage 2 is the SRI indication in uplink grant and the PUSCH beam should follow the indicated SRS beam. Stage 1 can be implemented by the indication of SRS-SpatialRelationInfo. But there may be one issue in stage that the SRI may not always be present in DCI. For example, for DCI format 0_0, SRI is not included. Then what is the UE assumption of PUSCH beam could be one issue if there is no SRI. The issue may happen before RRC connection or after RRC connection. Before RRC connection, the UE can follow the PRACH beam. But after RRC connection, the PRACH beam may expire. So one possible way is to follow the PUCCH beam. One particular PUCCH-SpatialRelationInfo can be used to indicate the default PUSCH beam.
Proposal 5: it should be supported that the PUSCH beam should be indicated by PUCCH-SpatialRelationInfo for the PUCCH resource with lowest resource ID when it is triggered by DCI format 0_0.
2.5 Default PUCCH/PUSCH spatial relation
In the previous meeting, the default PUCCH spatial relation was discussed. After dedicated configuration of a list of spatial relations in PUCCH-SpatialRelationInfo, but prior to MAC-CE selection of a spatial relation from the list for a given PUCCH resource, there is some ambiguity period for the UE to select a spatial relation. Thus default spatial relation should be applied for the PUCCH by the UE.
However, there is another scenario which is that beam failure recovery happens. After receiving the gNB response to the beam failure recovery request, the UE could perform transmission over PUCCH/PUSCH. Due to the beam failure, the previous spatial configuration for PUCCH/PUSCH is not valid any more. Thus a default spatial relation should be applied for the UE to facilitate transmission over PUCCH/PUSCH. The figure below shows an example for the operation.


Figure 3 Default spatial relation for PUCCH/PUSCH
The default spatial relation could be the CSI-RS or SS/PBCH block identified by the UE during the beam failure recovery procedure. The default spatial relation should be applied until the new spatial relation is activated for PUCCH/PUSCH
Proposal 6: After sending beam failure recovery request, the UE may assume a default spatial relation for PUCCH/PUSCH transmission until reconfiguration/activation. The default spatial relation is the CSI-RS or SS/PBCH block identified by the UE during the beam failure recovery procedure.
3. Conclusions
In this contribution we have provided our views on the remaining issues of beam management. From the discussion, we have the following proposals.
Proposal 1: It should be supported that the joint L1-RSRP can be reported when the reportQuantity is configured as “CRI/L1-RSRP” where the UE can use the CSI-RS as well as its QCLed SSB to measure the L1-RSRP.
Proposal 2: It should be supported that the UE can assume that in different time instances the CSI-RS with the same resource ID in a resource set should be spatially QCLed.
Proposal 3: For PDSCH QCL determination, the CORSET-BFR and CORESET 0 should be excluded if the scheduling offset is below a threshold.
Proposal 4: If the UE is configured with multiple BWPs/CCs and scheduling offset is below a threshold, the PDSCH should be spatially QCLed with the lowest CORESET ID in the latest slot in the BWP/CC with PDSCH transmission.
Proposal 5: it should be supported that the PUSCH beam should be indicated by PUCCH-SpatialRelationInfo for the PUCCH resource with lowest resource ID when it is triggered by DCI format 0_0.
Proposal 6: After sending beam failure recovery request, the UE may assume a default spatial relation for PUCCH/PUSCH transmission until reconfiguration/activation. The default spatial relation is the CSI-RS or SS/PBCH block identified by the UE during the beam failure recovery procedure.
4. Text Proposal
4.1 TP for joint L1-RSRP measurement
=============== Text Proposal in section 5.2.1.4 in 38.214 =========
For L1-RSRP computation
-	the UE may be configured with CSI-RS resources, SS/PBCH Block resources or both CSI-RS and SS/PBCH Block resource.
-	the UE may be configured with CSI-RS resource setting up to 16 CSI-RS resource sets having up to 64 resources within each set. The total number of different CSI-RS resources over all resource sets is no more than 128.
-	the UE may use the configured CSI-RS resource and the SS/PBCH block which are spatially QCLed with this CSI-RS to jointly measure the L1-RSRP.
=============== End of Text Proposal ========================
4.2 TP for UE assumption of CSI-RS
=============== Text Proposal in section 5.2.1.4 in 38.214 =========
For L1-RSRP computation
-	the UE may be configured with CSI-RS resources, SS/PBCH Block resources or both CSI-RS and SS/PBCH Block resource.
-	the UE may be configured with CSI-RS resource setting up to 16 CSI-RS resource sets having up to 64 resources within each set. The total number of different CSI-RS resources over all resource sets is no more than 128.
-	the UE can assume for one CSI-RS resource with the same resource ID within a resource set, its antenna port(s) should always be the same for different time instances.
=============== End of Text Proposal ========================
4.3 Default PDSCH beam assumption
=============== Text Proposal in section 5.1.5 in 38.214 =========
[bookmark: _Hlk497994280][bookmark: _Hlk498002628][bookmark: _Hlk500790716][bookmark: _Hlk498589824]If the TCI-PresentinDCI is set as 'Enabled', the UE shall use the TCI-States according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. The UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located with the RS(s) in the RS set with respect to the QCL type parameter(s) given by the indicated TCI state if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold Threshold-Sched-Offset, where the threshold is FFS. For both the cases when TCI-PresentInDCI = 'Enabled' and TCI-PresentInDCI = 'Disabled', if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold Threshold-Sched-Offset, the UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located based on the TCI state used for PDCCH quasi co-location indication of the lowest CORESET-ID in the latest slot in which one or more CORESETs are configured for the UE, where the CORESET indicated by higher layer parameter Beam-failure-Recovery-Response-CORESET and CORESET 0 shall be excluded.
=============== End of Text Proposal ========================
4.4 PUSCH beam indication
=============== Text Proposal in section 6.1.1.1 in 38.214 =========
[bookmark: _Toc501048207]6.1.1.1	Codebook based UL transmission
For codebook based transmission, the UE determines its PUSCH transmission precoder based on SRI, TRI and TPMI fields from the DCI, where the TPMI is used to indicate the preferred precoder over the SRS ports in the selected SRS resource by the SRI when multiple SRS resources are configured, or if a single SRS resource is configured TPMI is used to indicate the preferred precoder over the SRS ports. The transmission precoder is selected from the uplink codebook, as defined in Subclause 6.3.1.5 of [4, TS 38.211]. If no SRS is configured or scheduled by DCI format 0_0, the PUSCH is spatially associated with PUCCH resource 0 after RRC connection.
=============== End of Text Proposal ========================
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